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.  377 

Slate,  ...... 

71 

Waggon,  ammunition, 

480 

Projectiles, 

.  455 

Slate-cutting  machines,  . 

155 

Warrior,  the, . 

179 

Propel lors,  .... 

.  186 

Smoke,  consumption  of,  . 

428 

Watches, . 

517 

Propellors,  cast-steel, 

.  376 

Soapstone,  Indian, 

72 

Water  meters, . 

247 

Pulp  engine,  Kingsland's, 

.  366 

Soils,  Indian  collection  of, 

72 

Water  pipes, . 

427 

Punching  machines,  . 

.  304 

Soda  and  its  salts,  manufacture. 

442 

Water  supply, . 

244 

Pyrites,  .... 

.  70 

Space  allotted  to  each  country. 

64 

Water  supply,  details  of,  1862, 

44 

Pyrites,  value  of,  produced. 

.  119 

Speculum,  Foucault’s  silver,  . 

501 

Water-works,  public, 

244 

Pyroligneous  acid, 

.  583 

Spiegeleisen  ore, 

167 

Wax  candle  manufacture. 

430 

Hags,  collection  and  supply, 

.  109 

Splints, . 

560 

Wax  palm, . 

113 

Rags,  treatment  of,  . 

.  365 

Spooling  machinery, . 

336 

Wax,  vegetable,  . 

113 

Railway  carriages,  . 

.  279 

Spring  railway,  .... 

279 

Weaving  machinery, 

334 

Railway  chairs,  . 

.  287 

Stained  glass,  exhibition  of, 

403 

Wheels,  railway,  .  .  .  280, 

375 

Railways,  permament  way  of. 

.  285 

Stearine  candles,  manufacture  of, 

391 

Winches,  steam,  . 

228 

Railway  rolling  stock, 

.  279 

Steel, . 

169 

Windlasses, . 

192 

Raw  products, 

.  65 

Steel,  Bessemer’s,  .  .  .72 

376 

Windows,  Evans’  “  Robin  llood,”  . 

405 

Reaping  machines, 

.  129 

Steam  engines,  agricultural,  . 

133 

Windows,  Heaton’s  “  Act  of  Mercy,” 

405 

Report,  Fairbairn  and  Baker’s 

.  55 

Steam  engines,  varieties  of, 

207 

Wood  carving, . 

202 

Retrospect,  the  future. 

.  685 

Steam  fire  engine, 

250 

Woods,  colonial,  varieties, 

81 

Rewards,  French  Exhibition, 

2 

Steam  hammers, 

307 

Wood-shaping  machines, 

318 

Rhinoceros  horn,  carvings  in, 

.  Ill 

Steam  pipes,  arrangement  of,  , 

36 

Wool, . 

90 

Ribbons,  cambric,  Omerod’s, 

.  357 

Steering  apparatus,  . 

189 

Wool  machinery,  . 

339 

Rice  paper, 

.  110 

Stereoscopes,  , 

503 

Woollens,  printed  and  dyed,  . 

359 

Ribs,  curved  timber,  details  of 

.  41 

Stone  china,  exhibition  of, 

416 

Yucca  plant, . 

115 

Rifled  cannon,  projectiles  for, 

.  457 

Stone,  Indian  lithographic, 

75 

Zinc, . 

174 

Rifling  machines, 

.  299,  477 

Stones,  building, 

79 

Zinc,  statistics  of, 

119 

Rockets,  military, 

.  461 

Stoves,  ..... 

82 
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tion  thus  early  impressed  by  its  Roman  masters,  was  never  lost  to 
Gaul,  as  age  by  age  it  was  transformed  into  modern  France.  Clovis 
and  Ckildebert  were  building  churches  at  Paris  fourteen  hundred 
years  ago,  while  England  was  yet  a  half  savage  land. 

All  the  arts  that  minister  to  man’s  comfort — civilization,  luxury 
— had,  now  that  the  human  race  woke  up  again  to  intellectual  life, 
become  centered  in  the  old  cities  of  Italy,  and  thence  rapidly  found 
their  way  into  France,  and  more  slowly  up  through  the  ancient 
towns  of  Eastern  Germany.  From  both  directions  we  were  long 
supplied  with  products  such  as  the  brass  and  clockwork  of  Nurem¬ 
berg,  the  watches,  crystal,  and  carpets  of  Venice,  that  we  were  then 
too  little  advanced  to  produce  for  ourselves. 

France,  however,  from  being  the  carrier,  gradually  became  the 
producer.  Fostered  by  successive  monarcks,  by  the  splendour  of 
courts,  by  a  richly  endowed  church,  but  most  of  all,  at  a  later  period, 
by  the  genius  of  Colbert,  she  became  pre-eminent  in  almost  every 
then  known  branch  of  manufacture,  and  especially  of  art  manufac¬ 
ture.  Pre-eminence  in  the  latter,  the  peculiar  genius  of  her  people 
has  enabled  her  to  retain,  over  all  the  world  to  the  present  hour. 


manenuy  im  quui  _ 

The  earliest  French  exposition  owed  its  suggestion  and  creation 
to  the  tremendous  spasm  of  the  Revolution.  In  the  yec  r  V.  of  the 
Republic  (1797)  the  three  great  governmental  art  manufactories 
(originated,  or  greatly  developed  by  Colbert,  and  always  afterwards 
maintained  as  an  appanage  of  the  monarchy),  those  of  Tapestry, 
Carpets,  and  Porcelain,  had  fallen  into  utter  disorganization ;  the 
hands  dependant  on  them  were  starving ;  the  Marquis  d’Avise  and 
his  colleagues,  by  the  authority  of  the  Directory,  organized  a  grand 
collection  of  their  productions  for  exhibition  and  for  disposal  by 
lottery ;  the  suite  of  unoccupied  salons  of  the  palace  of  St.  Cloud  was 
devoted  to  the  display;  and  on  the  18th  Fructidor  it  was  to  have 
been  opened,  but  by  one  of  those  sudden  strokes  of  power  then  so 
common,  its  opening  was  foibidden  on  the  very  day  before,  and  the 
military  commandant,  Augereau,  put  in  possession  of  the  place. 
What  became  of  the  collection  we  can  only  surmise ;  the  Marquis 
d’Avise  had  to  leave  Paris  instantly  as  a  proscribed  noble,  and  it  is 
not  improbable  that  the  whole  collection  was  turned  into  cash  by 
the  Directory. 
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Photography,  and  apparatus,  . 

.  564 

Roofing,  the  glazed,  1862, 

.  46 

Sugar  machinery, 

.  224 

Minerals,  Indian  collection, 

72 

Photography,  application  to  Geodesy,  563 

Roofs,  best  form  of,  for  exhibitions, 

60 

Sulphuric  acid  manufacture,  . 

.  440 

Minerals,  pliosphatic, 

153 

Photographic  chemicals,  . 

.  574 

Rolling  and  casting  metals, 

.  371 

Sulphur,  Indian, 

.  75 

Minerals,  production,  general  sum- 

Photographic  engraving,  . 

.  577 

Rotatory  and  section  engines,  . 

.  234 

Surgical  and  medical  apparatus, 

.  552 

mary, . 

Mineral  products,  . 

120 

Photography,  microscopic, 

.  572 

Safety  cages,  .... 

.  163 

Swing  cradle,  Salter’s, 

.  561 

65 

Photographic  pictures, 

.  576 

Sails, . 

.  190 

Syphon  still,  Barron’s, 

.  439 

Mineral  statistics, 

116 

Photographic  tents,  . 

.  573 

Salt,  Indian,  .... 

Salt,  production  and  value, 

.  76 

Table  glass,  specimens  of, 

.  407 

Mining, . 

154 

Physical  apparatus,  . 

.  507 

.  120 

Tartaric  acid,  .... 

.  584 

Mining  and  colliery  work. 

154 

Pianofortes,  .... 

.  526 

Sandstones,  .... 

.  79 

Telegraph,  electric,  apparatus, 
Telegraph,  Wheatstone’s  private 

.  529 

Models,  civil  engineering. 

199 

Pianofortes,  Broadwood’s  metallic, 

.  526 

Scaffold,  Phillips’  travelling,  . 

.  41 

,  .  534 

Monochord.  Griesbach’s,  . 

510 

Picric  acid, . 

.  582 

Schist,  mode  of  treating,  . 

.  394 

Telescopes,  equatorial, 

.  498 

Mortar,  Keynsham's  polished, . 

79 

Pigments,  Indian, 

.  75 

Scutching  machines, . 

323 

Tenon-cutting  machines,  . 

.  319 

Mortising  machines,  . 

319 

Pipe  and  brick  machines,  . 

.  145 

Seaweed,  application  of,  . 

.  Ill 

Terra  cotta,  . 

Terra  cotta,  Blashfield’s,  . 

.  80 

Mosaic  pavements,  Wyatt’s,  . 

415 

Pipes,  bituminized  paper, 

.  110 

Sevres  porcelain, 

421 

.  201 

Mottoes  on  walls  and  domes, 

52 

Pipes,  earthenware,  . 

.  78 

Sewerage,  deodorization,  &c.,  . 

424 

Textile  machinery,  . 

.  321 

Moulding  machines,  . 

318 

Pipes  for  water  supply, 

.  247 

Sewing,  plaiting,  and  felting  ma 

Textile  materials, 

83,  293 

Mules,  self-acting,  . 

330 

Pistols,  revolving, 

.  475 

chines, . 

341 

Thermodynamics, 

.  205 

Musical  instruments. 

523 

Plaiting  and  braiding  machines. 

.  352 

Sextants,  aluminium, 

501 

Thermometers,  .... 

.  508 

Nail-making  machine, 

313 

Planing  machines, 

.  318 

Shafting,  arrangement  of,  1862, 

36 

Thrashing  machines. 

.  134 

Naphtha,  Indian, 

75 

Plasters  and  stuccos, . 

.  80 

Shaping  machines,  . 

296 

Tiles  and  pipes, 

Timber  for  shipbuilding,  . 

.  77 

Naphthaline,  .... 

582 

Plate  glass,  manufacture,  . 

.  401 

Sheathing  slips . 

187 

.  197 

Naval  architecture,  . 

178 

Platinum, . 

.  177 

Shells,  Boxer’s  diaphragm, 

460 

Timber,  quantity  used,  1862,  . 

.  55 

Nave,  the  great,  details  of, 

37 

Ploughs,  hand,  .... 
Ploughs,  steam,  .... 
Plumbago,  Indian, 

.  128 

'  Shells,  segment,  Armstrong’s,  . 
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Tin, . 

.  177 

New  engineering  contrivances, 

289 

.  123 

Shells,  specimens  of,  . 

112 

Tin  ores,  Indian, 

.  73 

New  York  Exhibition,  1853,  . 
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.  75 

Shipbuilding,  .... 

178 

Tin,  statistics  of. 

.  118 

Nickel  and  cobalt, 

177 

Polarizing  instruments,  . 

.  505 

Shot,  grape,  and  canister,  . 

459 

Tincal,  crude  borax,  Thibet,  . 

.  76 

Night  lights,  manufacture, 
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Porcelain,  Copeland’s  painted, 

.  418 
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In  tracing  the  succession  of  those  events  that  chiefly  mark  the 
progress  of  the  whole  human  family,  from  the  dawn  of  earliest 
civilization  to  its  latest  and  best  achievements,  we  shall  find  their 
march  in  time  very  much  follows  the  great  migrations  of  our  race, 
spreading  from  its  primary  centres  to  replenish  and  subdue  the 
earth. 

The  descendants  of  those  sires  that  dwelt  in  tents  of  skins,  “with 
curtains  hung  round  about,”  in  time  built  palaces  of  alabaster,  the 
exhumed  remains  of  which  even  we  admire  and  wonder  at.  The 
sea  was  reached,  and  ships  of  Tarshish  spread  their  sails  to  aid  the 
great  westward  march  of  men,  that  tracked  and  peopled  from  point 
to  point  both  shores  of  the  Mediterranean,  building  pyramids  and 
cities,  harbours,  temples,  Parthenons,  as  it  advanced. 

Greece,  elastic  in  youthful  power,  found  out  the  Western  lands, 
and  colonized  from  Etruria  to  Sicily,  bringing  with  her  the  arts 
and  lore  that  had  been  cradled  in  Mid-Asia,  and  planting  the 
vine  and  the  olive  in  her  path.  Rome  was  founded  and  gradually 
evolved  that  mighty  system  of  military  aggrandisement  destined 
to  push  to  “the  farthest  Thule”  her  power,  her  race,  her  civili¬ 
zation.  Her  earliest  continental  colonies  were  in  Gaul,  which  was 
for  long  her  possession  and  highway  towards  Northern  and  Western 
Europe.  In  our  own  island  she  built  her  military  roads  and  fortress 
walls ;  but  Gaul  had  been  already  enriched  and  adorned  with  her 
aqueducts  and  bridges,  amphitheatres  and  temples. 

The  old  creeds  and  worships  died  out,  and  the  dismal  lethargy 
betwixt  the  old  and  new  fell  over  Europe ;  but  the  stamp  of  civiliza¬ 
tion  thus  early  impressed  by  its  Roman  masters,  was  never  lost  to 
Gaul,  as  age  by  age  it  was  transformed  into  modern  France.  Clovis 
and  Childebert  were  building  churches  at  Paris  fourteen  hundred 
years  ago,  while  England  was  yet  a  half  savage  land. 

All  the  arts  that  minister  to  man’s  comfort— civilization,  luxury 
— had,  now  that  the  human  race  woke  up  again  to  intellectual  life, 
become  centered  in  the  old  cities  of  Italy,  and  thence  rapidly  found 
their  way  into  France,  and  more  slowly  up  through  the  ancient 
towns  of  Eastern  Germany.  From  both  directions  we  were  long 
supplied  with  products  such  as  the  brass  and  clockwork  of  Nurem¬ 
berg,  the  watches,  crystal,  and  carpets  of  Venice,  that  we  were  then 
too  little  advanced  to  produce  for  ourselves. 

France,  however,  from  being  the  carrier,  gradually  became  the 
producer.  Fostered  by  successive  monarchs,  by  the  splendour  of 
courts,  by  a  richly  endowed  church,  but  most  of  all,  at  a  later  period, 
by  the  geuius  of  Colbert,  she  became  pre-eminent  in  almost  every 
then  known  branch  of  manufacture,  and  especially  of  art  manufac¬ 
ture.  Pre-eminence  in  the  latter,  the  peculiar  genius  of  her  people 
has  enabled  her  to  retain,  over  all  the  world  to  the  present  hour. 


The  former  she  would  not  have  so  much  (or  so  soon  at  least)  sur¬ 
rendered  to  ourselves  and  others,  had  not  bigotry  and  persecution 
driven  forth  her  best  artisan  skill. 

France  then  has  always  had  the  start  of  us  in  time  and  tide  of 
civilization  and  its  train  of  arts,  and  there  is  little  wonder  that  she 
was  the  first  to  evolve  the  idea  of  Industrial  Exhibitions  in  Western 
Europe,  the  first  glimmerings  of  which  appear  in  Colbert’s  time. 
Not  but  that  Industrial  Exhibitions  in  their  actuality,  though  not  with 
the  idea  of  those  of  the  present  day,  are  greatly  more  ancient.  Not 
to  speak  of  the  Olympic  games  which  Grote  has  so  well  shown,  had 
for  eleven  hundred  years  their  industrial  and  artistic  elements,  the 
triennial  or  other  periodic  great  fairs  of  Astrakan,  of  Novogorod,  of 
Prague,  of  Leipsic,  were  (and  are  some  of  them  yet)  in  truth  vast 
exhibitions  of  products  of  every  sort  collected  over  vast  areas ;  and 
there  can  be  no  question  that  although  not  primarily,  if  at  all,  intended 
for  “taking  stock”  of  industrial  progress,  they  did  in  fact  in 
remoter  times  powerfully  promote  it. 

It  is  not  here  our  purpose,  however,  to  pursue  the  History  of 
Industrial  Exhibitions  themselves,  which  will  properly  fall  within 
the  scope  of  our  Concluding  Essays,  but  merely  to  indicate,  by  the 
briefest  historical  hints,  what  has  been  the  nature  of  that  antecedent 
train  of  events  that  placed  France  in  the  van  of  nations  as  respects 
her  distinct  recognition  and  establishment  of  National  Industrial 
Exhibitions. 

Our  concern  now  is  with  the  buildings  in  which  some  of  the  chief 
of  these  exhibitions  have  been  held,  including  those  designed  per¬ 
manently  for  such  purposes  in  future. 

The  earliest  French  exposition  owed  its  suggestion  and  creation 
to  the  tremendous  spasm  of  the  Revolution.  In  the  ye.  r  V.  of  the 
Republic  (1797)  the  three  great  governmental  art  manufactories 
(originated,  or  greatly  developed  by  Colbert,  and  ahvays  afterwards 
maintained  as  an  appanage  of  the  monarchy),  those  of  Tapestry, 
Carpets,  and  Porcelain,  had  fallen  into  utter  disorganization;  the 
hands  dependant  on  them  were  starving  ;  the  Marquis  d’Avise  and 
his  colleagues,  by  the  authority  of  the  Directory,  organized  a  grand 
collection  of  their  productions  for  exhibition  and  for  disposal  by 
lottery ;  the  suite  of  unoccupied  salons  of  the  palace  of  St.  Cloud  was 
devoted  to  the  display ;  and  on  the  18th  Fructidor  it  was  to  have 
been  opened,  but  by  one  of  those  sudden  strokes  of  power  then  so 
common,  its  opening  was  foibidden  on  the  very  day  before,  and  the 
military  commandant,  Augereau,  put  in  possession  of  the  place. 
What  became  of  the  collection  we  can  only  surmise ;  the  Marquis 
d’Avise  had  to  leave  Paris  instantly  as  a  proscribed  noble,  and  it  is 
not  improbable  that  the  whole  collection  was  turned  into  cash  by 
the  Directory. 
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Only  the  next  year  after  however,  in  1798,  this  energetic  and 
enlightened  noble  of  the  old  regime  was  in  some  way  enabled  to 
return  in  safety  to  Paris,  and  almost  directly  after  he  succeeded  in 
forming  a  highly  important  collection  of  art  manufactures,  in  which 
most  of  the  great  manufactures  of  France,  as  well  as  those  of  the 
three  ex-Royal  manufactories  were  exhibited.  This  was  opened 
(how  far  under  the  control  of  the  existing  government  does  not 
seem  clear)  in  the  Maison  D’Orsay,  and  in  the  adjoining  grounds,  in 
the  Rue  de  Varennes,  and  seems  to  have  remained  open  to  the 
public  until  events  occurred  that  gave  it  a  fresh  development,  and 
stamped  for  ever  after  with  the  importance  of  nationality,  French 
Industrial  Expositions. 

General  Bonaparte,  the  future  First  Consul  and  Emperor  of 
France,  had  just  returned  from  his  first  brilliant  Italian  campaign, 
and  laid  its  splendid  spoils  at  the  feet  of  the  Directory. 

The  fetes  of  the  Republic  and  of  liberty  were  to  be  celebrated  in 
August.  The  Directory  seized  the  occasion  to  unite  into  one  impos¬ 
ing  whole  these,  and  the  triumphal  procession  through  Paris  to  the 
points  of  reunion,  in  the  Champ  de  Mars — of  the  conqueror  with  his 
spoils.  Everything  that  could  add  to  the  dazzling  vanities  of  the 
moment  was  collected,  and  it  was  resolved  to  erect  in  this  great 
amphitheatre  a  “  Temple  of  Industry,”  and  there  exhibit  the  collec¬ 
tion  of  the  Maison  D’Orsay,  with  great  additions.  This  Fair  of 
Industry,  as  it  was  at  first  called,  was  opened  by  Francois  de 
Neufchateau,  as  ministerially  representing  the  Republic,  attended 
by  members  of  the  learned  bodies,  the  municipalities,  and  by  a  jury, 
and  was  in  reality  the  first  National  Exposition  of  French  Industry, 
one  at  which  for  the  first  time  account  was  taken  by  nine  competent 
men,  with  Chaptal  at  their  head,  of  relative  merits,  and  prizes 
awarded.  The  “  Temple  of  Industry,”  so  far  as  we  can  now  judge 
from  the  newspapers  of  the  time  and  one  or  two  very  poor  prints, 
seems  to  have  been  no  more  than  a  rather  humble,  long  wooden 
shed,  with  a  number  of  somewhat  mean  porticos  attached  to  it.  Its 
importance,  however,  was  not  lost  upon  at  least  one  eagle  eye  that 
regarded  its  contents. 

Three  eventful  years  followed,  and  the  General  of  the  Republic 
became  First  Consul  and  practically  its  master.  His  far- seeing  and 
politic  brain  had  not  forgotten  this  (but  episode)  of  the  10th  August, 
1798,  and  in  1801  he  caused  to  be  opened,  again  upon  the  anniver¬ 
sary  of  the  Republic,  the  second  Industrial  Exhibition,  in  the  spacious 
chambers  of  the  once  Royal  Lonvre.  It  was  greatly  larger  than  the 
preceding  one.  Everything  that  could  be  effectually  done  by  Bona¬ 
parte,  aided  by  such  men  as  Monge,  Chaptal,  Berthollet,  and  De 
Prony,  was  done  to  stimulate  French  industry,  which  had  so  ter¬ 
ribly  suffered  in  the  Revolution.  The  national  wealth  and  prosperity 
began  to  recover,  and  in  1802  the  third  French  Exposition  was 
opened  by  the  First  Consul  in  person.  The  number  of  exhibitors 
was  more  than  fourfold  that  of  the  first,  and  it  was  obvious  that  the 
next  would  demand  a  special  building  to  arrange  and  exhibit  fully 
the  growing  splendour  of  the  arts  and  manufactures  of  France. 

The  master  mind,  however,  was  now  called  away  to  distant  fields 
of  warfare  and  destruction,  for  nearly  four  years,  yet  not  before  the 
establishment  of  the  Societe  d’Encouragement,  due  to  the  sagacity 
of  Napoleon,  had  given  permanence  to  the  effect  of  those  periodic 
shows  in  promoting  industrial  improvement. 

In  1806,  the  first  and  last  Exposition  of  Industry  under  the 
Empire  was  held,  and  now  for  the  first  time  a  special  building  was 
provided  for  its  accommodation.  It  consisted  of  a  spacious  timber 
shed  erected  upon  the  Esplanade  of  the  Hotel  des  Invalides ; 
no  plan  or  view  of  it  appears  to  be  extant.  Nor  probably  was 
there  anything  in  its  construction  or  appearance  very  worthy  of 
record. 

Its  contents,  however,  were  remarkable ;  the  printed  muslins  of 
Alsace  then  first  appeared,  the  combined  excellence  of  art  and 
manufacture  in  which  has  since  given  them  a  world-wide  fame,  and 


the  enormous  advances  that  France  had  made  in  the  preceding  four 
years  in  the  manufacture  of  iron  and  steel  were  evident. 

But  before  the  peaceful  rivalry  of  the  Exhibition  had  well  ceased, 
Bellona  was  again  loose — thirteen  years  elapsed,  the  greater  part 
filled  with  tears  and  blood  to  France  and  to  Europe  before  another 
Exhibition  of  Industry  appeared  at  Paris.  In  the  interval  the  com¬ 
bination  of  art  and  manufacture,  upon  the  steady  promotion  of  which 
so  much  of  French  industrial  success  has  depended,  was  in  a  great 
degree  forgotten.  Taste  itself  even  in  France  had  become  depraved, 
a  miserable  and  paltry  classicality  in  decoration,  furniture,  and 
dress,  had  come  to  mark  the  epoch  of  the  empire  now  at  an  end. 
Industry  had  been  driven  into  new  channels  by  the  inexorable 
demands  of  the  Emperor’s  continental  system,  and  the  necessities  of 
his  continual  wars  waged,  from  1811  up  to  1814  especially;  the 
country  was  turned  into  a  barrack,  and  its  workshops,  after  the  dis¬ 
asters  of  1812,  into  arsenals  and  armouries. 

It  required  more  than  three  years’  rest  after  the  final  convulsion 
of  Waterloo  and  the  compulsory  restoration  of  the  Bourbons,  before 
the  industry  of  prostrate  and  exhausted  France  was  again  capable 
of  an  Exhibition. 

In  1819,  on  the  anniversary  of  the  fetes  of  St.  Louis,  the  fifth 
National  Exposition  took  place.  It  was  now  held  in  the  great  apart¬ 
ments  of  the  Louvre,  or,  according  to  Mr.  D.  Wyatt,  in  galleries 
constructed  in  the  court  of  the  Louvre. 

Upon  this  occasion  the  Ordonuance  of  the  King  for  the  first  time 
declared  that  such  expositions  were  to  become  a  permanent  national 
institution,  and  to  be  held  every  fourth  year.  In  1823,  the  sixth 
F rench  Exposition  was  again  opened  at  the  Louvre,  and  the  display 
filled  to  overflowing  the  whole  of  the  ground-floor,  and  a  large  por¬ 
tion  of  the  principal  one,  of  the  palace. 

The  growing  progress  of  these  shows  is  evidenced  by  the  con¬ 
tinually  increasing  length  of  time,  that  it  was  found  needful  to  keep 
them  open.  The  very  first  in  the  Champ  de  Mars  was  open  three 
days  only  ;  this  the  sixth  was  open  nearly  nine  weeks ;  the  number 
of  exhibitors  was  smaller  than  had  marked  the  new  advent  of  the 
Bourbons  ;  but  the  number  of  rewards  at  least  was  liberal,  nearly 
1100  having  been  distributed. 

A  model  of  the  first  Suspension  Bridge  proposed,  being  erected 
in  France,  was  this  year  exhibit^  by  Scguin  Freres  ;  it  was  after¬ 
wards  thrown  across  the  Rhone.  The  name  of  Seguin  will  ever  be 
celebrated  amongst  mechanics,  as  at  a  later  date  connected  with  one 
of  the  three  great  epochs  of  improvement,  in  the  construction  of  the 
locomotive  engine. 

Printed  Reports  of  each  Exposition  from  1819  downwards,  in  bulky 
octavo  volumes  exist,  from  which  a  perfect  conception  can  be  formed 
of  the  general  character  of  the  things  exhibited,  and  generally  of 
the  advances  made  from  period  to  period ;  but  it  is  impossible  to 
gather  from  them,  or  from  the  Ordonnances  that  are  printed  at  the 
end  of  each  volume,  any  clear  idea  of  the  spaces  occupied,  or  the 
modes  of  arrangement  adopted.  The  classification  we  shall  refer  to 
hereafter. 

The  seventh  Exposition  of  1827,  was  again  held  in  the  Palace  ot 
the  Louvre ;  and  from  the  terms  of  the  Ordonnance  we  are  led  to 
presume  that  great  additions  were  on  this  occasion  made  to  its 
capacity  by  temporary  erections.  Nearly  1800  exhibitors  contri¬ 
buted  to  this  the  last  display  of  France  under  the  rule  of  the  old  line 
of  the  Bourbons  ;  and  in  a  manufacturing  point  of  view,  perhaps  its 
most  striking  characteristic  was  the  visible  impress  made,  by  tho 
introduction  since  the  peace  ot  1815,  of  our  own  peculiar  creation 
the  steam-engine,  upon  the  growth  and  improvement  of  the  textile 
products  of  France,  the  first  great  stimulus  to  which  was  due 
to  Chaptal’s  efforts  to  bring  in  the  breed  of  Merino  sheep  from 
Spain. 

Seven  years  now  elapsed  before  under  Louis  Philippe  in  1834, 
the  eighth  national  exposition  was  organized ;  political  convulsion 
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and  change  of  dynasty  had  prevented  Charles  X.’s  Ordonnance  from 
being  fulfilled  three  years  before  this. 

Nearly  2500  exhibitors  answered  to  the  call  of  government,  and 
obliged  the  erection  of  four  great  temporary  sheds  upon  the  Place 
de  la  Concorde  for  the  reception  of  their  products.  These  were 
mere  timber  erections,  with  little  pretension  to  decoration,  and  no 
plan  or  design  of  them  appears  to  be  forthcoming  now. 

This  Exhibition  is  noteworthy  in  many  points  of  view,  which  we 
shall  refer  to  in  our  concluding  essays.  A  more  severe  and  just 
appreciation  of  the  proportion  between  the  number  of  exhibitors 
and  those  of  the  rewards,  prevailed  than  on  previous  occasions. 
Twenty-three  crosses  of  the  Legion  of  Honour  and  about  seven 
hundred  medals  were  awarded.  India-rubber  elastic  fabrics  were 
here  first  shown,  and  the  result  of  one  of  the  most  beautiful  and 
brilliant  discoveries  of  modern  analytical  chemistry,  Guimet’s 
artificial  ultramarine,  that  pure  and  sparkling  blue  that  played  so 
remarkable  a  part  in  the  decoration  of  our  building  of  1851,  and 
does  also  in  that  of  the  present  year.  Baron  Dupin  edited 


France,  and  that  Prony  had  written  an  elaborate  book  in  two  folio 
volumes,  describing  and  discussing  the  elements  of  the  only  great 
pumping-engine  of  Watt  in  the  whole  country,  there  were  now 
about  fifty  foundries  or  engineers’  shops  engaged  more  or  less  in  the 
manufacture  of  steam-engines,  and  not  a  few  of  these  had  already 
attained  a  high  degree  of  accuracy  and  excellence. 

Five  years  elapsed,  and  again  in  1844  Louis  Philippe  inaugurated 
an  exposition,  the  tenth  of  French  ones,  and  the  last  destined  to  occur 
in  his  reign. 

The  number  of  exhibitors  was  again  about  4000 ;  but  the  display 
was  by  far  the  most  splendid  and  various  that  France  had  yet  beheld. 
The  building  was  an  immense  timber-shed  designed  by  the  architect 
Moreau,  and  erected  again  in  the  Carre  Marigny  of  the  Champs 
Elysees.  Fig.  1,  Plate  1,  is  an  elevation  of  the  building,  showing 
the  royal  entrance,  and  Fig.  1  of  the  wood  engravings  is  a 
ground  plan  showing  the  arrangement  of  the  whole  Exhibition. 
The  building  was  erected  complete  within  seventy  days,  and  at  a 
,  cost  which  appears  to  be'  little  more  than  Is.  3d.  per  foot  super 


Fig- 1. 


the  Report,  which  now  assumed  the  bulk  of  three  large  octavo  volumes,  j 
and  for  the  first  time  is  preceded  by  a  good  resume  of  the  past 
progress  of  French  industry  and  the  history  of  former  Expositions. 

The  next  French  Exposition,  the  ninth,  was  held  in  1839,  in  a  huge 
temporary  wooden  building  placed  in  the  Carre  de  Marigny,  in  the 
Champs  Elysees.  The  demands  of  nearly  4400  exhibitors  required 
a  space  to  be  roofed  in  for  French  producers  alone,  of  nearly  178 
thousand  square  feet,  or  above  four  statute  acres,  besides  an  annexe 
for  the  products  of  Mulhausen,  &c. 

The  building  itself  was  a  plain  A-roofed  shed  of  many  spans 
connected  by  a  long  cross  gallery,  and,  from  its  massive  timbers  of 
whole  balk,  is  said  by  those  who  saw  it  to  have  had  a  striking  effect 
enough,  in  its  plain  whitewash ;  but  we  have  been  able  to  collect  no 
structural  details,  or  external  elevations  of  it,  and  probably  none  of 
these  presented  features  of  interest  or  peculiarity,  as  they  have  not 
been  preserved.  The  great  noticeable  feature  of  this  Exposition  itself 
was,  that  while  in  1802  there  were  not  twenty  steam-engines  in  all 


covered.  The  Report,  in  three  volumes  octavo,  was  presented  to 
the  King  by  Baron  Thenard,  and  contains  the  decisions  of  no  less 
than  fifty- eight  jurors. 

This  Exposition  was  remarkable  for  the  greatly-increased  display 
of  heavy  moving  machinery,  and  for  the  increased  importance  and 
attention  with  which  this  was  regarded  by  all  classes  of  the  Parisians 
as  a  wealth-creating  power.  Nasmyth’s  steam-hammer  here  first 
was  shown  abroad.  Notwithstanding  the  new  political  stoim  that 
in  the  interval  swept  over  France,  the  new  Republic  succeeded  in 
opening  the  eleventh  French  Exposition  in  1849,  the  veiy  fiist  aftei 
Louis  Philippe’s  dethronement. 

Before  this,  however,  the  growth  and  interest  attaching  to  the 
successive  French  Expositions,  had  attracted  the  serious  considera¬ 
tion  of  the  governments  of  other  continental  countries,  though  not 
of  our  own ;  and  this  is  the  proper  place  to  notice,  that  the  first 
permanent  structure  devoted  to  such  national  expositions  was  elected 
at  Munich  by  the  king  of  Bavaria  as  early  as  1845  ;  a  noble  and  solid 
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piece  of  architecture,  adorned  with  sculpture  by  Schwanthaler,  and 
covering  more  than  36,000  square  feet  of  exhibition  space. 


the  year  1840,  Austria,  Spain,  Piedmont,  Portugal,  the  kingdom  of 
the  Two  Sicilies,  Prussia,  Holland,  Denmark,  Sweden,  and  Russia, 


had  had  their  occasional  expositions.  Amongst  all  these,  those  of 
Belgium  were  the  most  numerous  and  important.  Thrice  it  had 
exhibited  as  a  province  of  the  French  empire,  and  four  times  in 
connection  with  Holland.  These  were  held  at  various  places,  at 
Ghent,  Tournay,  Haarlem,  &c.,  and  in  buildings  pre-existing.  That 
of  1841,  when  Belgium  had  become  a  kingdom,  was  placed  in  the 
Musee  de  l’lndustrie  at  Brussels,  filling  the  whole  of  that  large 
building,  where  also  subsequent  exhibitions  have  been  held. 

As  there  was  nothing  constructively  remarkable  or  special  in  the 
habitations  chosen  for  these  many  and  distinct  continental  exhibi¬ 
tions,  further  notice  of  them  is  beyond  our  present  purpose. 

The  French  Exposition  of  1849,  the  eleventh,  notwithstanding  the 
depressed  state  of  trade  throughout  the  continent,  was  on  a  grander 
scale  than  any  that  had  preceded  it. 

Moreau  was  again  the  designer  of  the  building  which  was  again 
of  timber,  and  placed  in  the  Champs  Elys^es.  Fig.  2,  Plate  1,  gives 
an  elevation  of  its  exterior,  and  Fig.  2  of  the  wood  cuts  is  a  plan  of  the 
ground  floor.  The  ground  covered  (exclusive  of  the  annexe  for  agri¬ 
cultural  implements)  was  more  than  220,000  square  feet,  and  the  cost 
of  the  building,  which  was  like  all  its  predecessors  quite  temporary, 
was  stated  at  about  Is.  2d.  per  foot  super.  It  was  roofed  with 
sheet  zinc.  A  far  more  pretentious  style  of  decoration  was 
attempted  than  in  the  simple  and  much  nobler  white- washed  sheds 
of  former  periods.  The  balk  fir  uprights  were  covered  with  oak- 
grained  paper,  and  ornamental  trusses  produced  in  papier  mad  tee, 
with  painted  bas-reliefs,  and  much  other  sham  ornament.  No 
constructive  details  of  the  building  have  been  published  ;  it  was  the 
last  of  the  temporary  buildings  constructed  in  France,  as  well  as 
the  last  of  its  exhibitions  exclusively  national. 

The  following  Table  gives  the  chief  particulars  and  cost  of  the 
three  last  and  most  important  French  buildings  : — 


Date. 

Covered- 
Area 
sq.  yards. 

Area  in 
Acres. 

Total  Cost. 

Cost  per 
super,  foot. 

Proportion  of 
Exhibition  Space 
to  surface  of 
Passages. 

1839 

13,538 

a.  r.  p. 

2  3  9 

£ 

14,551 

s.  d. 

2  2 

58 

bo 

1844 

23,310 

4  2  20 

14,056 

1  3  33 

90 

104 

1819 

27,214 

5  2  20 

16,000 

1  2GG 

97 

12G 

About  £2000  additional  was  expended  in  the  last  for  the  agricul¬ 
tural  annexe,  which  is  not  included  in  the  above. 

These  sums  appear  extremely  small  beside  our  present  notions 
of  exhibition  expenditure.  It  must  be  remetnbered,  however,  that 
all  the  materials  of  these  temporary  structures  were  merely  hired, 
and  went  back  to  the  contractor  when  the  building  was  emptied. 

Mr.  D.  Wyatt  considers,  in  his  Report  to  the  Society  of  Arts  upon 
the  Eleventh  Exhibition  of  France,  that  “rlie  expenditure,  though 
small  in  actual  amount,  was  really  extravagant,  as  a  recurrent  out¬ 
lay,  of  which  nothing  in  the  end  remained ;  and  as  compared  with 
the  interest  only  of  capital  devoted  to  the  construction  of  a  per¬ 
manent  building  it  no  doubt  was  so,  as  in  fact  the  act  of  the  French 
government  in  1853-55  proved.” 

A  new  epoch  was  now  to  open  in  the  career  of  industrial  expo¬ 
sitions. 

We  have  seen  in  the  preceding  brief  sketch  that  the  recognition 
and  first  development  of  natioual  expositions  was  due  to  the  prescient 
mind  of  Napoleon  in  his  early  prime ;  of  that  great  man,  who,  amidst 
national  hatreds  the  most  bitter,  could  mark  his  reverence  for  Davy 
the  English  chemist,  whose  chosen  companions  were  such  men  as 
Volta,  Cuvier,  Chaptal,  and  La  Place.  The  remembrance  of  this 
must  have  recurred  to  the  President  of  the  Republic  with  justifiable 
pride,  when  inaugurating  the  Exposition  of  1849. 
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The  next  great  advance,  however,  was  to  come  from  another 
mind  congenial  in  vigour,  and  in  the  thoughtful  conception  of  the 
true  paths  that  lead  to  industrial  greatness,  but  in  all  other  respects 
the  happy  opposite  in  attributes  to  that  of  Napoleon.  To  our  own 
lamented  Prince  Consort  belongs  the  origination  of  the  idea  of 
International  Exhibitions.  France  had  shown  to  herself  and  to 
Europe  what  she  herself  could  accomplish,  but  she  had  shrunk  from 
permitting  other  nations  to  show  their  achievements,  in  contrast 
with  and  beside  her  own.- 

Perhaps  much  of  the  favour  with  which  Prince  Albert’s  proposal 


was  received  at  length  by  the  people  of  England,  arose  from  the 
simple  courage  of  the  thought ;  but  undoubtedly  the  immense  suc¬ 
cess  which  the  attempt  to  carry  it  out,  at  once  attained,  as  well  as 
the  abiding  advantages  which,  as  a  nation,  we  have  already  derived 
from  its  results,  are  due  to  the  idea  of  international  rivalry,  as  contra¬ 
distinguished  from  merely  national  display.  It  ministered  not  to  our 
insular  pride,  but  proved  to  us  our  own  comparative  shortcomings. 

Before  taking  leave  of  the  olden  Exhibitions  then  it  will  be  of 
interest  to  place,  in  a  tabular  form,  some  of  the  chief  facts,  marking 
their  rise  and  progress. 


TABULAR  VIEW  OF  THE  DEVELOPMENT  OF  FRENCH  NATIONAL  EXPOSITIONS. 


Order. 

Date. 

Government. 

Where  Held. 

Time 

remaining 

Oi  en. 

Number 

of 

Exhibitors. 

Number 

of 

Prizes. 

Character 

of 

Buildings. 

1st. 

Year  VI.,  1798. 

The  Directory. 

Champ  de  Mars. 

3  dsys. 

110 

23 

Temporary  wood. 

2nd 

Year  IX.,  1801. 

The  Consulate. 

The  Louvre. 

6  days. 

229 

80 

Pre-existing. 

3rd. 

Year  X.,  1802. 

The  Consulate. 

The  Louvre. 

7  days. 

540 

254 

Pre-existing. 

4th. 

1806. 

The  Empire. 

Esplanade  of  the  Invalides. 

24  days. 

1422 

610 

Temporary  wood. 

5th. 

1819. 

Louis  XVIII. 

The  Louvre. 

35  days. 

1632 

862 

Pre-existing. 

6th. 

1823. 

Louis  XVIII, 

The  Louvre. 

50  days. 

1642 

1091 

Pre-existing. 

7  th. 

1327. 

Charles  X. 

The  Louvre. 

62  days. 

1695 

1254 

Pre-existing. 

8th. 

1834. 

Louis  Thilippe. 

Place  de  la  Concorde. 

60  days. 

2447 

1785 

Temporary  wood. 

9th. 

1839. 

Louis  Philippe. 

Champs  Elysdes. 

60  days. 

3281 

2305 

Temporary  wood 

10th. 

1844. 

Louis  Philippe. 

Champs  Elysees. 

60  days. 

3960 

3253 

Temporary  wood 

11th. 

1849. 

The  Republic. 

Champs  Elysees. 

60  day's. 

4494 

3738 

Temporary  wood. 

It  is  not  for  us  here  to  recount  afresh,  with  what  hesitation  and 
doubt  the  first  promulgation  of  the  idea  of  the  late  Prince  Consort 
was  received,  gradually  opening  into  perception  of  its  high  import¬ 
ance,  and  soon  into  enthusiasm.  How  he  pointed  out  the  site, 
ultimately  decided  on,  at  one  of  the  first  private  meetings  held  on 
the  subject  of  the  intended  Exhibition,  at  Buckingham  Palace  on 
the  30th  June,  1849  ;  a  site  of  26  acres  in  nearly  the  form  of  a 
parallelogram,  2300  feet  by  500,  nearly  fronting  north  and  south, 
naturally  well  drained,  with  an  almost  uniform  slope  from  east 
to  west  of  1  in  200,  and  nearly  unencumbered,  except  by  a  few 
clumps  of  large  timber  trees,  ultimately  preserved,  and  forming 
conspicuous  ornaments  within  the  glass  palace,  a  site  as  readily 
approachable  as  probably  any  that  could  be  found  within  this 
metropolis. 

Nor  need  we  more  than  glance  at  the  disjointed  councils  that  for 
a  time  prevented  the  decision  upon  any  design  for  the  building  of 
1851.  The  building  committee  invited  suggestions,  received  no  less 
than  240  distinct  designs,  deemed  none  of  them  suitable,  proceeded 
to  arrange  a  design  of  their  own,  which  required  about  16,000,000 
bricks  to  be  laid,  and  could  never  have  been  done  in  time,  and  which 
no  one  thought  well  of,  and  as  matters  stood  in  this  unsatisfactory 
condition  Sir  J.  Paxton,  then  Mr.  Paxton,  appeared,  the  deus  ex 
macJdna,  and  said  the  right  word  (which  everyone  nearly  at  once 
responded  to  as  the  right  one),  “  Let  the  building  be  of  glass  and 
iron,”  and  upon  which  action  was  at  once  taken. 

Mr.  Paxton  is  very  widely  held  to  have  been  the  absolute  origi¬ 
nator  of  the  first  idea  of  the  Crystal  Palace  of  1851.  This,  how¬ 
ever,  does  not  seem  to  be  quite  the  fact. 

Mr.  W.  B.  Adams,  in  the  “  Westminster  and  Foreign  Quarterly 


Review,”  for  April,  1850,  after  examining  the  objects  of  the  Exhibi¬ 
tion,  and  the  kinds  of  building  suitable,  suggested,  that  the  structure 
should  be  like  “  a  great  metropolitan  conservatory,  the  materials  of 
which  should  be  chiefly  iron  and  glass,”  many  of  the  details  of  which 
he  gave ;  and  he  further  suggested  that  the  building  should  be 
permanent,  and  be  used  for  the  purposes  of  “  a  conservatory  and 
winter  garden”  when  not  required  for  industrial  exhibitions.  This 
appears  to  have  been  the  first  public  suggestion  for  a  structure  of 
the  kind ;  Mr.  Paxton’s  proposition  was  only  brought  forward  in  the 
month  of  July,  1850. 

But  although  not  absolutely  the  first  to  promulgate  the  thought, 
there  can  be  no  doubt  but  that  it  was  due  to  Mr.  Paxton’s  actual 
previous  experience  at  Chatsworth,  in  the  construction  of  structures 
of  glass,  having  some  peculiarities  of  design  quite  his  own,  and  to 
the  moral  weight  thence  derived,  with  which  his  suggestions  were 
received,  that  the  fortunate  decision  was  come  to,  of  acting  in  accord¬ 
ance  with  them. 

No  less  certain  is  it  that  the  admirable  way  in  which  Mr.  Paxton’s 
broad  general  notions  were  carried  out  into  practical  realization, 
was  due  in  a  great  degree  to  the  mechanical  and  administrative 
skill  of  Sir  Charles  Fox,  and  his  then  partner  the  late  Mr.  Hen¬ 
derson. 

The  story  of  their  courage  and  enterprise  as  contractors,  in  push¬ 
ing  forward  the  great  work,  upon  faith  only,  for  many  weeks,  in 
order  to  enable  the  Commission  to  keep  its  projected  time  for 
opening,  has  been  told  fully  elsewhere,  and  well  deserves  to  be  kept 
in  remembrance. 

It  might  have  been  assumed  that  the  experience  acquired  abroad 
in  the  construction  of  several  great  temporary  buildings,  and  in  the 
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arrangement  of  other  large  existing  ones,  for  exhibition  purposes, 
would  have  evolved  the  great  leading  principles  as  to  the  requisites 
that  must  he  combined  in  that  now  about  to  be  constructed  in  Hyde 
Park.  Yet  it  is  a  curious  circumstance  that  in  the  end  the  great 
leading  idea  as  to  form — distribution  of  area — relative  positions  and 
elevations  of  parts,  in  the  building  of  1851,  were  derived  from  nothing 
new  or  modern,  but  from  the  Christian  Cathedral,  one  of  the  oldest 
and  most  gradually  evolved  architectural  conceptions  of  the  last  two 
thousand  years.  Yet  it  is  obvious  that  nothing  could  have  formed 
a  more  suitable  and  adequate  type. 

The  great  rectangular  cruciform  structure,  nave,  and  transepts, 
chancel,  side  aisles,  chapels,  cloisters,  chapter  house,  slowly  grown 
out  of  the  more  ancient  and  simple  basilica,  had  more  objects  in 
common  with  a  building  suitable  for  industrial  exhibitions,  than 
appears  at  first  glance.  The  Cathedral  was  a  place  for  great  cere¬ 
monials,  for  processions,  for  exhibitions ;  its  walls  covered  with 
sculpture,  painting,  objects  of  devotion ;  with  a  grand  central  point 
of  attraction  ;  and  with  such  a  disposition  of  space,  that  from  many 
points  of  it  the  eye  ranged  undisturbed  by  intervening  objects,  over 
vast  areas  of  its  vacuous  interior,  from  every  point  of  which,  con¬ 
versely,  the  grand  central  point  was  visible. 

Such  was  actually  the  primal  notion,  however  got  at,  in  accord¬ 
ance  with  which  the  skeleton  form  of  the  building  of  1851  was 
arranged;  and  it  has  more  or  less  fixed  ihe  plan  and  elevations  of 
every  building  for  analagous  purposes  erected  since,  with  the 
exception  of  that  of  the  present  year,  1862,  or  the  French  build¬ 
ing  of  1855,  seems  scarcely  exceptional.  Our  account  of  the 
construction  of  the  highly  original  structure  of  1851  must  neces¬ 
sarily  be  brief  and  incomplete  as  to  many  details.  The  reader  who 
desires  full  professional  details  must  consult  the  elaborate  work 
of  Mr.  C.  Downes,  architect  (Weale,  London),  4to,  and  the  excel¬ 
lent  succinct  descriptions  by  Mr.  Digby  Wyatt,  in  the  Commissioners’ 
Reports  (folio),  and  in  the  Proceedings  of  the  Institution  of  Civil 
Engineers,  London — to  all  of  which,  especially  the  last,  we  have 
been  largely  indebted.* 

The  requisites  finally  assumed  as  indispensable  in  the  building  of 
1851  were,  first,  that  a  main  avenue  of  ample  width  should  extend 
the  whole  length  from  east  to  west,  as  near  the  centre  of  the  struc¬ 
ture  as  the  trees  would  permit ;  that  this  avenue  should  be  higher 


Secondly,  that  limiting  the  number  of  entrances  to  one  at  the 
eastern,  one  at  the  western,  and  one  at  the  southern  end  of  the 
main  avenues,  would  be  convenient  to  the  public,  and  simplify  the 
supervision  of  the  money-taking,  &c.,  hut  that  it  would  be  desirable 
to  provide  numerous  exits.  That  of  these  three  entrances  the 
southern  would  be  the  most  important,  and  the  one  about  which,  it 
would  be  best  to  group  the  executive  offices. 

Thirdly,  that  other  longitudinal  avenues  should  extend  from  north 
to  south,  and  that  transverse  gangways  between  the  stalls,  numbered 
to  correspond  with  the  Catalogue,  should  connect  them  with  the 
main  longitudinal  avenues,  so  that  any  visitor,  by  passing  down  one 
side  of  a  gangway,  and  up  another,  or  down  the  centre  of  one  gang¬ 
way,  and  up  the  centre  of  another,  and  taking  the  gangways  regu¬ 
larly  one  after  another,  might  be  enabled  not  to  omit  any  portion  of 
the  Exhibition,  and  yet  not  to  see  any  part  of  it  twice  over ;  or  so 
that  any  visitor,  desirous  of  proceeding  directly  to  a  particular  object, 
might  be  able  to  pass  along  the  main  or  central  avenue,  until  he 
arrived  at  the  gangway  (marked  to  correspond  with  the  indications 
of  the  Catalogue),  which  would  be  sure  to  lead  him  to  the  object  he 
was  in  search  of ;  and  so  that,  in  either  case,  the  disposition  of  the 
building  might  rather  direct  than  coerce,  the  motions  of  the  visitors, 
and  might  insure  the  general  movement  of  the  public  in  regular 
currents. 

Fourthly,  that  round  and  about  the  three  clumps  of  trees  growing 
in  the  park,  that  were  to  be  preserved,  would  be  the  most  convenient 
spots  for  the  refreshment  rooms. 

Fifthly,  that  a  fixed  dimension  of  24  feet  should  be  adopted ; 
which  should  serve  as  the  basis  or  measuring  unit  of  all  rectangular 
lines  parallel  to  the  main  avenues,  in  plan ;  and  that  the  whole  of 
the  supports  for  the  roofing  should  be  placed  either  at  this  distance 
or  at  that  of  multiples  of  it ;  that  the  mistakes  and  consequent  delay 
attending  the  adoption  of  irregular  dimensions  would  be  thus  avoided; 
that  the  lines  of  the  building  would  be  thus  rendered  agreeable ; 
and  that  uniform  areas  of  roofing  could  be  conveniently  arranged 
for  drainage  through  the  hollow  columns. 

•  Sixthly,  that  omitting  all  internal  enclosures  or  divisions,  except¬ 
ing  those  formed  by  the  stalls,  would  have  the  good  effects  of 
allowing  the  eye  to  range  at  liberty,  and  to  appreciate  the  extent, 
and  long  vistas  of  the  structure,  and  would  leave  future  arrange- 


Fig.  3. 


Scale — 300  feet  =  1  inch. 

International  Exhibition  of  1851 — plan  of  the  ground  floor. 


than  any  other  parts  of  the  building,  with  the  exception  of  a 
transverse  avenue  ranging  with  it  in  height,  leading  from  the  southern 
entrance,  and  crossing  the  entire  structure  at  right  angles,  as  near 
the  centre  as  possible. 

*  We  have  also  to  acknowledge  our  being  indebted  to  Mr.  Forrest,  C.E., 
Secretary,  Institution  of  Civil  Engineers,  tor  permission  to  make  use  of 
stereotyped  reproductions  of  several  of  the  illustrations  of  Mr.  Digby  Wyatt’s 
paper  in  the  Proceedings  of  that  body. 


ments  of  objects  of  exhibition  and  their  classification  without  any 
trammels. 

The  general  distribution  of  the  design  recalls,  as  we  have  said, 
the  system  of  a  cathedral  structure— a  vast  nave  72  feet  wide,  rose 
to  a  height  of  64  feet  above  the  surface.  This  was  crossed  by  a 
transept  408  feet  long,  equally  wide  and  lofty ;  but  with  the  difference 
that  it  was  crowned  by  a  waggon  vault,  increasing  its  height  to  104 
feet  at  the  centre. 
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On  each  side  of  the  nave  and  transept,  a  series  of  aisles,  24  feet 
wide,  by  44  feet  and  24  feet  high,  spread  out  to  a  total  width  of  456 
feet.  The  entire  length  of  the  building  was  1850  feet;  it  provided 
an  area,  upon  the  ground  floor,  equal  to  772,784  square  feet,  and 
upon  the  level  of  the  galleries,  23  feet  from  the  floor,  an  area  equal 
to  217,100  square  feet,  making  a  total  area  of  available  space  of 
989,884  square  feet. 

There  were  but  three  public  entrances,  as  stated  above  ;  but  in  the 
circuit  of  the  whole  building  there  were  fifteen  exits,  symmetrically 
disposed ;  where  they  occurred  a  pair  of  doors,  8  feet  in  width, 
occupied  the  centre  of  the  space,  and  the  two  bays  of  8  feet  each 
on  either  side  of  the  doors,  were  glazed  instead  of  being  boarded. 
The  building  consisted  of  three  stories  ;  and  its  general  construction 
might  be  described  as  a  cancellated  rectangular  combination  of 
columns  and  girders  of  cast-iron,  braced  at  intervals  by  diagonal 
wrought-iron  stay  bars  in  vertical  planes  attached  to  both — the 
columns  varying  in  height  from  16  to  19  feet  or  thereabouts,  and 
the  girders  or  trusses  all  upon  the  trellis  arrangement — being  either 
24,  48,  or  72  feet  long. 

The  general  appearance  of  the  building,  both  externally  and 
internally,  will  be  seen  from  Plate  3,  in  which,  divided  in  each  case 
at  the  centre  line,  is  given  a  half  internal  section,  in  each  of  the 
two  planes  of  symmetry,  viz.  north  and  south,  and  east  and  west. 

In  Fig.  3  of  the  woodcuts  is  given  a  plan  of  the  building  upon 
the  ground  level  only. 

The  flooring  consisted  of  boards  1J  inch  thick,  laid  half  an  inch 
apart,  upon  joists  7  inches  by  2^  inches,  bearing  upon  sleepers  13 
inches  by  3£  inches,  at  intervals  of  8  feet  apart. 

The  interstices  were  left  between  the  boards  to  permit  the  pas¬ 
sage  of  dust  and  dirt.  This  method  of  flooring  had  been  found  to 
answer  well  at  Chatsworth  and  in  other  localities. 

TIIE  FOUNDATION  AND  BASE-PLATES  (Figs.  4  and  5). 

Fig.  4. 


Elevation  of  base-plate,  showing  connection  with  column  above  It. 
Fig.  5 


It  would  have  been  difficult  to  have  found  a  better  foundation 
than  that  which  extended  over  nearly  the  whole  area  of  the  building. 


In  digging  out  the  foundations  for  the  columns  which  rested  on 
footings  of  concrete,  the  area  of  each  excavation  was  determined  by 
this  rule,  that  the  gravel  should  not  be  exposed  to  a  greater  load  than 
2^-  tons  per  superficial  foot.  The  cavities  thus  formed  were,  in  all 
cases,  filled  up  with  solid  concrete,  finished  with  fine  mortar.  On  the 
surface  of  this  mortar  were  bedded  “  base-plates,”  or  foundaton  pieces 
(Figs.  4and  5),  consisting  of  a  horizontal  bed-plate,  at  right  angles  to 
the  vertical  lines  of  the  building,  strengthened  by  shoulders,  uniting  the 
horizontal  plates  to  the  portion  of  the  base  plate,  the  section  of  which 
corresponded  with  that  of  the  columns.  The  exact  height,  from  the 
top  of  the  concrete  foundation  to  the  plane  of  the  junction  between 
the  base-plate  and  the  column,  was  so  precisely  calculated,  and  the 
casting  of  the  base-plate  in  all  cases  so  perfectly  performed,  that  the 
snugs,  cast  on  the  upper  portion  of  the  base-plates,  exactly  met  and 
corresponded  with  those  on  the  lower  portion  of  the  superincumbent 
columns,  without  leaving  any  interstice,  or  requiring  any  packing. 

From  the  vertical  portion  of  the  foundation  pieces,  which  carried 
columns  through  which  the  roof-water  passed,  sockets  branched  out, 
into  which  were  fixed  the  ends  of  the  cast-iron  pipes,  for  conveying 
the  water  descending  from  the  roofs  to  the  transverse  drains. 

The  arrangements  for  carrying  off  rapidly  the  entire  roof-water 
of  17J  acres,  involved  considerable  preparation.  Six  rows  of  cast- 
iron  pipes,  each  6  inches  diameter,  communicating  with  the  hollow 
columns  supporting  the  roof,  followed  the  fall  of  the  ground  from 
west  to  east,  and  conveyed  the  water  to  three  drains  running  north 
and  south.  The  latter,  communicating  with  sewers  running  east 
and  west,  outside  the  building,  conveyed  the  water  to  the  lowest 
points,  at  the  east  end  of  the  site,  from  which  it  was  discharged  into 
the  main  sewer  in  the  Kensington  Road,  by  an  egg-shaped  culvert 
of  4  feet  8  inches  sectional  area. 

THE  COLUMNS  AND  CONNECTING  FIECES  (Figs.  6,  7,  and  8). 


Fig.  6. 


Elevation  of  lower  portion  of  connecting  piece,  showing  its  attachment  to  a  column 
below,  and  to  the  girders  at  the  sides. 


Fig.  7. 


The  form  of  the  supporting  columns(Figs.6,7,  and  8)  was  suggested 
by  Sir  Charles  Barry.  The  horizontal  section  was  a  ring,  of  which  the 
external  diameter  was  uniformly  8  inches,  and  the  substance  of  metal 
was  proportioned  to  the  various  areas  of  roofing,  &c.,  to  be  supported 
at  each  point  on  the  plan.  The  minimum  thickness  of  the  columns 
thus  varied  from  £  inch  to  1  J  inch ;  but  the  sectional  area  was 
increased  by  the  addition  of  what  would  be  equivalent  to  four  fillets 
31  inches  by  5-32nds  of  an  inch,  cast  upon  the  opposite  portions  of 
the  ring,  and  facing,  when  fixed  in  situ,  north,  south,  east,  and  west. 
Four  snugs  were  cast  on  the  top,  and  four  on  the  bottom  of  the 
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columns  between  these  fillets.  Corresponding  snugs  were  cast  on  to 
connecting  pieces;  the  snugs  alternating  upon  the  same  plane  with 
the  projections  on  the  connecting  piece  which  served  to  carry  the 
girders.  Bolt-holes  were  cast  in  the  snags  of  the  columns,  and  in 


Fig.  8. 


Elevation  of  upper  portion  of  connecting  piece,  &c* 

those  of  the  connecting  pieces.  All  the  bedding  surfaces  were 
accurately  faced  in  a  lathe,  and  were  then  fitted  together  so  as  to 
enable  four  holts  to  pass  through  the  holes  in  the  snugs  of  the 
columns  and  connecting  pieces,  which  exactly  corresponded  to  one 
another.  Bolts  and  nuts  then  secured  them  in  their  places.  By 
these  arrangements,  connecting  pieces  might  be  placed  on  and 
attached  to  columns  ;  and  columns  might  in  turn  he  placed  on  and 
attached  to  connecting  pieces;  the  rigidity  of  the  whole  being 
secured  by  fixing  girders  at  right  angles  to  one  another  on  to  the 
projecting  snugs  cast  on  the  connecting  pieces.  The  main  arms  of 
the  cross  on  plan,  that  is,  the  avenues  72  feet  in  width,  or  the  nave 
and  transept,  together  with  their  aisles  of  24  feet  wide,  rose  three 
stories  in  height;  an  avenue  48  feet  wide,  and  an  aisle  24  feet  wide 
on  each  side  of  the  three  story  building,  rose  two  stories  in  height, 
and  the  whole  of  the  remainder  of  the  covered  area  was  one  story 
only  in  height.  The  gutter  level  of  the  three-story  portion  was  62 
feet  2  inches  from  the  floor;  that  of  the  two-story,  42  feet  2  inches; 
and  that  of  the  one-story,  22  feet  2  inches. 

These  constituted  in  effect  so  many  different  horizontal  planes  or 
strata  of  the  building,  and  from  the  ground-floor  upwards  to  the 
roof  in  the  three  -story  work  consisted,  first,  of  base-plates,  the  upper 
bearing  surface  of  which  rose  3J  inches  above  the  ground-floor ; 
secondly,  of  columns  1 8  feet  54  inches  long,  fixed  on  the  base¬ 
plates  ;  thirdly,  of  connecting  pieces,  3  feet  4|  inches  deep,  to  which 
were  attached  cast-iron  girders  24  feet  long,  serving  to  support  a 
gallery  floor  at  the  height  of  23  feet  from  the  ground-floor  ;  fourthly, 
of  columns  16  feet  7J  inches  long;  fifthly,  of  connecting  pieces  3 
feet  4f  inches  deep,  to  which  were  attached  transversely  in  one 
direction,  and  longitudinally  in  two  directions,  cast-iron  girders  24 
feet  long  of  similar  form  and  scantling  to  the  roof  girders,  in  order 
to  retain  all  the  columns  in  their  places  ;  sixthly,  of  columns  16  feet 
inches  long;  and  lastly,  of  connecting  pieces  3  feet  4J  inches 
deep,  to  which  were  attached  the  roof  trusses  and  girders  (Fig.  9). 

Fig.  9. 


The  corresponding  horizontal  strata  of  the  two-story  portion  of 
the  building  consisted,  first,  of  base-plates,  the  upper  bearing  surface 
of  which  rose  3f  inches  above  the  ground  floor;  secondly,  of 


columns  18  feet  5^  inches  long,  fixed  on  the  base-plates ;  thirdly,  of 
connecting  pieces  3  feet  4f  inches  deep,  to  which  were  attached 
cast-iron  girders  24  feet  long,  serving  to  support  a  gallery  floor,  at 
the  height  of  23  feet  from  the  ground-floor ;  fourthly,  of  columns 
16  feet  7J  inches  long;  and  fifthly,  of  connecting  pieces  3  feet  4} 
inches  deep,  to  which  were  attached  the  roof  trusses  and  girders. 

The  horizontal  strata  of  the  one-story  portion  consisted,  first,  of 
base-plates,  the  upper  bearing  surface  of  which  rose  3|  inches  above 
the  ground-floor;  secondly,  of  columns  18  feet  5|  inches  long, 
fixed  on  the  base-plates ;  and  lastly,  of  connecting  pieces  3  feet  4J 
inches  deep,  to  which  were  attached  the  roof  trusses  and  girders. 

From  these  dimensions  it  will  be  apparent,  that  at  23  feet  above 
the  floor  level  the  galleries(Fig.lO)  were  inserted,  which  formed  such 
striking  features  of  both  the  two  and  the  three  story  buildings.  These 
galleiies,  in  two  widths  of  24  feet  each,  with  frequent  connecting 
galleries,  extended  entirely  round  the  upper  portion  of  the  building^ 
and  were  supported  by  cast-iron  girders  23  feet  long,  similar  in 
form  to  those  which  supported  the  roof,  but  of  somewhat  heavier 
scantling. 

THE  GALLERIES  (Figs.  10  and  11). 


Fig.  10. 
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Plan  of  half  of  a  24-feet  bay  of  the  gallery  floor. 


Fig.  11. 


Details  of  elevation  of  truss  of  gallery  fi„or 


These,  as  were  all  the  girders,  were  single  castings  3  feet  deep, 
and  divided  into  three  parallelograms  of  3  feet  by  8  feet,  by  vertical 
struts,  connected  at  the  top  and  the  bottom  by  d’agonal  ties  and  struts 

(Fig.  11).  The  sectional 
areas  of  their  top  and  bottom 
flanges  in  the  centre  of  the 
length  of  thegirder,  equalled 
respectively  5  31  inches, 
and  7‘64  inches ;  those  of 
the  diagonal  struts  and  ties 
averaged  3  50  inches.  All 
these  girders  were  proved, 
in  the  building,  in  the  way 
shown  in  the  figure,  to  a 
strain  of  15  tons,  and  in  ex¬ 
ceptional  cases,  with  extra 
scantlings,  to  22  tons.  Their  breaking  weight  as  calculated  and  proved 
by  experiment,  was  not  less  than  30  tons.  The  binders,  which  served 
to  support  the  floor  of  these  galleries,  were  so  arranged  by  under- 
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trussing  by  means  of  cast-iron  shoes,  suspending  rods,  and  struts, 
as  to  take  their  bearing  upon  four  instead  of  upon  two  girders ;  and 
thus  any  accumulated  load,  or  vibration  on  a  portion  of  the  gallery, 
would  be  transferred  to  double  the  number  of  points  of  support  that 
would  have  been  available,  had  it  been  constructed  in  the  ordinary 


manner.  Joists  of  7  feet  9  inches  clear  bearing,  bridged  these 
binders ;  and  on  them  were  laid  a  floor  of  boards  l£  inch  thick,  with 
hoop  iron  tonguing  to  prevent  the  passage  of  dust,  &c.  Ten  double 
staircases,  each  8  feet  wide,  with  iron  railing,  designed  by  Mr.  Owen 
Jones,  afforded  access  to  these  galleries. 

The  strength  of  the  gallery  flooring  was  also  effectually  tested, 
by  packing  one  experimental  bay,  safely  arranged  for  the  men, 
with  labourers  as  thick  as  they  could  stand  together.  Three  hun¬ 
dred  at  once  ran  over  or  jumped  upon  it,  and  a  column  of  sappers 
filling  its  surface  marched  and  ran  over  it  in  step ;  finally,  a  set  of 
frames  in  chequers  containing  round  shot  of  68  lbs.  each  was  dragged 
over  the  surface,  and  thus  confined  to  a  small  area,  a  load  of  nearly 
20  tons  was  rolled  over  the  flooring  without  its  showing  any 
symptoms  of  weakness. 

The  external  inclosures  or  walls  present  themselves  next  for  con¬ 
sideration.  It  is  obvious  that  the  north  and  south  elevations,  with 
the  exception  of  the  transept  front,  must  consist  of  three  stories,  set 
back  at  various  distances  from  each  other. 

These  three  stories  were,  the  first,  or  ground  floor ;  the  second, 
or  gallery  floor ;  and  the  third,  or  clerestory  floor. 

On  the  ground  floor,  the  cast-iron  columns  which  carried  the 
transverse  roof-girders  of  the  one-story  building,  constituted  vertical 
divisions,  at  24  feet  from  centre  to  centre  ;  two  wooden  columns  or 
posts  of  precisely  similar  form,  placed  between  the  cast-iron  ones, 
divided  the  24  feet  space  into  three  bays  of  8  feet  each.  The  first 
horizontal  line  above  the  ground  was  a  sill  9  inches  by  3  inches, 
and  1^-  inch  above  the  floor  level ;  beneath  this  sill,  an  inclosure  of 
boards  formed  a  plinth,  against  which  rested  a  slope  of  turf,  at  an 
average  level  of  2  feet  above  that  of  the  adjacent  ground  line.  A 
second  sill,  9  inches  by  4  inches,  was  placed  at  a  clear  height  of  4 
feet  3J  inches  from  the  lower  one,  the  space  between  forming  a  kind 
of  dado,  and  being  filled  in  with  louvres  (to  be  described  under  the 
head  of  ventilation);  at  10  feet  6  inches  from  the  upper  surface  of 
the  second  sill  was  the  springing  line  of  a  light  cast-iron  arch,  which 
spanned  from  column  to  column,  and  assisted  in  supporting  the 
“  filling-in  frames.” 

These  were  sufficiently  deep  to  supply  the  idea  of  an  entablature, 
and  yet  so  light  and  open  as  not  to  appear  to  overload  the  slender 
proportions  of  the  columns,  and  were  backed  with  louvres  similar 
to  those  in  the  plinth.  The  parallelogram,  bounded  by  the  sides  of 
the  columns,  the  top  of  the  dado,  and  the  underside  of  the  “  filling- 
in  frame  ”  was  filled  in  on  an  inner  plane,  behind  the  arch  pieces, 
with  ploughed,  torigued,  and  beaded  boarding,  stiffened  by  stout 
ledges  on  the  inside.  Small  castings,  spanning  the  inner  face  of  the 
column,  screwed  to  these  ledges,  connected  them  together,  and  were 


themselves  fixed  to  the  columns  by  bolts  passing  completely  through. 
On  the  top  of  the  “filling-in  frame”  ran  a  boxing,  with  external 
mouldings,  and  behind  the  boxing  a  small  gutter ;  the  whole  sur 
mounted  by  a  cast-iron  ornamental  cresting,  1  foot  6  inches  high, 
attached  to  the  boxing  (see  Figs.  14  and  15). 

On  the  gallery  floor  the  upper  parts  of  the  columns  pig.  14. 
supporting  the  two-story  roof,  constituted  the  main 
vertical  lines.  The  space  between  was  divided  and 
filled  up  in  a  similar  manner  to  that  of  the  ground 
floor,  with  the  exception  that  there  was  no  dado, 
and  that  for  the  vertical  boarding  of  the  ground  floor 
a  glazed  sash  was  substituted.  The  frame  of  the 
sash  was  fixed  to  the  columns  by  castings  similar  to 
those  which  secured  the  ledges. 


THE  SASHES 

formed  an  important  portion  of  the  building,  no 
fewer  than  1500  of  them  being  required.  The  sash- 
frames  were  inches  thick,  with  seven  bars  in  their 
width;  the  sash-bars  were  2§ths  inches  deep,  double- 
grooved  for  the  glass;  three  bolts,  gths  inch  diameter, 
passed  completely  through  the  bars  and  frames,  at 
the  points  where  they  were  attached  to  the  columns, 
and  thus  a  chain  tie  was  kept  up  all  round  the 
building,  in  order  to  prevent  the  displacement  of 
the  sashes,  either  bodily  or  in  portions,  by  the 
pressure  of  the  wind.  To  further  guard  against  the 
same  action,  timber  bridges,  3.J  inches  by  1£  inch 
in  the  centre,  were  fixed  across  the  middle  of  the 
length  of  the  sash ;  and  at  the  internal  angles, 
where  the  wind  would  exert  its  greatest  force,  iron 
rods  J-inch  diameter,  were  fastened  from  column 
to  column,  pressing  against  the  wooden  bridge,  and 
converting  it  into  a  continuous  strut,  bearing  up 
against  any  force  applied  to  the  exterior  of  the  sash. 
In  order  to  glaze  the  sashes  the  glass  was  slipped 
down  between  the  bars,  and  provision  was  made  for 
the  repairs  by  causing  one  groove  to  be  cut  deeper 
than  the  other,  so  that  the  glass  might  be  slipped 
in  from  either  side,  and  puttied  into  its  exact  place. 
Similar  provision  was  made  for  mending  the  roof- 
glass. 

On  the  third,  or  clerestory  floor,  the  external 
main  vertical  divisions  were  formed  by  the  upper 
portion  of  the  three-story  columns,  and  the  filling-in 
between  them  corresponded  exactly  with  that  of 
the  gallery  floor. 

The  east  and  west  elevations,  as  our  Plate  No.  3 
indicates,  were  simply  vertical  sections  through  the 
main  building,  filled  in  with  facework  similar  to,  and 
ranging  with,  that  of  the  three  stories  of  the  north 
and  south  elevations. 

The  elevations  of  the  transept  ends  corresponded 
with  those  of  the  east  and  west,  with  the  exception 
of  the  addition  of  a  semicircular  head  filled  with 
concentric  and  radiating  tracery. 


Vertical  section 
of  the  facework 
of  the  lower  tier. 


TIIE  ROOF  GIRDERS  AND  TRUSSES  (FigS.  16  to  21). 

We  proceed  to  the  net-work  of  girders  and  trusses  immediately 
supporting  the  roof.  The  main  gutters,  upon  which  the  “  Paxton 
gutters”  were  fixed,  ran  transversely,  spanning  the  various  avenues 
leading  from  end  to  end  of  the  building,  except  wher '  it  was  crossed 
by  the  transept. 

These  avenues  were  all  either  24  feet,  48  feet,  or  72  feet  wide  ; 
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of  these  avenues  there  were  six  24  feet  wide,  five  48  feet  wide,  and 
one  (the  central)  72  feet  wide.  To  span  these  widths  at  least  three 
kinds  of  trusses  were  necessary.  All  the  trusses, 
with  the  exception  of  four,  were  3  feet  deep,  and 
had  perpendicular  struts  of  cast-iron,  fixed  at  dis¬ 
tances  of  8  feet  from  centre  to  centre,  connecting 
the  top  and  bottom  bars.  The  whole  parallelo¬ 
gram,  formed  by  the  length  and  width  of  the  trusses, 
was  thus  divided  into  smaller  parallelograms  of  8 
feet  by  3  feet,  the  four  angles  of  which  were  diagonally 
connected  by  various  materials,  but  of  uniform 
width  on  the  face,  and  thus  regularity  of  form  was 
obtained.  The  trusses  of  72  feet  and  48  feet  span 
consisted  of  cast-iron  standards  and  vertical  struts, 
an  upper  portion  formed  of  two  pieces  of  angle  iron,  set  1  inch  apart, 
a  bottom  portion  of  two  bars,  increasing  in  sectional  area  as  they 
approached  the  centre  of  the  bearing  and  tie-bars,  which,  passing 
diagonally  between  the  two  pieces  of  angle  iron  in  the  upper  portion 
and  the  two  bars  in  the  lower,  were  rivetted  to  them,  and  formed 
a  complete  suspension  truss.  The  remaining  diagonals  in  the 
opposite  direction,  which  would,  if  in  action,  be  under  compression, 
were  constructed  of  wood,  and  only  inserted  for  appearance,  it  being 
thought  better  to  resist  the  diagonal  strains  by  tension  alone,  rather 
than  partly  by  diagonal  suspension  bars,  and  partly  by  diagonal 
struts. 


Fig.  13. 
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Section  of  l>ox- 


gutters  on  trusses. 


The  trusses  and  girders  were  submitted  to  the  following  proof¬ 
loads  : — 


72  foot  truss. — Weight,  35  cwts. ;  Camber,  inches. 

Sectional  area  of  top  weh  =  5'71  square  Inches. 

Do.  “  bottom  web  =  G'75  square  inches. 

Do.  “  largest  diagonal  tye  =  3-38  square  inches. 


r roof-loads  and  deflf.ctions. 


4  tons,  ... 

1-250  inches  at  cent 

G  “  ... 

2  500  “  “ 

8  “  ... 

3-375  “  “ 

10  “  ... 

4-125  “ 

12  “  ... 

5-000  “  “ 

14  “  ... 

5-625  “  “ 

1G  “  ... 

G-500  “ 

48  foot  truss. — Weight,  13  cwts.;  Camber,  4  inches. 


Sectional  area  of  top  web  =  S'OO  square  inches. 

Do.  “  bottom  web  =  3  38  square  inches. 

Do.  “  largest  diagonal  tye  =  2’75  square  inches. 


PROOF-LOADS  ASD  DEFLECTION’S. 


2 '50  tons, 
5-00  “ 

7-50  “ 

875  “ 
10  00  “ 


0  500  inches. 

1- 500  “ 

2- 125  “ 

2- 375  “ 

3- 000  “ 


Fig. 1G: 

~j  o  r\ 


The  girders  of  24  feet 
long  were  single  castings, 
corresponding  in  form  to 
those  which  supported 
the  galleries,  the  arrange¬ 
ment  and  scantlings  oi 
the  various  partsof  which 
were  elaborately  studied 
and  balanced.  Every 
one  of  these  trusses  was 
proved,  in  the  building, 
with  a  strain  of  nine  tons. 

The  proportioning  the 
parts  of  the  girders  and 
of  all  other  parts  of  the  , 

structure  to  their  precise  ' 
and  respective  strains, 
was  committed  to  the 
late  Mr.  C.  H.Wild,C.E., 
and  the  accuracy  with 
which  a  perfect  balance 
of  strength  was  obtained 
in  all  parts  of  the  cast 
girders,  was  remarkable. 

It  was  obtained  no  doubt 
to  a  great  extent  by  trial  and  error,  adding  to  or  taking  from  the 
pattern,  until  uniform  strength  was  obtained. 

In  several  of  the  girders  that  were  broken  purposely  or  otherwise 
in  proof,  fracture  almost  always  took  place  simultaneously  at  many 
different  points. 

To  the  late  Sir  William  Cubitt,  then  president  of  the  Institution, 
was  committed  the  final  responsibility  as  to  strength  of  all  the  parts 
of  the  structure,  and  his  advice  and  great  practical  experience  were 
no  doubt  of  great  value,  and  enabled  the  commissioners  to  repose  in 
confidence  upon  his  veto  being  put  upon  any  thing  hazardous  or 
unsafe 


The  24-foot  cast-iron 
heavy  girder,  weight  11 
cwt.  3  qrs.,  sustained  30 
tons,  but  broke  with  30  5 
tons  into  many  fragments 
at  the  same  instant. 

The  24-foot  roof 
girders  only  weighed  9 
cwt.  2  qrs.  There  were 
throughout  the  whole 
building  nine  varieties  of 
these  girders,  in  24-foot 
wooden  trusses,  24-foot 
cast-iron  girders  of  three 
different  strengths,  24- 
foot  wrought- iron  trusses, 
48-foot  wrought-iron  do., 
and  72-foot  wrought-iron 
trusses  in  three  strengths. 

The  proof  loads  of 
which  the  deflections  are 
given  above,  were  all 
uniformly  distributed 
along  the  top  webs. 
The  proofs  applied  to 

the  cast-iron  girders  were  rather  different. 

The  girder,  grasped  on  edge  between  cast-iron  jaws  at  each  end, 
was  exposed  to  the  pressures  produced  by  two  hydraulic  cylinders, 
applied  at  points  8  feet  apart,  and  therefore  dividing  the  length  of 
the  girder  into  three  equal  segments.  The  load  thus  applied,  though 
giving  less  effective  stress  than  the  same  uniformly  diffused,  was 
applied  at  the  points  of  actual  strain  in  use.  The  pressure  of  the 
hydraulic  cylinders  was  measured,  by  another  loaded  ram  of  known 
area. 

Four  of  the  72-foot  girders  differ  from  the  others  in  depth,  and 


Klevation  of  ordinary  72  feet  truss. 
Fisr.  17. 


Front  and  side  elevations  Front  and  side  elevations  of  cast-iron  girder.  of  vertical  struts,  or  inter- 
of  end  standards  to  72  feet  mediate  standards  to  72 

and  48  feet  trusses.  and  48  trusses. 
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performed  such  important  functions  as  to  warrant  a  separate  notice. 
They  supported  the  lead  flat,  covering  two  bays  (each  24  feet  by  72 
feet)  of  the  main  avenue,  where  it  abutted  upon  the  eastern  and 
western  sides  of  the  transept,  and  a  pair  of  them  carried,  in  addition, 
the  two  semicircular  ribs,  which,  at  24  feet  from  centre  to  centre, 
formed  the  main  beams  on  which  the  semi-cylindrical  roofing  rested, 
over  the  square  where  the  transept  roof  crossed  the  main  longi¬ 
tudinal  avenue. 

These  trusses  were  twice  the  depth  of  all  the  others,  and  the 
scantlings  considerably  increased.  In  this  extra  depth  the  vertical 
struts  remaining  at  8  feet  from  centre  to  centre,  and  the  tension  bars 
continuing  the  same  in  number,  and  being  set  at  the  same  angle  as 
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those  in  the  ordinary  trusses  of  72  feet  span,  the  lines  arranged 
themselves  into  a  lattice-form  two  diamonds  in  depth,  the  inter¬ 
secting  diagonal  bars  passing  through  slots  cast  in  the  middle  of  the 
cast-iron  struts.  Although  the  form  thus  appeared  that  of  a  com¬ 
pound  truss,  these  were  suspension  trusses  only.  In  order  to  relieve 
the  ordinary  columns  of  much  of  the  weight  insistent  upon  these 
trusses,  additional  columns  were  placed  beneath  their  two  ends, 
secured,  at  frequent  intervals,  to  the  ordinary  columns  by  wrought- 
iron  clips. 

THE  EXTRA-STRONG  TRUSSES. 

(Figs.  22  to  20). 


Fig.  22. 


THE  TRANSEPT  (ROOFING)  OF  SEMICIRCULAR  RIDS. 

(Figs.  30  to  33). 

These  great  curved  ribs  were  made  in  three  thicknesses  of  timber, 
each  9  feet  6  inches  long,  cut  into  segments  of  a  circle  74  feet  extreme 
diameter,  the  central  thickness  being  4  inches  by  13J  inches,  and 
the  outer  flitches,  breaking  joint  with  the  centre,  being  2  inches  by 
1 3j  inches.  The  flitches  were  nailed  to  the  centre  thickness,  and 
bolts  §  of  an  inch  in  diameter,  and  about  4  feet  apart,  passed 
through  and  bound  together  the  three  thicknesses ;  on  the  extrados 
of  the  wooden  arch  thus  formed,  two  planks,  serving  as  the  gutter- 
board,  each  11  inches  by  1  inch,  and  a  bar  of  iron  2  inches  by  gths 
of  an  inch,  were  bent  to  the  curve  ;  and  on  the  intrados  a  piece  of 
timber,  7  inches  by  2  inches,  moulded  to  correspond  with  the  half 
form  of  the  columns,  and  a  bar  of  iron  3£  inches  by  gths  of  an  inch, 


were  also  bent  to  the  curve ;  bolts  passed  through  the  depth  of  the 
rib,  at  intervals  of  2  feet  from  centre  to  centre,  united  these  all  to 
each  other  and  to  the  main  rib,  which  thus  measured,  when  com¬ 
plete,  8  inches  by  1  foot  6  inches.  The  ends  were  stepped  down 
upon  a  plate  9  inches  by  6  inches,  bearing  on  the  top  of  the  two 
trusses,  on  each  side  of  the  transept. 

In  order  to  steady  the  ribs,  purlins  4)  inches  by  9  inches  to  13 
inches,  and  9  feet  2  inches  apart,  were  introduced  between  them  ; 
and  on  the  top,  from  end  to  end,  a  narrow  path  of  lead  flat  ran  the 
whole  length  of  the  transept,  for  the  purpose  of  affording  convenient 
access  for  any  repairs  necessary.  Diagonal  rods,  intersecting  each 
other  in  planes  parallel  to  a  tangent  to  the  curve,  also  connected 
the  ribs,  and  presented  any  end  on  sway,  while,  at  the  same  time, 
their  lines  formed  reticulations  over  the  surface  of  the  vault,  pro¬ 
ducing  an  agreeable  effect  in  perspective. 

The  flat  roofed  parts  of  the  building,  and  especially  of  the  great 
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centre  aisle  supported  wholly  upon  parallel  trusses,  upon  the  tops 
of  the  highest  columns,  demanded  that  lateral  stability  should  be 
conferred  upon  the  trusses  themselves,  so  that  they  could  not  topple 
over. 

This  was  effected  partly  by  the  ingenious  modification  of  the 
connecting  pieces  over  the  columns,  for  the  full  description  of  which 


ment  of  the  ridge  and  furrow  roof,  and  particularly  that  ingenious 
modification  of  it  with  diagonal  sash  bars  to  suit  a  bent  or  curved 
surface  of  roof,  belongs  as  author  entirely  to  Sir  J.  Paxton. 

The  semicircular  ribs  of  the  transept  are  72  feet  span,  placed  24 
feet  apart  from  centre  to  centre,  and  are  crossed  by  rectangular  wood 
purlins  at  distances  of  9  feet  2  inches,  and  between  these,  at  dis- 


Fig.  32. 


llfilf  section  of  arched  roof  to  transept,  with  the  lead  flat 


Detail  of  the  foot  of  arched  rib  on  column,  and  the  adjoining  parts. 


we  must  refer  to  Mr.  C.  Downes’s  large  work;  but  much  lateral 
stability  was  produced  by  the  crossing  over  the  girders  at  intervals 
of  8  feet  apart  of  the  Paxton  gutters  which  were  secured  to  the 
girders  at  every  intersection. 

The  roofing  in  of  every  part  of  the  building,  with  the  exception 


of  the  small  portion  covered  with  head  flats,  was  executed  in  the 
Paxton  ridge  and  furrow.  In  the  figures  already  given  of  the  semi¬ 
circular  vault  of  the  transept,  it  will  be  observed  that  its  external 
glass  surface  is  not  a  plain  curved  one,  but  is  in  fact  a  bent  ridge 
and  furrow ;  the  alternate  ridges  and  valleys  being  in  the  line  of 
the  axis  of  the  vault,  and  the  outer  edges  of  the  great  semicircular 
ribs  forming,  in  fact,  the  gutters  between.  In  the  Crystal  Palace 
roof  at  Sydenham  some  departure  was  made  from  this  last;  galvan¬ 
ized  iron  gutters,  with  certain  light  cast  appendages,  having  been 
superimposed  upon  the  exterior  of  the  semicircular  ribs,  or  sub¬ 
stituted  for  them  altogether. 

The  area  of  the  transept,  29,376  square  feet,  thus  covered,  presents 
a  general  similarity  to  that  adopted  by  Mr.  Paxton  for  the  great 
conservatory  at  Chatsworth  ;  and  unquestionably  this  peculiarity  of 
detail  in  the  whole  of  the  great  building  of  1851,  viz.,  the  arrange- 


tances  of  8  feet,  are  framed  the  smaller  ribs,  which  form  the  water 
course  or  gutters,  as  well  as  the  extrados  of  the  great  libs,  as  already 
described ;  the  rain-water  fiually  passing  on  to  the  lead  flats  at 
either  side  of  the  springing  level  of  the  ribs,  and  thence  down  the 
columns,  and  away  as  already  mentioned. 

MODE  OF  RAISING  THE  TRANSEPT  RIBS  (Fig.  34). 


No  operation  about  the  erection  of  the  building  was  viewed  with 
more  anxiety  by  all  entrusted  with  its  progress,  than  was  the 
difficult  and  hazardous  one  of  elevating  and  hoisting  into  their 
places  those  vast  and  ponderous  transept  ribs.  Nor  was  there 
any  one  of  the  many  interesting  parts  of  the  work  in  which  the 
general  public  appeared  to  evince  so  much  curiosity.  Visible  at 
a  distance  as  the  more  elevated  portions  of  the  operations  were, 
the  gradual,  steady,  and  safe  ascent  of  those  heavy  and  most 
awkwardly-  shaped  pieces  was  view  d  from  day  to  day  by  hundreds 
of  persons  collected  in  crowds  upon  the  roads  near  the  building. 
The  operation  was  conducted  in  person,  as  we  ourselves  recol¬ 
lect,  by  Mr.  (now  Sir  Charles)  Fox,  and  we  believe  the  method 
of  procedure  was  contrived  altogether  by  himself. 

The  ribs  were  constructed  and  put  together  horizontally  on  the 
ground  ;  and  when  completed  with  all  their  bolts,  two  of  them  were 
reared  on  end,  and  maintained  in  a  vertical  position,  at  a  distance 
of  24  feet  from  each  other,  by  guy -ropes.  As  the  ribs  possessed 
little  lateral  stiffness,  they  were  framed  together  with  the  purlins, 
intermediate  small  ribs,  and  diagonal  tie-rods,  forming  a  complete 
bay  of  the  roof,  24  feet  long.  Two  complete  sets  of  temporary  ties 
were  also  introduced,  to  provide  for  the  strains  incident  to  the  varia¬ 
tions  in  the  position  of  the  ribs,  during  the  hoisting .  the  feet  of  the 
ribs  were  bolted  on  to  a  stout  sill,  and  the  lower  purlins  were  strutted 
up  from  it.  The  whole  framework  was  then  moved  on  rollers  to 
the  centre  of  the  square  formed  by  the  intersection  of  the  transept, 
and  the  main  avenue,  whence  it  was  hoisted ,  all  the  ribs  were 
landed  over  this  square,  and  were  afterwards  moved,  parallel  to  their 


Fig.  33. 
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own  plane,  on  a  tramway  to  their  permanent  positions.  This  tram¬ 
way,  formed  of  half  balks,  was  constructed  over  the  columns  on 
each  side  of  the  transept,  at  a  height  of  about  4  feet  above  the 
lead  flat. 

Fig.  34. 


Section  through  the  transept,  showing  the  arrangements  for  hoisting  the  semi¬ 
circular  ribs.  The  dotted  lines  indicate  the  various  positions  of  the  ribs 
during  the  hoisting. 

The  hoisting  tackle  consisted  of  four  crabs,  each  one  being  placed 
on  the  side  of  the  transept,  opposite  to  the  part  of  the  ribs  to  be 
lifted  by  it,  so  that  the  men  at  the  crabs  might  watch  the  effect  of 
their  own  operations  with  greater  convenience.  The  hoisting-shears 
were  placed  on  the  lead  flat,  immediately  over  the  deep  trusses  of 
72  feet  span  ;  each  set  consisted  of  three  stout  scaffold-poles, 
lashed  together  at  the  top,  bearing  on  planks  laid  across  the  flat, 
and  secured  by  the  necessary  guy-ropes.  The  hoisting  rope 
passed  from  each  of  the  crabs,  across  the  transept  to  a  leading 
block  attached  to  the  foot  of  the  column  in  the  opposite  angle 
of  the  square  ;  it  then  passed  up  to  a  treble  block  attached  to  the 
shears,  and  from  thence  down  to  a  double  block,  secured  by  chains, 
to  the  bottom  part  of  the  ribs.  The  extreme  width  of  the  frame¬ 
work  to  be  hoisted  was  74  feet,  and  as  the  clear  width  apart  of  the 
trusses,  above  which  it  had  to  be  hoisted,  was  only  71  feet  4  inches, 
it  was  necessary  to  raise  one  side  to  a  height  of  35  feet  before 
lifting  the  other,  so  as  to  diminish  the  horizontal  width.  The 


The  foot  of  the  set  of  ribs  was  then  passed  over  the  tram¬ 
way,  high  enough  to  allow  the  other  side  of  the  ribs  to  clear  the 
opposite  truss,  after  which  the  whole  was  hoisted  to  the  full  height, 
and  rested  on  rollers  of  hard  wood,  placed  between  the  sills  attached 
to  the  framework  and  the  tramway,  by  means  of  which  it  was  moved 
to  its  permanent  position.  There  it  was  again  raised  by  another  set 
of  shears,  while  the  sill  and  tramway  were  removed,  and  the  ribs 
were  then  lowered  into  the  sockets  prepared  for  them,  which,  in 
fact,  formed  a  continuation  of  the  columns  above  the  level  of  the 
lead  flat. 

Each  successive  pair  of  ribs  was  fixed  at  a  distance  of  24  feet,  or 
one  bay  from  the  preceding  one,  and  the  purlins,  &c.,  were  placed  in 
this  space  by  means  of  jointed  ladders,  which  were  adjusted  to  the 
curved  form  of  the  roof,  and  thus  all  scaffolding  was  avoided. 

The  first  pair  of  ribs  was  hoisted  the  4th  of  December,  1850,  and 
the  eighth  pair  on  the  12th  of  the  same  month.  It  took  about  one 
hour  to  raise  each  pair  from  the  ground  to  the  level  of  the  lead 
flat,  and  the  whole  was  completed  without  the  occurrence  of  any 
accident. 

About  sixty  men  were  employed  in  hoisting,  there  being  eleven 
men  to  each  crab,  and  the  remainder  engaged  on  the  lead  flats. 

The  greatest  difficulty  to  be  apprehended  was  from  windy  weather. 
One  of  the  combined  ribs,  we  believe,  owing  to  some  single  piece  of 
the  united  system  of  tackle  giving  way,  did  fall  a  few  feet,  but  with¬ 
out  sustaining  material  damage ;  and  the  whole  of  this  arduous  part 
of  the  work  was  completed  in  safety. 

THE  “  PAXTON”  ROOFING  fFigS.  35  to  41). 

No  description,  however  slight,  of  the  building  of  1851  can  omit 
Fig.  35 


Fig.  36. 


Fig  37. 


Fig.  38. 


Fig.  39. 


diameter  of  the  semicircle  being  maintained  at  this  angle,  the  whole 
was  then  hoisted,  until  the  highest  end  could  clear  the  tramway. 


m 

Section  of 
u  Paxton-gutter”  ‘ 
through  the  centre. 


Section  of 
Paxton-gntter*' 
at  the  end. 


a  preference  to  the  peculiar  form  of  wood  framed  and  glass  roofing, 
which  has  received  from  its  inventor  the  name  of  Paxton’s  Roofing. 
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Its  cheapness  and  facility  of  execution  contributed  much  to  the 
rapid  and  successful  completion  of  the  undertaking.  In  order  to 
convey  the  rain-water  to  the  hollow  columns,  transverse  gutters 
24  feet  apart  extended  the  entire  width  of  the  building.  These 
transverse  gutters  were  capacious  wooden  boxes,  strongly  framed 
and  attached  to  the  upper  flange  of  the  main  trusses,  which  crossed 
the  building,  false  bottoms  being,  in  some  cases,  inserted  to  assist 
the  flow  of  the  water.  At  intervals  of  8  feet  from  centre  to  centre, 
with  their  ends  resting  on  the  box-gutters,  were  fixed  the  triple- 
channeled  “  Paxton-gutters”  for  conveying  away  simultaneously 
the  rain-water  falling  on  the  roof,  and  the  condensed  vapour  formed 
inside  the  glass,  and  of  which  a  length  of  24  miles  and  upwards 
was  laid.  Each  length  of  these  consisted  of  a  piece  of  the  best 
Memel  timber,  5  inches  by  6  inches  and  24  feet  long.  The  form 
was  given  by  passing  it  through  an  ingenious  machine  with  several 
revolving  cutters,  which  at  once  reduced  the  piece  of  square  timber 
to  the  finished  section.  At  one  operation  this  machine  scooped 
from  the  middle  of  the  upper  surface  of  the  timber,  and  throughout 
its  whole  length,  a  nearly  semicircular  groove  about  If  inch  radius, 
and  at  the  same  time  cut  two  smaller  grooves  downwards  at  an 
oblique  angle  to  its  sides ;  the  object  of  the  larger  groove  being  to 
receive  and  convey  to  the  box-gutters  the  roof-water,  and  that  of 
the  smaller  grooves  to  receive  the  moisture,  which,  condensing  upon 
the  inside  of  the  roof,  trickled  down,  adhering  by  capillary  attrac¬ 
tion,  and  finally  deposited  itself  in  the  smaller  grooves,  by  which 
it  was  conducted  to  the  box-gutters.  On  leaving  the  machine,  the 
“  Paxton-gutter”  was  too  slight  for  a  bearing  of  24  feet,  and  was 
straight,  so  that  the  water  in  it  would  not  have  any  fall ;  both  these 
defects  were  remedied  by  trussing  it  into  a  curve,  by  means  of  a 
wrought-iron  bolt,  13-16ths  of  an  inch  diameter,  screwed  at  both 
ends,  and  bent  so  as  to  pass  under  and  press  up,  to  the  underside  of 
the  wood,  two  cast-iron  struts  9  inches  long ;  the  ends  of  tl  e  bolt 
being  passed  through  holes  in  the  two  cast-iron  shoes,  fixed  at  the 
ends  of  the  gutters,  and  the  nuts  on  the  ends  of  the  bolts  being 
screwed  up,  the  bolt  was  tightened,  and  a  camber  of  2^  inches  given 
to  the  gutter,  so  that  the  whole  became  a  suspension  truss,  requiring 
a  weight  of  1 J  tons  to  break  it.  A  semicircular  jaw  was  then  cut  out 
of  the  depth  of  the  gutter  at  each  end,  so  that  when  two  were  placed 
end  to  end,  the  water  flowed  down  into  the  box-gutter  through  a 
circular  cavity;  two  oblique  cuts  were  also  made  to  connect  tbe 
condensed  water  with  this  cavity,  and  twenty-seven  notches  marked 
from  a  template,  were  worked  on  each  side  of  the  upper  edge  of  the 
“  Paxton-gutters,”  whose  ends  were  then  attached  to  a  flanged 
plate,  bolted  on  to  the  edges  of  the  box-gutters.  Of  the  notches  on 
each  side  of  the  “  Paxton-gutter,”  three  were  larger  than  the  others, 
and  on  them  bars  of  wood  2  inches  by  1J  inches,  grooved  for  glass 
on  both  sides,  were  notched  down;  these  bars  formed  principal 
rafters,  and  being  set  at  a  pitch  of  two  and  a-half  to  one,  were  fixed 
to  a  ridge  3  inches  by  3  inches  grooved  for  glass  on  both  sides ;  the 
long  edge  of  a  sheet  of  glass  4  feet  1  inch  by  10  inches  was  then 
inserted  in  the  groove  of  the  principal  rafter,  and  a  sash  bar  1  inch 
by  1J  inch,  also  double  grooved,  was  then  put  on  to  the  other  long 
edge  of  the  glass,  bedding  on  putty  about  inch  wide ;  a  little  force 
applied  at  the  lower  end  brought  the  upper  edge  of  the  glass  home 
into  the  groove  in  the  ridge.  The  glass  having  been  then  pressed 
down,  the  putty  was  made  good  in  the  grooves  externally,  and  thus 
simply  and  rapidly  was  this  system  of  roofing  put  together.  Light¬ 
ness  is  one  of  its  qualities,  since  the  entire  weight  of  one  superficial 
foot  averages  only  3£  lbs.,  glazed  with  sheet-glass  of  about  1  -13th 
of  an  inch  in  thickness,  and  weighing  16  ounces  to  the  square  foot ; 
however,  in  this  respect  the  “  Paxton-roof”  is  not  materially,  if  it  all 
exceeded  (taking  a  large  area  of  roof  together)  by  the  lightness  that 
can  be  obtained  from  light  iron  rafter  roofing,  with  wood  purlins 
and  sash-bars,  of  say  30  to  50  feet  span,  the  whole  surface  being 
covered  with  glass  only. 


The  rapidity  with  which  this  “  Paxton-roofing”  was  glazed  was 
greatly  due  to  the  glazing  machines  contrived  by  Sir  Charles  Fox, 
by  means  of  which,  without  any  scaffolding,  the  operation  of  glaz¬ 
ing  was  carried  on  independently  of  weather. 

THE  GLAZING  MACHINE  (Fig,  42). 

By  means  of  seventy-six  of  these  machines  nearly  the  whole  of 
the  work  was  executed.  The  stage  was  about  8  feet  square,  and  it 
rested  on  four  small  wheels,  which  travel  in  the  “  Paxton-gutters.” 
It  thus  embraced  one  bay  of  a  span  of  8  feet  of  the  roof,  or  one 
ridge  and  two  sloping  sides  ;  each  bay  in  width  required  a  separate 
stage.  The  stage,  occupied  by  two  workmen,  was  covered  by  an 
awning  of  canvass,  stretched  over  hoops  to  protect  them  in  bad 
weather,  and  was  provided  with  two  boxes,  to  contain  a  store  of 
glass.  The  sash- bars  and  other  materials  were  piled  upon  the  stage 
itself,  the  centre  of  the  platform  being  left  open  for  the  convenience 
of  hoisting  up  materials. 


Travelling  stage  for  glazing  tlie  roofs. 

A.  Box  for  glass.  B.  Trussed  girder.  C.  Frame  to  support  the  covering  used  in 
wet  weather. 

Whilst  working,  the  men  sat  at  one  end  of  the  platform  (the 
ridge  having  been  previously  placed  in  position  by  means  of  the 
extra-strong  sasli-bars),  and  fixed  the  glass  in  front  of  them,  pushing 
the  stage  backwards  as  they  completed  each  pane.  On  coming  to 
the  strong  sash-bars  which  were  previously  fixed,  they  temporarily 
removed  them  to  allow  the  stage  to  pass,  and  thus  each  stage 
travelled  uninterruptedly  from  the  transept  to  the  east  and  west 
ends  of  the  building. 

The  average  amount  of  glazing  done  by  one  man  per  day  was 
fifty-eight  squares,  or  about  200  superficial  feet,  and  the  largest 
amount  done  by  any  one  man  in  a  working  day. 

THE  PAINTING  MACHINE  (Fig.  43). 

An  ingenious  machine  was  contrived  by  Mr.  E.  A.  Cowper  for 
painting  the  sash-bars.  A  trough  being  filled  with  liquid  colour, 
the  sash-bars  were  plunged  into  it,  and  were  taken  out,  by  being 
passed  through  a  series  of  brushes  set  at  such  angles  to  each  other 
as  to  entirely  remove  the  superfluous  paint,  and  to  leave  the  sash- 
bar  as  neatly  finished  as  it  could  have  been  by  hand  ;  thus  invert¬ 
ing  the  usual  process  of  painting,  the  paint  being  in  fact  not  brushed 
on,  but  brushed  off 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  18C2. 


15 


We  regret  that  space  will  not  enable  us  to  produce  engravings  of 
the  several  other  extremely  ingenious  and  effective  machines  for 

Fig.  43 


Machine  for  painting  the  sam-hars. 

A.  Trough  for  holding  paint.  13.  The  brushes.  C.  Spout  for  Taste  paint. 

wood-cutting,  and  other  purposes,  that  were  employed.  Many  of 
these  are  to  be  found  in  the  official  Catalogue  and  Reports  of  the 
Juries. 

THE  PROVISIONS  FOR  STIFFENING  THE  BUILDING. 

In  order  to  maintain  the  stiffness  and  steadiness  of  the  building 


necting  pieces  above  the  galleries,  in  the  direction  from  east 
to  west,  and  were  attached  to  them  in  a  manner  similar  to 
the  other  girders.  Of  these  there  were  eighteen  rows  on  the 
various  levels  of  the  building. 

The  Paxton-gutters  and  the  facewoik  added  considerably  to 
the  good  results  obtained  by  the  insertion  of  these  longitudina’ 
girders. 

In  thus  providing  for  the  rigidity  of  the  connections  of  the 
various  portions  of  the  building,  care  was  taken,  bv  the  sub¬ 
stitution  in  certain  places  of  oak  for  iron  keys,  to  provide  for 
the  play  of  the  metal  by  expansion  and  contraction  produced 
by  variations  of  temperature. 


keys  should  be  of  iron;  for  two  reasons,  first,  because  the  length, 
divided  into  two  portions  by  the  nave,  was  not  sufficiently  great  to  ren¬ 
der  the  probable  amount  of  expansion  or  contraction  of  anj7  practical 
importance,  and  secondly,  because  it  was  upon  the  side  of  the  build¬ 
ing  that  the  currents  of  wind  would  impinge  with  the  greatest  force. 

In  the  longitudinal  direction,  iron  keys  were  inserted  for  six  bays 
from  the  extreme  east  and  west  ends,  and  for  six  bays  east  and  west 
of  the  transept,  the  intervening  girders  being  keyed  up  with  oak 
keys  ;  and  thus  rigidity  was  supposed  to  be  maintained  in  those  parts 
exposed  to  strain,  whilst  elasticity  was  presumed  to  have  been  provided 
in  the  portions  of  the  building  least  subject  to  strain  from  without. 

Twenty-two  sets  of  horizontal,  and  two  hundred  and  twenty  sets 
of  vertical  diagonal  bracing,  consisting  of  wrought-iron  rods  secured 
by  wrought-iron  links  to  the  columns  and  connecting  pieces,  and 
meeting  in  adjustment  plates,  were  inserted  as  a  measure  of  extra 
precaution,  tying  the  main  masses  of  the  structure  together;  and  to 


these,  which  converted  the  building  considered  as  a  whole,  from  a 
mere  cancellated  mass  of  rectangular  framing,  and,  with  slight  lateral 
rigidity,  iuto  true  diagonal  framing,  much  of  its  stability  must  be 
ascribed. 

hie  ventilation  (Figs.  44  and  45), 

This  was  obtained  bj7  means  of  louvres  set  in  boxings,  inserted 
behind  the  “  filling-in”  frames  of  each  of  the  three  stories  of 
the  building— and  in  the  dado,  between  the  loVer  and  upper 
sills  on  the  ground  floor.  At  the  springing  of  the  transept 
roof,  a  line  of  louvres  was  inserted  on  both  sides,  3  feet  8 
inches  high,  running  the  whole  length  of  the  transept ;  and  at 
the  very  summit  of  the  curved  roof,  ventilation  was  obtained 
in  the  gables  of  the  roofing,  where  interrupted  by  the  narrow 
path  of  upper  lead  flat.  The  total  quantity  of  ventilating 
area  in  the  louvres  was  about  45,000  feet,  in  addition  to 
which  large  volumes  of  air  were  necessarily  introduced  at  the 
numerous  doorways.  The  louvre  frames  on  the  ground  floor  con¬ 
sisted  of  boxes,  in  which  eight  louvre  blades  of  galvanized  iron  G£ 
inches  wide,  were  fixed  on  pivots  at  6  inches  from  centre  to  centre, 
and  so  curved  as  to  offer  the  minimum  interruption  to  the  ingress, 
or  egress  of  air  (when  open),  compatible  with  keeping  them  weather- 
tight.  Small  iron  brackets,  attached  to  the  centre  of  each  blade, 
were  furnished  with  eyes,  through  which  were  inserted  pins,  passing 
also  through  holes  bored  at  equal  distances  from  one  another,  in  a 
species  of  rack ;  by  drawing  these  racks  up  and  down,  the  opening 
and  closing  of  the  ventilators  was  effected.  A  number  of  these  racks 
attached  to  levers  were  set  in  motion  by  rods  and  cranks,  producing 
the  simultaneous  action  of  a  considerable  number,  and  at  the  same 
time  securing  the  uniform  position  of  the  louvre  blades  at  any 
desired  angle.  For  the  details  of  these  arrangements,  we  must  refer 
to  Mr.  C.  Downes’  work. 

Large  as  were  the  means  of  ventilation,  the  temperature  at  times 
upon  some  of  the  hottest  sunny  days,  and  at  their  most  crowded 
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Part  elevation  and  section  ot  one  of  the  louvre  frames. 

periods,  became  oppressive.  We  have  not  been  able  to  find  in  any 
of  the  official  documents  registries  of  the  daily  temperature  during 
the  Exhibition ;  but  such  were  no  doubt  kept,  and  would  be  valu¬ 
able,  if  discussed  in  relation  to  the  building.  Great  surfaces  of  calico 
were  spread  outside  the  glass  roofing  upon  the  sides  most  exposed 
to  the  sun,  to  intercept  part  of  his  rays.  The  effect  in  mitigating 
the  temperature  did  not  appear  very  marked,  and  certainly  the 
appearance  of  such  fluttering  bands  of  dirty  white  cloth  outside, 
was  anything  but  good,  nor  quite  free  from  danger. 

THE  WATER  SUPPLY. 

The  water  was  supplied  by  the  Chelsea  Water- works  Company, 
through  a  main  pipe  9  inches  in  diameter,  branching  into  three  pipes 
6  inches  in  diameter,  at  the  centre  of  the  building. 
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These  latter  pipes  passed  entirely  round  the  building,  and  across 
the  centre  ;  twenty  cocks  of  3  inches  diameter  were  attached  to 
these  pipes  externally ;  eight  pipes,  4  inches  diameter,  branched 
from  the  pipe  of  6  inches  diameter,  at  eight  points  on  each  side  of 
the  building,  and  ran  inwards  to  a  distance  equal  to  one-fourth  the 
width  of  the  building.  On  the  ends  of  these  pipes  fire-cocks,  with 
water-ways  3  inches  diameter,  were  fixed  in  such  situations,  that 
circles  drawn  from  them  as  centres,  with  a  radius  of  120  feet,  would 
intersect  one  another,  and  pass  considerably  without  the  limits  of 
the  building.  From  the  pipes,  6  inches  in  diameter,  crossing  the 
building,  the  principal  supply  for  the  fountains  distributed  along 
the  central  nave  and  line  of  the  transept  was  obtained  ;  as  also  for 
the  steam-boilers,  which  were  fixed  in  a  detached  building  at  the 
north-west  angle,  and  for  the  refreshment-rooms,  &c.,  which  were 
placed  in  immediate  proximity  to  the  elm  trees  beneath  the  transept. 

The  decoration  of  the  building  of  1851  was  intrusted  to  Mr. 
Owen  Jones.  The  prevailing  colours  adopted  were  the  three  pri¬ 
mary  ones  in  alternation  ;  and  the  soundness  of  Mr.  Jones’  artistic 
judgment,  at  first  so  much  distrusted,  was  fully  justified  in  the 
result. 

About  2300  men  was  the  largest  number  employed  at  the 
building  during  any  period  of  its  progress ;  but  allowing  for  those 
directly  or  indirectly  engaged  in  connection  with  it,  either  in  prepa¬ 
rations  or  in  transport,  5000  hands  must  have  been  simultaneously 
employed  at  times  upon  it. 

The  tender  of  Fox,  Henderson,  &  Co.,  was  only  accepted  by  the 
Commissioners  on  the  26th  July,  1850,  and  the  Exhibition  was 
opened  on  the  day  fixed,  the  1st  May,  1851 ;  much  work,  however, 
then  still  remaining  to  be  completed. 

The  actual  work  of  erection  on  the  ground  began  about  the  first 
week  in  September,  1850;  so  that  up  to  the  period  of  opening,  it 
scarcely  occupied  190  working  days. 

The  tender  for  the  original  design  given  by  Fox,  Henderson, 
&  Co.,  was  £79,800  for  the  use  of  the  building  only,  or  £150,000 
for  the  complete  purchase  of  it.  Large  additions  were  subsequently 
made  to  its  size,  and  many  unforeseen  works  had  to  be  provided  as 
extras ;  so  that  the  final  cost  (stated  as  actual  prime  cost)  amounted 
to  nearly  £200,000.  This  would  give  a  cost  of  no  less  than  five 
shillings  per  square  foot  of  surface  covered. 

As  compared  with  this  rate,  that  of  the  old  French  temporary 
buildings  will  not  sustain  the  charge  of  extravagant  cost  made 
against  them,  by  Mr.  D.  Wyatt.  However,  that  a  greatly  better 
return  in  value  for  the  money  spent  was  obtained  in  the  beautiful 
building  of  1851,  is  undeniable.  For  a  time  it  appeared  doubtful 
whether  it  should  remain  standing  where  it  then  was ;  be  removed 
elsewhere  to  some  fitting  site ,  or  torn  to  pieces,  should  have  its 
delicate  net- work  of  iron  framing  broken  up  and  consigned  back  to 
the  furnace. 

Its  genuine  beauty  and  constructive  merits,  the  great  money 
success  that  had  attended  its  use,  and  the  delightful  remembrances 
of  all  that  belonged  to  it,  that  then  floated  in  the  public  mind 
throughout  the  empire,  fortunately  preserved  the  building,  which, 
modified  and  in  many  respects  greatly  improved,  now  stands  as 
the  Crystal  Palace  at  Sydenham — perhaps,  the  most  remarkable 
and  beautiful  of  our  permanent  exhibitions,  and  in  most  senses  a 
national  one  ;  yet,  as  being  in  no  worthy  sense  an  industrial  exhibi¬ 
tion,  national  or  international,  it  does  not  come  within  our  proper 
range  here  to  give  any  account  of  its  interesting  structural  pecu¬ 
liarities. 

Following  the  chronological  order  of  production,  we  now  pass  to 
the  Dublin  exhibition  of  1853. 

The  Royal  Dublin  Society,  incorporated  during  the  last  century, 
had  very  early  recognized  the  value  of  industrial  exhibitions ;  long 
before,  indeed,  they  had  been  so  recognized  in  England,  Its  earliest 
attempt  at  a  national  display  of  industry  was  in  1834,  and  the  fol¬ 


lowing  Table,  for  which  we  are  indebted  to  Dr.  W.  E.  Steele, 
Secretary  to  the  Royal  Dublin  Society,  comprises  the  dates  aud 
such  other  statistical  information  as  the  records  of  the  society 
admit : — 


Order. 

Date. 

No.  of 
Exhibiters. 

Sold 

Medals. 

Rewards. 

Certificates 

1st  Silver 
Medal. 

2nd  Silver 
Medal. 

1. 

1834. 

No  return. 

i 

14 

37 

0 

2. 

1835. 

do. 

i 

35 

45 

0 

3. 

1838. 

do. 

i 

41 

86 

0 

4. 

1841. 

do. 

3 

not 

known. 

11 

5. 

1814. 

do. 

4 

72 

59 

78 

6. 

18-17. 

do. 

6 

50 

68 

86 

7. 

1850. 

350. 

27 

0 

0 

80 

No  medals  or  rewards  were  bestowed  at  the  Exhibition  of  1853. 

These  exhibitions  had  become  triennial,  and  arrangements  were 
in  progress  for  holding  that  of  1853,  when  Mr.  William  Dargan, 
the  well-known  contractor,  proposed  to  the  Royal  Dublin  Society 
to  connect  himself  personally  with  the  matter  by  a  formal  letter, 
dated  June,  1852,  addressed  to  the  society,  of  which  the  following 
is  an  extract  — 

“  Mr.  Dargan,  understanding  that  the  year  1853  will  be  that  for  holding  the 
trienunial  exhibition  of  manufactures  of  the  Royal  Dublin  Society,  and  being 
desirous  to  give  such  exhibition  a  character  of  more  than  usual  prominence, 
and  to  render  it  available  for  manufactures  of  the  three  kingdoms,  proposes  to 
place  the  sum  of  £20,000  in  the  hands  of  a  special  executive  committee,  upon 
the- following  conditions: — 1.  A  suitable  building  shall  be  erected  upon  the 
lawn  of  the  Royal  Dublin  Society.  2.  The  exhibition  to  open  in  June,  1853. 
3.  The  executive  committee  to  be  named  by  three  persons  nominated  by  Mr. 
Dargan,  and  three  nominated  by  the  society.  4.  Mr.  Dargan  to  nominate  the 
chairman,  deputy-chairman,  and  secretary  of  the  committee.  5.  At  the  close 
of  the  exhibition  the  building  shall  be  taken  by  Mr.  Dargan  and  become  his 
property  on  a  competent  valuation.  6.  If  the  proceeds  of  exhibition,  clear  of 
expenses,  do  not  amount  to  £20,000,  with  interest  at  5  per  cent.,  Mr.  Dargan 
shall  receive  the  proceeds  after  payment  of  expenses.  If  the  proceeds,  less 
expenses,  shall  amount  to  £20,000,  with  5  per  cent,  interest,  they  shall  also 
be  handed  over  to  Mr.  Dargan.  If  they  shall  exceed,  after  payment  of 
expenses,  £20,000,  and  interest  as  before,  the  executive  committee  is  to  have 
the  disposal  of  the  surplus.  The  amount  of  valuation  of  the  building  to  be 
held  as  cash  paid  Mr.  Dargan.” 

This  proposition  of  Mr.  Dargan’s  was  at  once  accepted  by  the 
society,  and  he  was  placed  immediately  in  a  position  to  carry  out 
the  undertaking.  Competitive  designs  for  the  building  were  taken, 
and  three  small  prizes  awarded,  the  first  of  which  was  given  to  Mr. 
Benson,  C.E.,  county  surveyor  of  Cork  (now  Sir  John  Benson),  and 
his  designs  were  those  carried  out  and  completed  under  his  own  eye. 

The  site  available  was  the  somewhat  irregular  plot  of  about  5C0 
feet  by  400,  forming  the  Lawn  to  the  south  of  the  premises  of  the 
Royal  Dublin  Society  (once  the  Irish  city  residence  of  the  Dukes  of 
Leinster),  upon  which  the  special  Exhibition  Building,  consisting 
of  five  large  parallel-arched  and  dome-roofed  halls,  was  erected. 
In  addition  to  this,  however,  the  fore  court  and  other  parts  of  the 
premises  were  shedded  over,  and  the  whole  of  its  fine  suite  of  apart¬ 
ments  of  a  permanent  class  put  into  requisition  for  the  time.  The 
block  ground  plan,  Fig.  46,  shows  the  site  and  the  outlines  of  the 
building,  and  our  Plate,  No.  2,  gives  half  transverse  section  and 
half  end  elevation  of  the  building,  Fig.  47,  gives  a  transverse 
section,  showing  in  more  detail  the  principle  of  construction  of 
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Dublin  Exhibition.  1853 — partial  transverse  section. 
Scale,  30  feet  =  1  inch. 


Dublin  Exhibition.  1853 — vertical  section  of  one  end. 
Scale.  30  feet  =  1  inch. 
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the  nave  or  central  hall,  and  Fig.  48  gives  a  longitudinal  section 
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Dublin  Exhibition,  1853 — General  plan. 

of  same  at  one  of  the  domed  ends,  also  showing  constructive  detail. 

The  work  of  erecting  the  building  was 
commenced  on  the  18th  August,  1852, 
and  the  Exhibition  was  opened  on  the 
12th  May,  1853.  Deducting  Christmas 
holidays,  &c.,  the  work  occu¬ 
pied  about  200  days.  During 
the  interval  the  executive 
committee  published  its  code 
of  regulations,  making 
the  Exhibition  in  all  its 
departments  interna¬ 
tional,  and  adding  to 
it  a  special  depart- 


the  exhibition  of  the  fine  arts.  It  is  deserving  of 
record  that  hence,  from  the  Royal  Dublin  Society, 
emanated  not  only  the  earliest  British  idea  of  a  National 
Industrial  Exhibition,  but  the  earliest  British  idea  of 
collecting  into  one,  a  vast  gallery  of  Fine  Art,  free  to  the 
artists  of  all  ages  and  countries.  This  society  thus,  in 
the  latter  respect,  anticipated  what  was  so  nobly  carried 
out  upon  an  enlarged  scale  at  Manchester  in  1857,  and  will 
be  upon  a  still  larger  scale  now  again  at  London  in  1862. 

The  general  idea  of  this  building  was — a  great  central 
hall,  longer,  as  lofty,  and  more  than  a  fourth  wider  than 
the  transept  of  the  Crystal  Palace  of  1851,  with  vaulted 
roof  and  semicircular  domed  roofed  ends,  flanked  at  each 
side  by  two  similar  but  narrower  galleries,  and  with 
numerous  minor  attached  buildings,  as  the  ground,  &e., 
admitted. 

The  whole  thing  was  of  timber  except  the  gallery 
girders,  which  were  of  wrought-iron ;  the  cast-iron  pillars 
of  the  central  hall ;  and  various  diagonal  tye  bars.  The 
skylights  were  glazed  with  thick  rough  (i.e.  finely  cor¬ 
rugated)  plate  glass;  and  the  subdued  light  transmitted 
through  this  material  was  deemed  to  have  proved 
extremely  favourable  for  the  exhibition  of  objects  of  fine 
art  and  the  fine  art  manufactures. 

The  great  hall  was  425  feet  long,  100  feet  broad,  and 
105  feet  high.  The  roof  was  formed  of  semicircular  main 
ribs  25  feet  apart,  resting  on  trusses  which  formed  the 
roof  of  the  adjoining  gallery,  and  upon  a  trussed  wall  plate, 
which  also  formed  the  support  of  the  intermediate  ribs. 
The  inner  portion  of  the  main  arched  rib  was  supported 
by  the  higher  of  two  cast-iron  columns  five  feet  apart, 
which  fitted  with  turned  bearings  into  cast-iron  bases 
bedded  on  blocks  of  masonry.  Thus,  the  roof  of  the 
gallery  adjoining  acted  as  a  buttress,  and  transmitted  the 
thrust  of  the  main  roof  to  the  other  portions  of  the  build¬ 
ing,  and  by  their  combination  effectually  sustained  it. 

The  use  of  circular  arches,  or  rather  of  curved  ribs  of  timber 
to  roof  construction  on  the 
largest  scale,  was  by 
means  novel. 


been  employed 
tects  in  France, 
Germany,  and 


no 

They  had 
by  archi- 
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Russia,  and  various  modifications  will  be  found  in  the  pages  and 
plates  of  Krafft,  Wiebeking,  Emy,  and  other  systematic  authors  of 
carpentry.  Large  examples  have  existed,  as  in  the  case  of  the  first 
roof  of  the  Halle  au  Ble  at  Paris,  &c.  Two  principal  forms  were  to 
be  found  in  these  continental  examples,  namely,  1st.  the  arched  rib 
made  up  of  superimposed  bent  planks  of  lamina  at  right  angles  to 
the  transverse  plane  of  the  arch  ;  2nd,  the  arched  rib  made  up  of 
lamina  secured  together,  and  all  in  vertical  planes,  and  parallel  to 
that  transverse  to  the  arch. 

A  third  form  of  much  more  modern  date  appears  to  have  origi¬ 
nated  in  the  United  States,  and  consisted  in  the  formation  of  the 
curved  rib,  of  an  outer  and  an  inner  bent  rib,  each  solid  and  formed 
of  plies  laminated  as  in  the  first  case  above.  A  space  of  some  feet 
between  these  was  filled  in  with  diagonal  framing,  all  the  diagonals 
being  of  square  timber,  and  all  acting  as  struts,  while  radial  bolts  of 
iron  connected  the  inner  and  outer  ribs,  and  took  all  the  tensions. 
Mr.  Benson’s  curved  ribs  borrowed  something  from  each  arrange¬ 
ment,  but  the  combination  had,  we  believe,  some  claim  to  originality 
in  design.  It  consisted  of  two  concentric  vertically  laminated  ribs, 
with  intermediate  diagonal  framing,  in  which  both  struts  and  ties 
are  all  formed  of  timber  and  connected  with  each  other  by  suitable 
adaptations  of  the  principle  of  lamination  only.  The  upper  or  outer 
ribs  consisted  of  10  laminae,  1^  inches  to  2  inches  in  thickness,  and 
4  inches  to  18  inches  in  depth.  The  breadth  of  the  rib  at  top  was 
18  inches,  and  at  bottom  it  was  only  3  inches,  each  ply  being  stepped 
back  from  the  lower  edge  of  the  preceding.  The  inner  rib  was 
formed  of  six  1J  inch  and  2  inch  laminae,  and  was  12  inches  deep 
and  10  inches  wide.  The  principal  connecting  struts  at  25  feet 
apart  were  also  laminated,  each  separate  piece  being  connected  by 
a  splayed  dove-tailed  joint  to  the  inner  and  outer  ribs.  To  increase 
the  stiffness  of  connection,  a  blade  of  plate-iron  £  inch  thick  was 
interposed  in  the  centre,  through  which  bolts  passed  connecting  all 
the  laminae.  The  compound  ribs  were  framed  on  the  ground-laying 
flat,  and  cast-iron  sockets  were  screwed  on  the  outer  rib  at  8  feet  3 
inches  apart  to  secure  the  purlins.  Each  rib  was  then  ready  for 
hoisting  and  fixing  in  place,  having  occupied  about  20  carpenters, 
sawyers,  and  labourers  about  four  days  ;  containing  about  7  tons  of 
40  cubic  feet  each  of  timber,  1  cwt.  of  plate-iron,  and  about  1500 
screws ;  and  weighing,  with  the  purlin  sockets,  nails,  &c.,  nearly  9 
tons.  The  purlins  were  12  inches  deep  and  4  inches  thick,  with  an 
additional  piece  4  inches  square  applied  on  each  side  at  the  upper 
edges,  making  it  T-shaped.  Each  purlin  25  feet  long  weighed  about 
G.j  cwts.,  and  was  crossed  by  the  secondary  curved  ribs  which  were 
laminated  in  eight  thicknesses  like  the  main  ribs.  Having  little  to 
bear  they  were  built  up  hollow;  their  most  important  functions 
were  affording  nail  holds  for  the  covering  sheeting,  and  forming  the 
internal  arched  surface  of  the  roof  into  bold  panels. 

It  is  one  of  the  disadvantages  of  the  form  of  these  buildings, 
especially  of  their  quarter  sphere  domed  ends,  that  the  construction 
involved  some  rather  nice  problems  of  curved  carpentry,  the  correct 
execution  of  which  was  of  the  very  last  importance,  as  the  effect  of 
the  interior  of  the  several  halls  would  have  been  seriously  damaged 
by  the  slightest  mistake  or  want  of  symmetry,  which  would  have 
remained  a  permanent  eyesore. 

Except  the  difference  of  dimensions,  the  various  portions  of  the 
roofs  of  the  minor  halls  were  similar  to  those  of  the  centre  hall,  and 
the  mode  of  erecting  and  fitting  the  different  parts  to  their  places 
did  not  differ  from  that  which  has  been  already  described. 

The  operation  of  raising  these  great  ribs  into  place  consisted  of 
two  stages;  1st,  getting  the  arch  to  stand  vertically;  2nd,  hoisting 
it  to  its  position  on  the  building.  Each  was  executed  by  special 
and  distinct  machinery.  For  raising  the  arch  from  the  horizontal 
to  the  vertical  position,  there  was  placed  a  pair  of  “  sheer  legs”  in 
the  centre  of  the  chord  of  the  arch,  from  the  top  of  which  a  rope 
was  attached  to  the  crown  and  to  other  points  of  the  arch,  which 


being  hauled,  and  the  feet  simultaneously  kept  in  their  position,  the 
arch  was  gradually  brought  into  the  vertical,  having  been  previously 
stiffened  laterally  by  bolting  timbers  to  it  temporarily,  the  ends 
of  the  arch  being  fixed  by  a  chord  line.  By  the  adoption  of  these 
and  other  expedients,  about  twenty  minutes  sufficed  to  raise  each 
rib  from  the  horizontal  to  the  vertical  position. 

For  hoisting  the  ribs  then  into  place,  travelling  cranes  were 
erected  on  the  roof  over  the  adjoining  side  galleries,  the  tackle  from 
which  was  adjusted  a  little  above  the  point  where  a  line  drawn 
horizontally  through  the  centre  of  gravity  of  the  rib  intersected  its 
curve ;  guy  ropes,  made  fast  to  crab  winches  on  the  ground,  were 
slackened  as  the  rib  ascended.  When  the  rib  had  been  raised  to  a 
little  above  its  proper  position,  the  travelling  cranes  were  slowly 
moved  endways  until  they  arrived  where  it  was  to  rest ;  it  was  then 
lowered  and  secured ;  the  guy  ropes  stayed  it  in  position  until  the 
next  rib  was  in  place,  and  the  first  permanently  secured  to  it.  The 
purlins  and  intermediate  ribs  were  next  hoisted  and  secured,  each 
part  becoming  the  scaffold  or  ladder  for  fixing  its  successor.  The 
nailing  on  of  the  timber  sheeting  then  commenced,  after  which  the 
roof  was  ready  for  its  final  coating  of  paper,  tarred  on  the  top  side, 
and  tarred  canvass  outside  and  paint  inside. 

The  roof  of  the  great  hall  consisted  of  14  semicircular,  8  quadrant, 
and  26  intermediate  ribs,  and  322  straight  and  160  curved  purlins, 
at  the  ends. 

This  description  of  the  roof  of  the  centre  hall  applies  to  that  of 
all  the  others.  Upon  all  the  timber  sheeting  was  covered  with 
canvass,  steeped  in  coal  tar.  A  layer  of  brown  paper  was  inter¬ 
posed  to  prevent  the  tar  appearing  anywhere  inside ;  the  external 
surface  was  then  covered  once  more  with  boiled  tar,  and  finally 
lime-washed.  Anxiety  was  expressed  about  the  combustible  nature 
of  this  covering  material ;  paradoxical  as  it  may  seem  it  was  found 
extremely  hard  to  ignite  it  experimentally ;  the  flame  was  soon 
extinguished  by  the  excessive  supply  of  smoky  vapour  from  the 
coal  tar.  The  coating  of  lime,  also,  was  a  considerable  protection 
against  ignition  by  any  cause  from  without. 

The  system  of  construction  of  the  galleries  will  be  readily  under¬ 
stood  by  regarding  each  gallery  in  plan  as  a  line  of  squares,  the 
angles  being  the  cast-iron  columns,  and  the  sides  wrought-iron 
girders;  the  columns  were  25  feet  apart.  The  girders,  as  will  be 
seen  in  the  transverse  section,  consisted  of  top  and  bottom  flanges, 
formed  of  angle  iron  3£  inches  by  half  inch,  having  a  piece  of  deal 
bolted  on  the  upper  web  for  convenience  in  fixing  the  flooring  boards. 
Each  girder  was  3  feet  in  depth,  and  formed  of  three  latticed  bays, 
each  rather  more  than  8  feet  in  length.  The  upright  struts  consisted 
of  two  pieces  of  T -iron  3  inches  by  half  an  inch,  placed  back  to  back; 
the  diagonal  flat  bars,  3  inches  by  half  an  inch ;  the  weight  of  the 
whole  about  9  cwt.  These  girders  were  carefully  tested  before  they 
were  fixed;  with  eight  tons  each  girder  deflected  5-16ths  of  an  inch; 
with  fourteen  tonsa  deflection  of  rather  less  than  7-8ths  of  an  inch  took 
place,  which  increased  at  the  rate  of  about  l-16th  inch  per  ton  up 
to  the  twenty-second  ton,  when  the  further  loading  was  discontinued. 
The  load  remained  on  for  several  days,  without  producing  any  per¬ 
ceptible  increase  of  deflection. 

The  ultimate  breaking  weight  was  found  to  exceed  32  tons. 
The  above  loads  are  all  presumed  to  have  been  uniformly  diffused. 
Prior  to  the  opening  of  the  building,  the  impression  was  general 
that  the  light  would  be  deficient.  This  proved  otherwise ;  and 
although  direct  sunshine  was  to  a  great  extent  excluded  by  the  nature 
of  the  glass  employed,  the  light  was  sufficient  to  examine  the  most 
delicate  textures. 

In  the  picture  gallery  especially,  the  light  thrown  upon  the  walls 
was  deemed  peculiarly  advantageous  for  the  display  of  paintings ; 
and  the  Prince  Consort  is  stated  by  Sir  John  Benson — in  his  only 
published  account  of  his  building,  a  very  brief  and  imperfect  one 
in  the  general  account  of  the  Exhibition  by  Mr.  J.  Sproule,  royal  8vo, 
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Dublin,  1854— to  have  said,  that  he,  the  architect,  “  had  solved  the 
problem  of  lighting  a  picture  gallery.”  We  shall  make  some  remarks 
on  this  subject  farther  on. 

The  dimensions  of  the  other  principal  portions  of  the  Exhibition 
building  were  as  follows  : — Each  of  the  galleries,  325  feet  long  and 
25  feet  broad,  each  story  being  18  feet  high.  The  northern  and 
southern  halls,  375  feet  long,  50  feet  broad,  and  38  feet  high  to  the 
springing  of  the  arches,  making  the  total  height  about  05  feet.  The 
hall  for  the  Fine  Arts,  325  feet  long,  40  feet  broad,  and  18  feet  high 
to  the  springing  of  the  arches,  or  38  feet  in  all.  The  hall  for 
machinery  in  motion,  the  same  externally  as  that  for  the  Fine  Arts, 
450  feet  long,  40  feet  broad,  and  46  feet  high.  The  remaining  halls 
follow  generally  the  proportions  of  that  for  the  Fine  Arts.  The 
building  covered  a  space  of  about  205,000  superficial  feet,  or  above 
one-third  of  the  area  of  the  Crystal  Palace,  and  nearly  twice  that  of 
the  Exhibition  building  at  New  York. 

For  the  purpose  of  generating  steam  for  the  fixed  engines  driving 
the  machinery  in  motion,  two  large  tubular  boilers  were  placed  in 
a  detached  building.  There  were  two  engines,  each  of  25  horse 
power,  supplied  by  Fairbairn,  actuating  a  shaft  above  300  feet  long, 
from  which  motion  was  conveyed  by  bands  to  the  various  machines. 
The  shafting  was  carried  along  the  centre  of  the  machinery  court 
on  the  tops  of  cast-iron  pillars  fixed  on  stone  foundations. 

A  principal  water  tank  was  excavated  at  the  western  end  of  the 
machinery  court ;  water  mains  intersected  the  building  in  com¬ 
munication  with  large  tanks  placed  at  a  height  of  54  feet  from 
the  floor,  which  also  supplied  the  several  fountains.  The  water 
was  conveyed  to  the  premises  by  a  6 -inch  main  from  the  streets. 
Fire  mains  passed  externally  quite  round  the  building,  and  lateral 
branches  were  carried  across  from  north  to  south,  on  which  there 
were  fourteen  fire-plugs  and  four  stand-cocks.  The  overflow  of  the 
fountains  ran  back  to  the  underground  cistern,  thence  to  be  pumped 
up  again  to  the  elevated  tanks.  There  were  about  two  miles  in 
length  of  water  pipes  laid  down  altogether. 

As  to  the  style  of  decoration  adopted  by  Sir  John  Benson,  but 
little  can  be  said  here.  The  skeleton  frame  of  the  whole  building 
was  marked  out  and  emphasized  by  heavier  tones  of  colour  ;  the 
prevailing  ones  being  light  blues,  delicate  buffs,  and  deep  ultramarine 
blue,  with  a  sparing  use  of  white  and  red.  The  great  pillars  of  the 
ccutral  hall  were  a  rich  deep  blue.  Though  very  little  money  could 
be  spared  for  decoration,  the  effectiveness  of  that  which  was 
employed  was  very  generally  acknowledged.  The  architect  regretted 
that  the  limitation  of  funds  prevented  his  giving  a  more  imposing 
character  to  the  exterior  elevation.  The  front  external  gallery  at 
the  base  of  the  central  dome  end,  which  formed  a  fair-weather  com¬ 
munication  from  one  side  of  the  gallery  to  the  other,  had  a  very 
beautiful  effect,  obtained  by  the  simplest  and  cheapest  means. 

Financially,  as  is  well-known,  this  exhibition  was  far  from  a  suc¬ 
cess.  The  cost  of  the  building  (the  items  and  particulars  of  which 
will  be  found  at  p.  26  of  Mr.  Sproule’s  work,  before  noticed)  proved 
to  be  nearly  £60,000.  It  was  valued  back  to  Mr.  Dargan,  includ¬ 
ing  the  engines  and  shafting,  various  fixtures,  water  closets,  and 
sundries,  at  £16,000,  and  a  large  proportion  of  its  parts  was  dis¬ 
posed  of  by  auction  upon  the  site,  and  they  are  understood  not  to  have 
realized  much  more  than  one  fourth  of  the  amount  of  the  valuation. 
Nor  was  this  at  all  strange ;  Mr.  Dargan,  no  doubt,  at  the  outset 
anticipated  that  the  building  when  valued  back  to  him  would  be 
convertible  into  numerous  smaller,  railway  terminus  and  other 
buildings  on  the  several  lines  in  which  he  was  concerned  in  Ireland, 
and  would  hence  prove  a  source  of  profit.  The  awkward  and 
unwieldy  forms  of  the  curved  parts,  the  timbers  nail-sick,  shaken 
by  a  summer’s  heat  without  prior  seasoning,  and  shattered  in  rapidly 
taking  asunder,  were  found  of  such  a  character  that  very  few  por¬ 
tions  were  ever  re-erected.  Part  of  the  largest  hall  forms  an  erecting 
shed  in  a  foundry  in  Dublin ;  the  northern  terminus  ot  the  Belfast 


and  Ballymena  Railway  is  constructed  from  some  of  the  minor 
halls ;  but  vast  masses  of  the  structure  were  disposed  of  at  prices 
not  much  exceeding  that  of  fire-wood. 

To  this  other  causes  conspired — causes  upon  which  in  part  the  ill 
financial  success  of  the  undertaking  rested.  Ireland  had  not  yet 
recovered  from  the  tremendous  effects  of  the  famine  and  social 
revolution  of  1847  to  1850,  nor  had  the  old  feeling  with  respect  to 
the  (Cinderella)  sister  isle,  “Can  anything  good  come  out  of  Galilee,’’ 
though  since  that  greatly  dissipated,  then  lost  anything  of  its  ancient 
force.  The  English  and  foreign  visitors  to  the  Exhibition  were  much 
fewer  than  had  been  anticipated,  trade  was  bad,  and  hence  the 
mass  of  material  of  the  building  suddenly  presented  for  sale  was 
sold  to  great  disadvantage.  The  result,  however,  sufficiently  teaches 
two  great  practical  lessons  of  construction  —  the  expensiveness  of 
temporary  buildings  for  such  purposes,  and  the  great  increase  in 
their  cost  produced  by  the  introduction  of  curvilinear  work. 

The  whole  building  covered  a  surface  of  265,000  superficial  feet, 
and  assuming  it  to  have  finally  stood  at  a  net  cost  of  £56,000,  the 
cost  per  foot  superficial  was  about  4s.  2d.,  nearly  double  that  of 
the  most  costly  of  the  old  French  temporary  rectilineal  buildings, 
and  within  8d.  per  foot,  or  5-6ths,  of  the  alleged  prime  cost  of  the 
Exhibition  building  of  1851. 

Before  passing  on  to  the  next  great  Exhibition  in  order  of  time,  we 
may  notice  that  as  early  as  1839,  and  again  in  1849,  upon  occasions 
of  meetings  of  the  British  Association  for  the  Advancement  of  Science, 
Birmingham  had  organized  exhibitions  of  its  multifarious  manufac¬ 
tures.  The  first  was  held  in  a  hired  building  ;  the  next,  requiring 
a  catalogue  of  about  sixty  pages  (the  first  having  been  comprised  in 
twelve),  was  housed  in  larger  temporary  buildings,  for  which  a  per¬ 
manent  one  was  subsequent!}’  substituted.  None  of  these  buildings, 
however,  require  special  notice. 

The  New  York  Exhibition  originated  with  a  few  influential  citizens 
of  the  United  States,  and  “was  designed  to  draw  forth  such  a 
representation  of  the  world’s  industry  and  resources  as  would  enable 
America  to  measure  the  strength  and  value  of  her  own,  while  it 
indicated  new  aims  for  her  enterprise  and  skill;”  the  promoters 
modestly  acknowledging  that  America  had  more  to  gain  by  such  a 
comparison  than  any  other  nation  of  Christendom.  It  was  organized 
as  a  joint-stock  speculation,  and  sufficient  powers  for  carrying  out 
effectually  all  its  objects  were  conferred  upon  “  The  Association  for 
the  Exhibition  of  the  Industry  of  all  Nations,”  by  the  American 
legislature,  in  1852;  and  upon  the  14th  July,  1853,  the  Exhibition 
was  formally  opened  by  the  President  of  the  United  States,  in  the 
presence  of  the  six  commissioners  of  Great  Britain,  those  of  many 
foreign  governments,  and  of  all  the  heads  of  state  departments,  &c., 
in  America. 

A  site  had  been  granted  upon  a  five  years’  lease  to  the  Associa¬ 
tion,  of  a  piece  of  ground,  Reservoir  Square,  in  the  best  quarter  of 
New  York.  Competitive  designs  for  the  building  were  received 
and  exhibited,  and  finally  that  of  Messrs.  Carstensen  and  Gildmeister 
was  chosen.  Mr.  C.  E.  Detmold,  Mr.  Horatio  Allen,  and  Mr.  Edmund 
Henry  were  appointed  the  consulting  and  executive  engineers  and 
architects  to  carry  out  the  design. 

The  site  adopted  for  the  building  was  unfavourable  to  architectural 
display,  surrounded  as  it  was  by  mere  broad  thoroughfares  of  houses, 
in  that  respect  being  nearly  as  unfortunate  as  this  ot  the  current 
year,  with  this  difference  in  favour  of  the  former,  however,  that 
ample  and  easy  access  was  secured  to  it.  The  building  of  glass  and 
iron  presenting  the  general  structural  characteristics  of  the  Hvde 
Park  building  of  1851,  was  at  one  side  literally  built  up  against  the 
enormous  masonry  revetment  wall  of  the  Croton  Waterworks  distri¬ 
buting  Reservoir,  the  contrast  being  peculiarly  disadvantageous  to  its 
appearance.  The  ground  of  Reservoir  Square,  is  in  form,  as  it  is 
named  ;  it  was  a  plot  of  445  by  455  feet ;  and  the  building,  which 
completely  occupied  it,  had  to  be  adapted  to  this  lumpy  figure. 
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Fig.  49  gives  a  ground  plan  of  the  street  level  of  the  building, 
and  Fig.  50  one  of  the  galleries  floors,  and  Fig.  51  an  interior 
perspective  view,  looking  along  the  great  nave  from  the  front  in 


Sixth  Avenue,  towards  the  end  or  side  adjoining  the  Croton 
Reservoir. 

The  general  idea  of  the  New  York  building  was  that  of  a  Greek 
cross,  surmounted  by  a  dome  at  the  intersection.  The  length  of 
each  diameter  of  the  cross  was  365  feet  5  inches,  and  the  width 
of  the  arms  149  feet  5  inches.  This  did  not  include  the  three 
entrance  halls  projecting  towards  Sixth  Avenue,  Fortieth,  and  Forty- 
second  Streets,  which  were  each  27  feet  wide,  and  approached  by 
flights  of  steps.  By  referring  to  the  annexed  engravings  it  will  be 
seen  that,  although  the  edifice  was  cruciform,  the  outline  of  the  ground 
plan  was  nearly  a  regular  octagon,  whose  diameter  was  the  same  as 
that  of  the  arms  of  the  cross.  This  form  was  given  to  it  by  filling 
up  the  triangular  intervals  between  the  arms  of  the  cross  with  a 
lean-to,  of  only  one  story,  and  of  24  feet  in  height.  This  was  neces¬ 
sary  in  order  to  provide  space  for  the  Exhibition,  it  being  impossible 
within  the  narrow  limits  of  the  site  to  enlarge  the  dimensions  of  the 
cross  in  the  way  of  length ;  and  the  substantial  advantage  thus 
gained  was  productive  of  only  very  little  architectural  injury  to  the 
appearance  of  the  interior. 

The  arrangement  of  the  columns  is  seen  upon  figs.  49  and  50. 
They  divide  the  interior  into  two  principal  avenues  or  naves,  each 
41  feet  5  inches  wide,  with  aisles  54  feet  wide  upon  either  side ; 
the  intersection  of  the  naves  leaving  in  the  centre  a  free  octagonal 
space  100  feet  in  diameter.  The  columns  still  further  subdivided 
the  aisles,  and  the  triangular  intervals  between  the  arms  of  the  cross, 
into  square  and  half-square  compartments  of  27  feet  on  the  side. 
Over  the  aisles  were  placed  galleries  of  the  same  width,  which  were 
united  to  each  other  by  broad  connections  at  the  extremities  of  the 
naves.  The  naves  were  carried  above  the  roof  of  the  galleries  to 
admit  light,  and  were  spanned  by  16  semicircular  arches  of  cast-iron 
40  feet  9  inches  in  diameter,  and  placed  at  a  distance  of  27  feet 
apart  to  carry  the  covering. 

The  number  of  cast-iron  columns  upon  the  ground  floor  was  190. 
They  were  21  feet  high  above  the  floor,  octagonal  in  section,  and  8 
inches  in  diameter.  The  thickness  of  the  sides  varied  from  half  an 
inch  to  one  inch ;  the  lines  of  the  cast-iron  girders  3  feet  in  depth,  of 
which  the  longest  was  26  feet  4  inches,  while  those  of  wrought-iron 
were  40  feet  9  inches  long,  are  indicated  by  the  dotted  lines.  The 
first  tier  of  girders  sustained  the  floors  of  the  galleries,  and  braced 
the  structure  laterally  in  all  directions.  They  were  united  to  the 
columns  by  connecting  pieces  3  feet  4  inches  high,  which  had  the 
same  octagonal  shape  as  the  columns,  and  provided  with  flanges 
and  lugs  to  bolt  to  the  columns.  The  number  of  girders  in  the  first 
tier  was  252.  The  second  story  contained  148  columns,  17  feet  7 
inches  high,  which  rested  on  those  below,  and  having  the  same  shape. 
These  received  a  second  series  of  gil  ders,  160  in  number,  which  sup¬ 
ported  the  roof  of  the  aisles.  They  also  received  the  semicircular 
arches  of  the  naves.  The  covering  surfaces  of  the  roofs  were  sup¬ 
ported  upon  the  arches  or  upon  the  girders  by  means  of  wrought-iron 
suspension  trusses  which  gave  stiffness  to  the  angle  iron  purlins  upon 
which  the  rafters  rested.  The  latter  were  made  of  strips  of  wood 
flitched  between  thin  iron  plate  sides.  The  roofs  were  all  covered 
with  boards  matched  together  and  covered  alternately  with  tin  plates. 

The  dome,  which  was,  by  Americans  at  least,  deemed  beautiful  in 
its  proportions,  was  the  chief  architectural  feature  of  the  building. 
Its  diameter  was  100  feet,  and  its  height  from  the  ground  to  the 
springing  line  nearly  70  feet,  and  that  to  the  crown  of  the  arch  123 
feet.  It  was  the  largest,  indeed  almost  the  only  dome,  then  erected 
in  the  United  States.  With  the  exception  of  some  clerestory  lights 
at  the  sides  and  others  half  way  up,  this  dome  was  opaque  throughout. 
It  was  supported  by  24  columns,  rising  beyond  the  second  story,  and 
to  a  height  of  62  feet  above  the  principal  floor.  The  system  of 
wrought-iron  trusses  which  connected  them  together  at  the  top,  and 
was  supported  by  the  columns,  formed  two  concentric  polygons,  each 
of  1 6  sides.  Upon  the  caps  of  these  a  cast-iron  bed-plate  was  laid, 
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to  wliicli  cast-iron  shoes  for  the  reception  of  the  ribs  of  the  dome 
were  bolted.  The  latter  were  32  in  number.  They  were  con¬ 
structed  of  an  inner  and  outer  web  of  double  angle  iron,  securely 
connected  together  by  trellis  work  between.  The  requisite  steadi¬ 
ness  was  secured  by  tie  rods,  which  braced  them  diagonally  in  both 
vertical  and  horizontal  directions.  The  ribs  were  bolted  at  the 
upper  part  to  a  horizontal  ring  of  wrought  and  cast  iron  of  20  feet 
diameter,  and  surmounted  by  the  lantern.  As  in  the  other  roofs  of 
the  building,  the  dome  was  covered  in  with  matched  deal  boarding 
and  tin-plate  sheathing.  Light  reached  the  interior  through  the 
lantern,  and  also  in  part  from  the  sides,  which  were  pierced  by  32 
ornamental  windows.  These  were  glazed  with  stained  glass,  showing 
the  arms  of  the  Union  and  of  its  several  States,  and  formed  a  con¬ 
spicuous  part  of  the  interior  decoration. 


belongs  to  the  North  American  climate,  was  indispensable,  and  by 
it  the  dangerous  and  objectionable  use  of  calico,  as  in  the  Hyde  Park 
building  of  1851,  was  avoided.  It  may  be  greatly  doubted,  how¬ 
ever,  whether  the  sleepy,  dull,  stupifying  effect  of  muffed  glass  was 
not  the  same  in  this,  as  in  all  instances  in  which  it  is  architecturally 
employed. 

At  each  angle  of  the  building  there  was  an  octagonal  tower  8  feet 
in  diameter,  and  7G  feet  in  height.  These  contained  geometrical 
staircases  which  led  to  the  galleries  and  roofs,  and  were  intended 
for  the  use  of  the  officers  and  employees  of  the  association.  Twelve 
broad  staircases,  one  on  either  side  of  each  entrance,  and  four 
beneath  the  dome,  connected  the  ground  floor  with  the  galleries. 
The  staircases  beneath  the  dome  were  circular  in  part,  and  con¬ 
sisted  of  two  flights  of  steps  with  two  landing  places.  The  flooring 
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The  external  walls  of  the  building  were  constructed  of  cast-iron 
framing  and  panel  work,  into  which  were  inserted  the  sashes  of  the 
windows  and  the  louvres  for  ventilation.  The  glass  was  one -eighth 
of  an  inch  thick,  or  2!bs.  per  superficial  foot,  and  was  manufactured  at 
the  Jackson  Glass  Works,  U.S.,  and  afterwards  enamelled  in  a  pecu¬ 
liar  manner  to  produce  a  muffed  effect  and  reduce  the  transmitted 
sun-light  and  heat.  This  enamel  was  laid  upon  the  glass  with  the 
brush,  and  after  drying,  was  subjected  to  the  heat  of  the  enameller’s 
oven,  by  which  the  coating  became  vitrified,  and  rendered  as  dur¬ 
able  as  the  glass  itself.  Its  effect  was  similar  to  that  of  ground 
glass,  translucent,  but  not  transparent.  This  precaution,  by  which 
the  sunlight  was  deprived  of  that  intensity  of  heat  and  glare  which 


of  the  galleries  was  of  closely  matched  planks,  while  those  forming 
the  floor  of  the  ground  story  were  separaied  by  narrow  intervals,  as 
in  the  building  of  1851.  Over  each  of  the  principal  entrances,  the 
galleries  opened  upon  balconies,  with  space  for  placing  flowers, 
vases,  and  sculpture.  Above  these  balconies  the  ends  or  gables  of 
the  naves  were  filled  in  with  large  fan-lights,  corresponding  to  the 
semicircular  arched  ribs  within.  The  ticket  offices,  rooms  for  the 
officers  of  the  association,  telegraph,  &c.,  were  at  either  sides  of  the 
entrances. 

The  increased  applications  of  exhibitors  for  space,  induced  the 
association  to  erect  the  annexe  to  the  building  already  alluded  to.  It 
consisted  of  two  parts,  of  one  and  of  two  stories  respectively,  and 


22  RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  18G2. 

occupied  the  entire  space  between  the  main  building  and  the  Croton 
Reservoir.  It  was  451  feet  long,  its  extreme  width  75  feet.  It  was 
occupied  by  machinery  in  motion,  the  collections  of  mining  and 
mineralogy,  and  the  refreshment  rooms  with  other  necessary  offices. 
The  second  story  of  the  same  length  and  21  feet  wide,  was  entirely 
devoted  to  the  exhibition  of  pictures  and  sculpture.  It  was  lighted 
by  a  sky-light  the  entire  length,  and  8  feet  6  inches  wide. 

The  decoration  of  the  building  was  intrusted  to  Mr.  Henry  Gree- 
nough,  brother  of  the  American  sculptor,  who  had  made  this  branch 
of  art  his  study,  and  had  resided  and  studied  long  in  Italy.  In  the 
pages  84  and  85  of  Messrs.  Silliman  and  Goodrich’s  account  of  the 
New  York  Exhibition,  folio,  Putman  &  Co.,  New  York,  1854,  to 
which  we  are  indebted  for  the  present  account  of  the  building,  Mr. 
Greenough  lias  given  a  clear  and,  in  the  main,  true  and  valuable 
statement  of  the  principles  that  ought  to  guide  the  decoration  of 
such  buildings.  The  leading  idea  in  the  decoration  adopted  was, 
to  bring  out  the  constructive  merits  of  the  building — to  decorate 
construction,  rather  than  to  construct  decoration.  The  result  of 
Mr.  Greenougli’s  attempt  to  do  this,  and  at  same  time  to  preserve  a 
general  harmony  of  effect,  was  admitted  to  have  been  well  attained. 

Oil  colours  wTere  employed  on  the  exterior  and  interior,  the  base 
being  white-lead.  The  exterior  was  painted  of  a  light  coloured 
bronze,  all  the  features  purely  ornamental  being  relieved  with  gold. 
The  interior  had  a  prevailing  tone  of  “  diluted  orange,”  as  the  artist 
called  it,  or  rich  cream  colour,  which  was  that  given  to  all  the  cast- 
iron  constructive  work.  This  was  relieved  by  a  moderate  and 
judicious  use  of  the  three  primary  colours,  red,  blue,  and  yellow,  in 
their  several  tints  of  Vermillion,  garnet,  sky-blue,  and  orange,  cer¬ 
tain  parts  of  the  internal  ornamental  work  being  gilded.  The  only 
exceptions  to  the  use  of  oil  colours  were  the  ceiling  of  one  of  the 
leans-to,  and  that  of  the  dome — these  were  executed  in  tempera 
on  canvass. 

The  effect  of  the  interior  of  the  dome  (the  decoration  of  which 
was  designed  by  Signor  Monte  Lilia)  was  thought  very  good.  The 
rays  from  a  golden  sun  at  the  centre  descended  between  the  pro¬ 
jecting  latticed  ribs,  and  arabesques  of  •white  and  blue  relieved  by 
gold  and  silver  stars  upon  a  pure  light  sky-blue  ground,  sprung 
from  the  base  of  the  dome,  and  rose  with  many  graceful  curves 
upwards.  All  the  higher  ceilings  of  the  interior  were  coloured  a 
pure  light  sky-blue,  and  great  loftiness  of  appearance  is  stated  to 
have  been  conferred  by  the  use  of  this  cool  and  light  tint. 

The  building  was  supplied  with  gas,  and  water  at  high  pressure, 
in  every  part.  The  gas  was  intended  primarily  for  the  use  of  the 
police  in  protecting  the  property  by  night ;  but  eventually  tbe 
building  was  illuminated  on  certain  evenings,  and  the  effect  of  the 
interior  expanse  of  the  dome  when  lighted  by  a  coronal  ot  gas 
lights  all  round,  is  said  to  have  been  extremely  fine  and  noble. 

Eighteen  hundred  tons  of  iron  were  employed  in  the  construc¬ 
tion,  of  which  300  tons  were  wrought,  and  1500  tons  cast  iron. 
The  surface  of  glass  was  55,000  square  feet,  and  the  timber  used 
amounted  to  750,000  feet,  board  measure. 

PRINCIPAL  DIMENSIONS. 

From  principal  floor  to  gallery  floor,  .  .  .  24  ft.  0  in. 

“  “  to  top  of  second  tier  of  girders,  44  4§ 

“  “  to  top  of  third  tier  of  girders,  59  10 

“  “  to  ridge  of  nave,  .  .  67  4 

“  to  top  of  bed-plate,  .  .  69  1 1 

“  ‘  to  top  of  upper  ring  of  dome,  123  6 

“  sixth  avenue  curb-stone  to  top  of  lantern,  .  151  0 

“  “  “  to  top  of  towers,  .  76  9 

Area  of  first  floor,  .  .  157,195  sq.  feet. 

“  second  floor,  .  .  92,496  “ 

Total  area,  .  249,692 

Its  area  was  heretofore  5j  acres ;  that  of  the  Dublin  Exhibition, 
open  at  the  same  period  at  the  opposite  side  of  the  Atlantic,  having 

been  6j  acres.  The  building  of  1851  being  174,  or,  in  round  num¬ 
bers,  more  than  thrice  the  surface  area. 

The  United  States  legislature  empowered  the  Exhibition  Associa¬ 
tion  to  raise  a  capital  stock,  finally  amounting  to  500,000  dollars, 
or  about  £125,000. 

No  account  of  the  cost  of  the  building  is  given  by  Silliman  and 
Goodrich,  nor  does  any  trustworthy  account  of  its  cost  appear  to 
have  been  published,  from  which  the  element  of  comparative  cost 
per  superficial  foot  might  be  deduced. 

The  following  references  apply  to  the  Figs.  49  and  50. 

TIIE  GROUND  FLOOR  PLAN. — (Fig.  49.) 

1.  Entrance  halls. 

2.  Ticket  offices. 

3.  Officers’  apartments. 

4.  Staircases  to  galleries. 

5.  Naves  or  central  avenues. 

6.  Central  area  under  dome. 

7.  Machinery  in  motion. 

8.  Mineral  collection. 

9.  Refreshment  rooms. 

10.  Flower  garden. 

TIIE  PLAN  ON  GALLERY  COURT.— (Fig.  50.) 

1.  Connections  between  the  galleries. 

2.  Galleries. 

3.  Fine  Arts  gallery. 

4.  Open  nave. 

5.  Balcony  over  entrance, 

0.  Roof  over  triangular  areas. 

The  classification  was  substantially  the  same  as  that  adopted  at 
London  in  1851. 

Whatever  may  have  been  the  character  of  the  coloured  decora¬ 
tion  of  the  New  York  structure,  the  style  of  construction  adopted  for 
much  of  the  iron  framing,  and  more  especially  for  the  large  curved 
ribs  of  the  nave  and  transepts,  the  most  conspicuous  parts  of  the 
building,  was  execrable.  Of  all  possible  modes  of  arrangement  of 
the  ribs  and  cross-ribs  of  cast-iron  framing,  that  of  a  vile,  bald, 
attenuated  “  carpenters’  gothic,”  is  the  most  offensive  to  good  taste, 
as  well  as,  constructively,  one  of  the  most  ineffective  and  weak.  In 
the  general  arrangement  of  the  masses  of  the  building,  both  in  plan 
and  in  elevation,  there  resulted  from  the  necessities  of  the  site  this 
at  least  to  commend — that  stability  and  permanence  were  secured  to 
a  large  extent,  against  some  of  the  causes  most  operative  in  producing 
injury,  breakage,  and  decay,  in  glass  and  iron  structures,  namely, 
change  of  dimensions  by  variability  of  temperature,  and  change  of 
form  by  the  flexibility  of  the  materials  under  varying  external  forces. 

The  linear  dimensions  in  one  uninterrupted  line,  in  any  one  direc¬ 
tion,  was  small  enough  to  guard  sufficiently  against  the  first,  and  the 
buttressed  form  of  the  whole  very  well  met  the  second.  Had  the 
external  covering  been  of  more  permanent  material  than  tin  plates 
over  wood  sheathing,  a  long  period  of  durability  might  have  been 
assigned  to  this  American  building. 

We  must  now  pass  on  to  the  last  and  grandest  display  made  by 
France,  to  the  Exposition  of  1855. 

As  early  as  March,  1852,  the  Emperor  decreed  the  construction 
of  a  great  permanent  building  in  the  grand  square  of  the  Champs 
Elysees,  “  destined  to  receive  the  national  expositions,  and  to  serve 
for  great  public  ceremonies,  and  for  civil  or  military  fetes.”  In  July 
of  that  year  the  site  was  authorized  to  be  given  over  to  the  state  by 
the  prefect  of  the  Seine,  and  in  August  a  public  company,  with  M. 
Ardoin  at  its  head,  became  “  concessionaires’’  for  the  erection  of  the 
building,  the  concession  lasting  for  thirty-five  years,  and  the  return 
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for  the  capital  to  be  derivable  from  the  expositions.  For  the  precise 
terms,  the  Report  addressed  to  the  Emperor  by  Prince  Napoleon,  the 
President  of  the  Commission  for  the  Exposition,  Paris,  royal  8vo, 
1827,  may  he  consulted.  To  this  work;  to  the  great  Report  of  the 
mixed  International  Juries,  Paris,  1856;  to  the  beautiful  work  of 
MM.  Barrault  and  Bridel,  descriptive  of  the  constructive  details  of 
the  buildings,  folio,  Nobl£t,  Paris,  1857  ;  and  to  the  concise  and 
lucid  little  work  of  M.  Tresca,  “  Visite  a  l’Exposition,”  forming  one 
8vovolume  of  the  “Bibliotlieque  descheminsde  fer,” Paris, Hachette, 
1855 — we  are  indebted  for  such  information  as  we  are  enabled  to  con¬ 
dense  within  our  limits. 

A  first  project  for  the  great  building  to  be  constructed,  was 
designed  by  MM.  Viel  and  Desjardins,  which  has  been  reproduced  by 
M.  Barrault,  and  which  bears  a  general  resemblance  to  that  finally 
adopted.  This  design,  however,  when  brought  before  contractors 
for  actual  tender,  was  found  to  involve  great  expense,  and  masses  of 


one  of  the  authors  of  the  original  design,  having  the  conduct  of  the 
masonry. 

The  work  appears  to  have  commenced  upon  the  site  almost 
immediately  after  the  signing  of  this  somewhat  loose  contract. 
Nine  French  foundries  were  employed  upon  the  iron  work,  the  first 
portions  of  which  were  delivered  on  the  ground  in  June,  1853. 
Very  little  work,  however,  appears  to  have  been  accomplished 
before  February,  1854.  The  Exposition,  in  accordance  with  the 
imperial  decree,  was  to  have  opened  on  the  1st  May,  1855,  and 
was  to  have  closed  on  the  30th  September  of  the  same  year — (see 
Rapport,  &c.,  p.  3).  The  opening,  however,  was  postponed  to  the 
15th  May,  and  the  time  of  closing  was  extended  to  the  31st  October, 
and  finally  to  the  15th  November,  1855.  It  was,  for  the  first  time, 
to  extend  in  an  important  manner  to  the  exposition  of  works  of 
fine  art. 

The  Exhibition  space  originally  deemed  sufficient  was  87,000 


Fig  52. 


French  Exhibition,  1855 

masonry  so  large  that  it  could  not  be  expected  to  be  complete  in 
time.  Ultimately  a  contract  was  signed  in  December,  1852,  by 
MM.  York  et  Cie,  under  penalties  as  to  time,  &c.,  of  completion, 
with  M.  Ardoin  and  his  company,  for  the  construction  of  the  building. 
The  conditions  were  that  the  contractors  were  to  execute  all  the 
works  of  the  “  Palais  de  l’lndustrie,”  except  the  decorative  painting 
and  sculpture,  by  a  fixed  day  and  for  a  fixed  sum,  “reserving  to  them¬ 
selves  the  power  to  make  any  alteration  in  the  design  they  might 
think  proper,  provided  that  they  neither  altered  the  dimensions,  the 
solidity,  nor  the  artistic  aspect  of  the  building  considered  as  a 
national  monument.” 

M.  Barrault,  chief  engineer  to  the  Palace,  and  M.  Cendrier,  archi¬ 
tect  to  the  Lyons  railway,  assisted  by  MM.  Bridel  and  Villain, 
were  appointed  by  the  contractors  to  prepare  the  modified  design, 
which  was  acted  on  and  carried  out  under  their  directions ;  M.  Viel, 


-Plan  showing  its  position. 

square  metres,  viz.,  75,000  for  the  Palace  of  Industrial  products 
and  12,000  for  that  of  Fine  Arts.  This  was  extended  in  January, 
1854,  to  a  total  of  105,000  metres.  At  this  stage  the  English 
commissioners  arrived  in  Paris,  to  confer,  as  to  the  space  English 
exhibitors  might  require,  with  the  Imperial  Commissioners. 

With  a  little  sly  humour  Prince  Napoleon  says  of  our  countrymen 
in  his  report  to  the  Emperor — “  Interrogated  as  to  the  space  that 
they  would  require,  they  replied  that  England  would  want  the  whole 
area  provided  for  the  Exposition.”  This  reply,  as  he  well  says, 
“  un  peu  exageree,”  served  at  least  to  show  that  more  than  they 
then  had  would  be  necessary,  and  the  construction  of  the  enormous 
annexe  upon  the  Quai  Billy  was  at  once  decided  upon.  Soon  after  a 
separate  building,  in  the  garden  formed  around  the  original  palace, 
was  settled  for  the  display  of  agricultural  implements;  and  finally  the 
Panorama — a  circular  building  between  the  Palace  and  the  Annexe, 
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and  connected  with  both  by  bridges  passing  over  the  intervening 
thoroughfares.  This  Panorama  was  the  darling  child  of  Prince 
Napoleon  personally,  and  ultimately  became  one  of  the  most  attrac¬ 
tive  spots  in  the  whole  vast  and  almost  bewildering  display.  In  it 
the  “  Buffet”  was  established,  and  the  products  amongst  others,  of 
the  French  Imperial  manufactories  adorned  it 

Fig.  52  shows  the  general  and  relative  disposition  of  these 
several  great  buildings.  That  for  the  Fine  Art  Exposition  is  on 
the  extreme  right,  at  the  junction  of  the  Avenue  de  Matignon 
with  the  Quai  Billy — the  Great  Palace  of  Industry,  parallel  with 
the  great  central  avenue  of  the  Champs  Elysees — the  Panorama, 
between  it  and  the  Annexe,  the  latter  stretching  along  the  whole 
length  of  the  Quai  from  the  Place  de  la  Concorde  to  the  Pont 
d’Alma — and  in  the  garden  of  the  Palace,  the  Agricultural  Gallery; 
that  of  Domestic  Economy,  suggested  by  Mr.  Twining ;  and  many 
minor  offices. 

Thus  grown  to  colossal  dimensions,  the  ground  and  buildings  of 
1855  covered  the  following  surfaces.  Looking  at  these  Prince 
Napoleon  might  indeed  with  reason  observe  in  his  Report — “  At 
London,  in  1851,  75,000  square  metres  was  deemed  an  enormous 
space ;  the  Crystal  Palace  was  a  marvel  in  its  colossal  propor¬ 
tions  ;  yet  at  Paris,  117,000  square  metres  were  found  insufficient. 
Who  shall  foresee  the  dimensions  that  will  be  demanded  of  a 
building  to  accommodate  the  next  Exposition,  should  it  take  place 
under  conditions  like  the  preceding  ones  ?”  France,  which  had  for 
long  shrunk  from  permitting  other  nations  to  exhibit  and  compete 
for  her  civic  crowns  upon  her  own  soil — although  she  somewhat 
inconsistently  laid  claim  to  having  originated  the  idea  of  Inter¬ 
national  Expositions,  on  the  ground  that  she  had  said  “  No  ”  to  such 
a  proposition  when  put  before  her  by  the  President  of  the  Republic 
— now  that  at  last  she  had  fairly  become  committed  to  the  tourna¬ 
ment,  put  forth  all  her  power  arid  magnificence,  and  nobly  justified 
the  expression  of  her  Prince  President,  that  the  hospitalities  of 
France  must  not  on  that  occasion  be  measured  by  money. 

The  surfaces  covered  were  as  follows : — 


Square  Metres. 

Statute  Acres. 

Palace  of  Industry,  ...  ...  50,737 

=  12* 

Annexe  (Quai  Billy),  ...  41,540 

=  i<H 

Panorama  and  connected  buildings,  9,026 

=  24 

Gardens  and  other  inclosed  grounds 
around  the  buildings,  ...  22,087 

=  5* 

Total,  ...  123,390 

=  30* 

This  is  exclusive  of  the  Palais  des  Beaux  Arts,  which  covered 
16,150  square  metres,  or  almost  precisely  four  acres,  bringing  up  the 
enormous  total  of  covered  space  to  twenty-nine  statute  acres,  and 
the  total  surface  occupied  by  the  Exposition  to  almost  thirty-five 
acres.  The  space  above  given  of  the  Annex6,  includes  that  of  the 
gallery  floors  ;  exclusive  of  these,  the  ground  floor  alone  covered 
7f  acres.  This  immense  building,  with  a  width  of  88j,  feet,  extended 
along  the  Quai  1168  metres  or  3937  feet,  nearly  three  quarters  of  a 
mile,  including  the  grand  entrance  Pavilions  at  the  ends. 

Of  the  total  Exhibition  space  France  herself  occupied  13*  acres  ; 
Great  Britain,  4*  acres;  Germany,  1| ;  Austria,  1*  ;  Belgium,  1 
acre  ;  Switzerland,  half  an  acre  ;  the  United  States,  *  of  an  acre ; 
and  Wurtemberg,  *  of  an  acre,  all  in  round  numbers;  the  fifteen 
remaining  states  out  of  the  thirty-three  in  all  that  exhibited,  occupy¬ 
ing  still  smaller  spaces  down  to  the  Republic  of  Dominica,  which 
modestly  covered  two  square  metres,  or  the  kingdom  of  Hawaii, 
which  must  have  exhibited  something  very  remarkable;  as  although 
set  down  as  an  exhibitor,  it  is  also  tabulated  as  occupying  no  space 
at  all. 

The  total  number  of  exhibitors  was  nearly  twenty-one  thousand, 
about  one  half  of  whom  were  of  France. 

France  accorded  a  mean  surface  of  exposition  of  about  7^  square 


metres  to  each  British  or  Belgian  exhibitor,  and  modestly  reserved 
to  her  own  sons  a  mean  like  space  of  5  square  metres,  or  a  little 
over. 

Vast  as  was  the  area  thus  prepared,  it  was  relatively  less  than  in 
1851  at  London.  In  the  latter  instance  the  general  mean  exhibi¬ 
tion  space  occupied  by  each  exhibitor  was  6  783  square  metres,  or 
about  70  square  feet ;  while  here  at  Paris  the  general  mean  per 
expositor,  was  only  4'916  square  metres,  or  about  50  square  feet. 
These  figures  refer  to  total  exhibition  surface.  The  horizontal 
mean  space  alone  at  London,  as  we  learn  from  the  Commissioners’ 
report,  was  but  24  square  feet.  The  total  length  of  avenues  or 
passages  within  these  buildings  was  very  nearly  four  miles  and  a 
half,  without  reckoning  transverse  junctions,  and  putting  out  of  view 
altogether  the  avenues  of  pictures  in  the  four  acres  of  the  Beaux 
Arts. 

At  the  conclusion  of  the  Appendix  of  the  Prince  President’s  Re¬ 
port  to  the  Emperor,  an  elaborate  statement  of  accounts  of  the 
expenditure  in  every  branch  is  set  forth,  with  all  the  order  and 
method  that  characterize  the  clear  heads  of  Frenchmen.  It  is 
utterly  impossible,  however,  to  disentangle  from  these  accounts  any 
precise  result  as  to  the  separate  cost  of  these  several  exposition 
buildings.  The  cost  of  the  Palace  itself  is  in  fact  not  set  forth  at 
all,  as  belonging  to  a  joint-stock  company.  The  following  sums 
are  stated,  however,  by  M.  Tresca  as  those  expended  for  buildings, 
viz. : 

Principal  Palace,  13  millions  francs. 

Annexe  do.,  4  “  “ 

Panorama  do.,  1  “  “ 

and  from  the  President’s  Report,  it  would  appear  that  the  cost  of 
the  Palace  of  Fine  Arts  was  nearly  1,700,000  francs,  which  would 
bring  the  total  cost  up  to  nearly  20,000,000  of  francs,  or  more  than 
£830,000. 

If  we  take  M.  Tresca’s  figure  for  the  principal  palace  alone  at 
13,000,000  of  francs.  The  cost  of  its  construction  will  stand  at 
nearly  eighteen  shillings  per  square  foot. 

The  total  expenditure  for  all  purposes  of  the  Exposition,  exclu¬ 
sive  of  the  cost  of  buildings,  is  stated  in  the  recapitulation  of  the 
accounts  in  the  President’s  Report  at  11,336,521  francs,  except 
about  600,000  francs  appropriated  to  the  main  building  to  meet 
wants  not  provided  for  by  the  design. 

The  honours  and  rewards  distributed  were,  in  the  Industrial 
department : — 

1 12  grand  medals  of  honour, 

252  medals  of  honour, 

2300  medals  of  the  first  class, 

3900  medals  of  the  second  class 
4000  honourable  mentions  ; 

and  in  the  Fine  Arts  department . 

40  decorations  of  the  Legion  of  Honour, 

16  medals  of  honours,  voted  by  the  Jury, 

67  medals  of  the  first  class, 

87  medals  of  the  second  class, 

77  medals  of  the  third  class, 

222  honourable  mentions. 

In  addition  to  these,  decorations  of  the  Legion  of  Honour  were 
showered  upon  many  of  the  functionaries,  and  upon  the  foreign 
Commissioners,  the  Jurors,  &c.  Such  was  the  truly  wonderful 
development  that  the  small  beginning  of  nearly  seventy  years  before 
in  the  Rue  de  Varennes  had  obtained.  We  must  pass  to  the  de¬ 
scription  of  the  constructive  character  of  each  of  these  buildings  of 
1855. 

The  principal  building  or  permanent  palace  has  the  general  furm 
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of  a  vast  parallelogram  of  252  metres  long  by  108  metres  wide,  or 
about  830  feet  by  355.  At  its  four  quoins,  and  in  the  centre  of  its 
principal  fronts,  are  six  projecting  buildings,  which  contain  the 
entrance  and  staircases  leading  to  the  great  galleries,  &c.,  and 
measuring  over  these,  the  extreme  dimensions  reach  280  metres, 
nearly,  by  145  inches.  The  plan  of  the  building  is  shown  in 
Fig.  53  upon  the  ground  level,  and  the  lower  figure  of  Plate  1, 

Fig.  53. 


is  a  front  elevation  of  the  central  part  of  the  northern  fa£ade,  and  a 
transverse  section  taken  through  the  building  and  perpendicular  to 
the  same  are  given  in  the  first  figure  of  Plate  2. 

Twenty-one  entrances  or  exits  were  provided,  the  latter  being  all 
in  the  buildings  at  the  four  quoins.  The  area  of  the  parallelogram 
consists  of  a  great  central  nave  or  hall  of  630  feet  long  by  157^-  feet 
wide,  covered  in  one  span  by  an  arched  or  curved  roof,  the  highest 
point  of  which  is  118  feet  above  the  floor.  Flanking  this  great 
central  hall  and  roof  at  both  sides  and  ends,  run  other  halls,  nar¬ 
rower  and  covered  with  similar  roofs,  two  being  parallel,  and  two 
at  right  angles  to  the  central  one.  These  are  divided  into  two 
stories  by  a  gallery  running  all  round  the  central  hall  of  more  than 
90  feet  in  width,  and  at  a  height  of  rather  more  than  25  feet  from 
the  floor. 

The  exterior  shell  of  the  building  is  of  ashlar  masonry,  of  a  simple 
but  bold  and  somewhat  ornamental  character.  Almost  all  the  rest 
of  the  structure,  except  the  gallery  and  ground  floors  of  timber,  is 
of  iron,  glass,  or  zinc.  The  primary  structural  idea  was  somewhat 
peculiar,  and  certainly  not  devoid  of  advantages,  and  constituted  an 
essential  departure  from,  and  great  improvement  on,  the  original 
design  of  Viel  and  Desjardins. 

The  idea,  then,  was  that  of  a  structure  of  iron  perfectly  homo¬ 
geneous  as  a  whole,  and  so  framed  as  to  stand  by  itself,  even  if 
stripped  of  everything  except  the  base  upon  which  it  rested. 
Around  this  the  masonry  walls  were  erected,  and  encased  the 
framed  structure  within  them,  closing  the  sides  weather-tight,  and 
admitting  light.  The  connections  between  this  masonry  envelope 
and  the  iron  work  within  it  were  preserved  of  such  a  nature,  that 


each  conferred  lateral  stability  upon  the  other,  without  any  con¬ 
straining  forces,  due  to  the  difference  of  expansion  and  contraction 
between  stone  and  iron,  being  propagated  from  one  to  the  other,  or 
the  direct  lines  of  connection  between  the  walls  and  the  internal 
work — those  upon  which  the  roofs  were  made  water-tight  about 
the  walls — becoming  endangered  as  to  permanent  staunchness  by 
any  movements  due  to  change  of  temperature  or  to  flexibility. 

On  looking  at  the 
plan  of  the  building, 
Fig.  53,  it  will  be  seen 
that  around  all  the 
exterior  walls  at  a 
distance  of  about  7 
feet  from  them  runs 
a  range  of  cast-iron 
columns;  opposite  to 
each  of  these,  and 
close  to  the  internal 
face  of  the  wall,  is 
placed  a  half  column. 
The  columns  and  half 
columns  run  the  whole 
height  of  the  building, 
and  are  braced  to¬ 
gether  by  transverse 
framing  at  the  bases, 
at  the  mid  height  or 
that  of  the  great  gal¬ 
lery  floor,  and  at  their 
summits,  so  that  each 
pair  constitutes  in  a 
direction  transverse  to 
the  line  of  the  walls,  a 
piece  of  rigid  vertical 
framing.  At  the  side 
next  the  wall,  the  half 
column  is  bolted  to  the 
wall  at  four  places  in  its  height ;  allowance  being  made  in  the  bolt 
heads  for  the  rise  and  fall  of  the  iron  frame  in  relation  to  that  of  the 
wall  by  heat  and  cold. 

Again,  along  the  lines  that  divide  the  great  central  area  from  the 
four  surrounding  gallery  spaces,  a  double  range  of  columns  runs. 
These  columns  opposite,  in  pairs  and  in  the  same  planes  as  those 
next  the  walls,  are  placed  about  13J  feet  apart,  and  are  coupled  and 
braced  together  into  plates  of  vertical  framing  by  transverse  castings 
at  the  base,  at  mid  height,  and  at  top,  in  a  manner  generally  similar 
to  those  next  the  walls. 

All  the  columns  have  sections  quite  the  same  as  those  of  the 
Crystal  Palace  of  1851,  and  a  diameter  of  about  13|  inches,  with  a 
thickness  of  from  1  inch  to  J  approximately,  and  stand  upon  blocks 
of  stone  bedded  upon  footings  of  concrete.  The  lengths  of  the 
columns  are  about  25  feet;  and  those  of  the  upper  range,  which  are 
less  in  diameter  than  those  below,  are  cast  with  ribbed  flanges  to 
connect  with  each  other,  with  the  flat  castings  of  the  intermediate 
framing,  and  with  the  footings  of  the  great  curved  ribs  of  the  roofing, 
the  commencements  of  the  intrados  curves  of  which  are  produced 
in  those  wings  cast  on  to  the  columns. 

The  general  character  of  the  bracing  between  these  ranges  of 
columns  in  their  own  planes  will  be  seen  from  the  first  figure  in  Plate 
2  of  general  transverse  section  of  the  building.  It  will  thus  be  seen 
that,  all  round  the  interior  of  the  walls,  there  runs  a  free  alley  or 
narrow  aisle  between  the  columns  of  about  6  feet  wide,  and  all 
round  the  great  central  nave  or  space,  another  parallel  narrow  alley 
or  aisle  of  about  12^  feet  wide,  marked  out  by  the  lines  of  columns. 
The  cross  bracing  in  the  directions  transverse  to  these  aisles  gives 
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ample  rigidity  to  the  system  of  each  pair  of  columns,  without  any 
disfigurement  by  diagonal  stay  bars. 

The  great  gallery  floors  are  about  27  feet  above  the  ground  floor. 
These  are  sustained  by  a  range  of  columns,  rising  only  to  the  height 
of  these  floors,  midway  between  the  double  ranges  already  described, 
and  going  quite  round  the  building,  and  by  the  following  girders : — 

1.  Wrought-iron  plate  and  angle-iron  girders  passing  across 

the  heads  of  the  last  mentioned  columns,  and  connecting 
together  each  respective  pair  of  outside  (or  wall)  columns, 
with  the  inside  or  nave  columns.  These  are  about  39 
inches  deep,  and  nearly  75  feet  in  length,  transverse  to  the 
length  of  the  whole  building. 

2.  Cast-iron  trellissed  girders  of  about  the  same  depth,  and  of 

26  feet  3  inches  long  (which  is  the  interval  between  the 
columns),  running  at  right  angles  to  the  last  mentioned, 
and  connecting  the  columns  at  both  sides  of  the  double 
range. 

These  are  directly  connected  by  bolts  and  keyed  up  snugs,  with 
connecting  pieces  (much  like  those  of  the  building  of  1851)  fixed 
between  the  heads  of  the  lower  and  the  bases  of  the  upper  range  of 
columns,  and  bolted  to  both  by  lugs  as  in  those  of  1851.  The 
arrangement  of  the  keys  by  which  these  girders  are  tightened  up  is 
rather  different  from  those  of  1851;  but  for  these  and  other  minute 
details  we  must  refer  to  M.  Barrault’s  work.  Each  girder  is  cast 
in  five  bays,  and  the  webs  are  deeper  in  proportion  than  those  of 
1851.  The  bearing  ends  at  the  girders  are  supported  at  the 
columns,  not  only  by  the  snugs  upon  the  connecting  pieces,  but 
also  by  curved  cantilever  brackets  attached  to  the  columns  by 
bolts  and  nuts,  and  stepped  at  the  lower  edge  upon  a  distinct  snug  cast 
on  the  columns  to  receive  them,  with  adjusting  keys  for  level,  &c. 
These  brackets  are  nearly  7  feet  in  depth  at  the  columns  below  the 
bottom  webs  of  the  girders,  and  give  a  large  real  support  to  the 
latter,  as  well  as  powerfully  tending  to  stiflen  the  whole  fabric  from 
horizontal  motion. 

Between  the  wall  (external)  ranges  and  the  nave  (internal) 
ranges  of  coupled  columns,  five  ranges  of  cast-iron  girders  run 
parallel  to  those  last-mentioned,  and  connect  at  equal  intervals  the 
long  plate  iron  girders  mentioned  under  the  first  head. 

3.  All  these  girders  are  crossed  transversely  by  rolled  wrought- 
iron  double  T-joists  of  about  10  inches  in  depth,  at  distances 
of  rather  less  than  5  feet  apart,  which  are  wedged  with 
wood  keys  into  jaws  cast  upon  the  top  web  of  all  the  trellis 
girders  prepared  to  receive  them. 

Upon  these  wrought-iron  joists  a  heavy  tongued  and  grooved 
floor  of  fir  planks  is  laid,  to  form  the  platforms  of  the  galleries. 
Around  each  of  the  coffers  or  rectangular  spaces  formed  by  these 
joists  and  girders,  as  seen  from  beneath,  there  runs  a  fine  bold  set  of 
mouldings  of  a  cornice  character  in  fir  timber,  the  pieces  contribut¬ 
ing  which  are  bolted  to  and  through  the  joists  by  bolts  and  nuts 
sunk  into  and  concealed  by  the  wood.  To  these  wood  mouldings 
the  heavy  flooring  is  nailed  down ;  and  as  the  planking  is  above  2 
inches  thick,  and  the  beaming  only  5  feet,  sufficient  stiffness  is 
secured  without  any  other  extraneous  support.  Above  this  fir  floor, 
and  covering  its  upper  face,  a  fine  parquetted  floor  of  oak  is 
laid,  and  pinned  down  to  the  fir  through  the  joints,  in  the  usual 
way. 

This  describes  the  construction  taken  in  a  line  across  the  building, 
in  the  opposite  or  longitudinal  direction.  That  of  the  galleries,  at 
both  ends,  is  generically  the  same  ;  but  the  breadth  of  the  galleries 
is  less,  and  the  necessary  changes  accompany  that  of  dimensions. 
The  front  of  the  galleries  all  round  towards  the  great  central  nave, 
is  formed  by  a  cast-iron  balustrade  of  a  simple  and  bold  pattern, 
vertical  bars  forming  the  prevailing  characteristic  of  the  design. 


The  enormous  width  (90  feet)  given  to  this  gallery  the  cross  way 
of  the  building,  was  found  to  produce  a  deficiency  of  light  beneath, 
although  light  entered  not  only  from  the  free  side  next  the  well- 
lighted  nave,  but  from  the  great  windows  pierced  in  the  external 
walls ;  and  it  was  found  indispensable  to  perforate  the  floors  at 
intervals  with  large  rectangular  apertures,  as  directly  under  the  sky¬ 
light  of  the  lateral  roofs  as  possible,  to  increase  the  light  below  the 
floors. 

Passing  upwards  now  to  the  roofing,  which  is  generically  similar 
over  all  parts  of  the  building — so  that  a  description  of  that  of  the 
great  nave  will  convey  as  clear  a  notion  of  the  four  minor  roofs  as 
can  be  done  in  the  absence  of  detail  drawings — we  recur  to  the 
curved  wing  bracket  castings,  prepared  as  part  of  the  upper  range 
of  columns.  Immediately  upon  these,  and  upon  the  top  of  the 
intermediate  webbing  of  connections  between  the  coupled  ranges 
of  columns,  as  already  described,  a  set  of  panelled  frame  castings 
are  superimposed,  the  outer  ones  of  which  continue,  for  their  own 
height,  the  intrados  contour  of  the  curved  ribs  or  principals  of  the 
roof.  Over  every  pair  of  coupled  columns,  and  hence  at  about  26 
feet  apart,  one  of  the  great  curved  ribs,  or  iron  roof  principals  springs 
and  crosses  the  nave  with  a  clear  span  of  157  feet.  These  princi¬ 
pals  consist  each  of  two  concentric  arcs,  about  6-^  feet  apart,  formed 
of  angle  and  plate  iron,  in  T-sections,  connected  at  intervals  of 
from  8  to  9  feet  by  radial  struts  and  by  crossed  diagonals,  formed 
of  T-iron,  back  to  back — ail  the  junctions  being  made  by  rectangular 
lap-plates  (without  the  angles  being  shorn  off),  and  rivetted  up. 
These  principals  are  connected  at  in  ervals  of  about  8  or  9  feet  by 
purlins  of  wrought-iron,  formed  of  parallel  top  and  bottom  webs  of 
T-iron,  connected  by  cross  bars  of  flat  iron,  and  diagonals  arranged 
so  as  to  produce  girders  of  suspension  only.  These  cross  the  curved 
principals  in  planes  radial  to  the  curve  ;  and  being  not  more  than 
about  20  inches  in  depth,  their  lower  webs  are  connected  with  the 
intrados  arc  of  each  principal  by  quadrant  pieces  of  T-iron,  curv¬ 
ing  down  like  brackets  to  the  pr'ncipals,  and  from  the  various  angles 
that  the  planes  of  the  purlins  make  with  the  vertical,  producing 
a  very  elegant  effect  in  the  interior,  but  one  that  can  be  only 
judged  of  within  the  building  itself.  About  one-third  of  the  entire 
surface  of  the  roofing  consists  of  glass,  or  about  40  feet  of  inclined 
surface  of  glass  at  either  side  of  the  ridge.  This  continuous  sky¬ 
light — which,  like  all  the  other  glass  of  these  roofs,  is  of  rough  plate 
( depoli ) — is  formed  of  an  iron  framing  carrying  two  surfaces  of 
wrought-iron  sash  bars,  meeting  at  the  ridge.  Each  side  plane 
surface  springs  from  the  curved  exterior  of  the  roof  at  a  tangent 
nearly  to  the  point  where  the  fifth  purlin  from  the  centre  crosses 
the  principal.  The  skylight  had  no  provision  in  any  of  the  roofs  for 
ventilation  at  top  ;  and  the  want  of  this  was  one  of  the  most  serious 
structural  drawbacks  to  the'  Exhibition  of  1855.  In  fact,  the  general 
want  of  ventilation  was  such  that  a  large  expense  had  to  be  gone 
to,  and  great  injury  to  the  external  character  of  the  building  was 
produced,  by  temporary  expedients,  the  perforation  of  unsightly 
apertures,  &c.,  to  meet  the  difficulty  after  the  Exhibition  had 
opened. 

The  purlins  that  have  been  described  are  again  crossed  by 
cruciform  curved  ribs  of  iron  ;  and  between  these,  and  in  connec¬ 
tion  with  them,  a  skeleton  of  hardwood  is  affixed  to  the  iron  frame 
of  the  roof,  to  which  the  sheets  of  zinc,  of  about  20  inches  in  width, 
are  secured,  which  form  the  external  surface  of  the  roof.  These 
sheets  run  up  and  down  the  surface  of  the  roofing;  and  are  so  put 
on,  as  to  be  free  to  expand  and  contract  without  constraint,  either 
from  the  roof  frame  or  from  each  other. 

There  is  much  constructive  ability  and  ingenuity  shown  in  the 
methods  by  which  the  eaves  or  lower  edges  of  this  zinc  covering  are 
connected  with  the  broad  and  ample  gutters  that  run  round  all  the 
roofing,  and  also  with  those  on  the  summits  of  the  cornices  of  the 
external  walls.  Admirable  means  of  access  are  secured  to  the  outside 
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of  the  roofing  by  the  aid  of  these  gutters  and  the  platforms  above 
the  thirteen  feet  aisles  of  columns ;  and  perfect  facility  of  access 
or  examination  and  repair  was  provided  for  the  great  skylights  by 
means  of  a  small  tramway  of  iron  running  from  end  to  end  outside  the 
sash  bars.  The  roofing  when  first  erected,  however,  was  far  from 
staunch ;  and  so  great  was  the  evil  of  leakage  that  the  Prince  Presi¬ 
dent,  in  his  report  to  the  Emperor,  states  that  he  found  it  necessary 
to  organize  a  corps  of  leak  discoverers  and  stoppers,  and  to  instal 
them  “  en  permanence.” 

The  gable  ends  of  this  great  central  roof  are  vertical ;  they  are 
sustained  by  the  inner  row  of  the  end  ranges  of  coupled  columns 
for  their  entire  length ;  above  each  range  of  columns  taken  across 
the  span  and  above  the  level  of  the  curvilinear  roof,  springing 
cast-iron  uprights  of  hollow  rectangular  web  section  rise  until  they 
strike  the  curve  of  the  roof.  The  great  spaces  between  these  are 
filled  in  with  wrought  and  cast  iron  framing,  dividing  them  into 
separate  rectangles,  which  again  are  filled  in  by  wrought-iron  sash 
bars,  which  secures  the  vertical  glass  in  large  rectangular  panes. 
A  large  portion  of  these,  we  have  understood,  have  been  since 
1855  made  to  open  and  close  as  ventilating  louvres.  The  main 
cast-iron  framing  of  these  immense  gables  is  strutted  by  cast-iron 
ribs  placed  diagonally,  and  abutting  against  the  curved  principals 
of  the  two  transverse  end  gallery  roofs,  at  points  near  their 
springings. 

Upon  the  whole,  though  not  free  from  structural  defects,  we 
have  no  roof  in  Great  Britain  to  compare  in  magnitude,  dignity, 
and  beauty  of  proportion  with  this  great  central  nave  of  1855. 
Neither  that  of  the  Birmingham  Railway  Station,  nor  either  of  those 
at  Liverpool,  will  bear  such  a  comparison  ;  nor,  indeed,  can  the  palm 
even  of  structural  merit  be  awarded  them,  against  this  French  roof. 
The  Birmingham  roof,  lumpy  and  ponderous  in  appearance  inside, 
and  very  ill  lighted,  is  so  covered  that  a  few  years  must  see  its 
destruction  as  complete  (save  as  to  skeleton)  as  was  that  of  the 
Tythebarn  Street  Station  several  years  since,  and  tliar  only  a  very 
few  years  from  the  date  of  its  erection.  Galvanized  and  corrugated 
iron  are  poor  materials  for  roof  covering  in  our  climate.  The  Liver¬ 
pool  Lime  Street  Station  roof,  highly  creditable  as  it  is  as,  a  first 
attempt  at  the  construction  of  great  curvilinear  roofs  to  its  designer 
and  constructor,  Mr.  Turner,  will  not  bear  the  test  of  calculation  as 
to  the  ponderous  mass  of  material  employed  (and  often  with  but  a 
crude  judgment)  in  its  construction,  when  compared  with  its  span 
and  area. 

In  the  progress  of  erecting  this  great  roof  of  1855,  when  several 
of  the  curved  principals  had  been  already  reared  into  place  and 
were  temporarily  stayed  together,  a  gale  of  wind  arose  and  they  all 
bent  out  of  plumb  laterally  to  a  great  extent;  and  it  required  much 
labour  and  a  deal  of  ingenious  device  to  drag  them  back  again  to 
their  proper  places.  M.  Barrault  has  unreservedly  confessed  all 
this  in  his  work,  and  gives  details  of  the  methods  of  restoration  he 
adopted. 

Of  the  four  oilier  roofs  that  cover  the  area  of  the  Palais  de 
l'lndustrie,  two  run  parallel  to  the  great  centre  one,  and  two 
transverse  to  the  same  and  beyond  its  gables.  All  those  roofs  are 
exactly  one-halt  the  span  of  the  great  central  one,  and  at  the 
angles  of  the  building  connect  with  each  other  by  hips  and  ridges, 
leaving  all  clear  within.  A  large  portion  of  these  roofs  consists  of 
glass ;  their  construction  is  generically  quite  similar  to  that  of  the 
great  central  roof.  Besides  the  defects  of  ventilation  already  referred 
to,  and  which  was  in  vain  attempted  to  be  remedied  by  artificial  or 
forced  ventilation  during  the  Exhibition  period,  great  inconvenience 
was  experienced  from  the  powerful  effects  of  the  Parisian  sun 
penetrating  the  building;  and  this,  notwithstanding  that  the  glass 
was  all  roughed.  The  expedient  of  calico,  applied  externally  as  in 
1851,  was  resorted  to  ;  but  the  vast  height  of  the  roof  lights,  their 
wide  expanse,  almost  inaccessible  without  special  scaffolding,  soon 


proved  that  the  injuries  resulting  from  the  flapping  about  of  such 
material,  and  its  even  breaking  loose  and  damaging  the  glass  in 
windy  weather,  and  perhaps  the  dread  at  that  time  in  Paris  of 
intentional  conflagration  caused  its  removal.  The  calico  screens 
were  then  moved  to  the  interior,  and  stretched  between  the  roof 
principals,  at  angles  and  in  positions  to  intercept  the  sun’s  rays,  left 
nothing  to  be  desired. 

The  external  walls  by  which  this  great  building  is  encased,  and 
which  contain  its  side  window  lights  like  a  gigantic  frame  of  a  glass 
case,  are  of  stone,  based  upon  concrete.  The  cornice  originally 
designed  appears  to  have  been  heavier  than  that  actually  employed. 
The  walls  were  run  up  partly  in  the  winter  before  any  castings  for 
the  interior  were  on  the  ground.  After  the  cornice  had  been 
bedded  along  a  considerable  portion  of  one  side,  the  whole  length 
of  wall,  where  thus  the  centre  of  gravity  had  been  moved  out  (by 
the  imposition  of  the  cornice)  beyond  the  centre  of  thickness  of  the 
base,  began  to  show  signs  of  infirmity,  and  after  some  weeks  bulged 
into  a  curve  outwards,  and  got  in  some  places  nearly  ten  inches  out 
of  plumb.  Probably  this  would  never  have  happened  but  for  the 
provisions  in  the  contract  of  Messrs.  York  &  Co.  for  modifying  the 
design  as  they  should  deem  fit,  in  virtue  of  which  the  mass  of  the 
exterior  walls  seems  to  have  been  extremely  attenuated.  The 
architects  wrere,  however,  enabled  to  arrange  a  system  of  struts  and 
shores,  with  screw  jacks,  &c.,  attached  to  them,  by  which  they 
succeeded  in  forcing  back  to  plumb,  and  to  their  proper  position,  all 
those  portions  of  the  walls  that  had  given  out,  aiding  the  operations 
by  placing  the  cornice  blocks  which  they  had  unset,  now  for  the 
time  being,  upon  the  summits  of  the  wall,  but  with  a  large  overhang 
upon  the  inside  face  of  the  wall,  so  as  to  reverse  the  movement  of 
the  centre  of  gravity  to  which  they  attributed  the  original  distortion. 

Many  details  of  great  interest  to  the  engineer  and  architect  are 
given  by  M.  Barrault  in  his  large  work  upon  this  building,  to 
which  we  can  only  here  refer.  He  gives  a  complete  schedule  of 
the  weights  and  quantities  of  the  iron  work  of  every  part  of  the 
building,  a  narrative  of  the  organization  and  progress  of  the  work, 
and  in  detail  the  methods  of  calculation  and  their  results  by  which 
he  was  guided  as  to  strength,  &c„,  in  the  various  parts.  This  last  is 
a  very  good  example  of  the  method  of  calculating  extreme  con¬ 
ceivable  limits,  maximum  and  minimum,  as  to  stress,  and  choosing 
then  a  mean  strength  to  resist  the  most  probable  actual  maximum 
stress ;  in  cases  where  the  complexity  of  the  structure  and  of  the 
forces  applied,  precludes  altogether,  or  without  great  labour  and  time, 
any  exact  calculation.  In  this  way,  for  example,  he  shows  us  what 
aid  to  his  girders  he  expected  to  derive  from  his  brackets  at  the 
junctions  with  the  columns  beneath  ;  and  treats  other  like  ques¬ 
tions.  Amongst  these  is  that  of  the  probable  elastic  spread  of  the 
curved  roof  principals  due  to  their  own  load  and  that  imposed, 
measured  on  the  cord.  The  result  of  the  calculation  determined 
the  constructors  to  rivet  up  the  large  principals;  4'G8  inches  short 
on  the  cord-line  of  their  intended  span  when  in  place,  and  to 
forcibly  spread  them  that  much  in  erection,  so  as  to  place  an  initial 
tension  upon  the  intrados  rib,  about  equal  to  what  the  ultimate  cor¬ 
responding  compression  should  be  on  the  extrados  one,  so  that  when 
completed  all  parts  of  the  rool  principals  should  repose  in  mole¬ 
cular  equilibrium. 

The  water  from  all  the  roof  of  this  building  is  discharged  through 
the  columns,  and  laterally  at  their  bases,  beneath  the  sub-floor  of  the 
ground  level,  into  admirably  constructed  sewers,  of  a  magnitude 
sufficient  for  a  man  to  pass  through  everywhere. 

The  architectural  detail  of  the  several  entrance  and  exit  attached 
buildings,  which  also  have  iron  roofing  (though  not  curvilinear) 
with  flat  ceilings  beneath,  is  good,  and  especially  that  of  the  grand 
staircase  leading  to  the  galleries  from  the  great  entrance  at  the  north 
front,  a  detailed  section  of  the  interior  of  which  M.  Barrault  has 
given.  The  interior  ornamentation  in  relief  in  the  stone  work  here 
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shows  the  artistic  hand  of  the  French  architectural  sculptor  to 
advantage.  The  total  quantity  of  iron,  cast  and  wrought,  in  the 
building,  is  stated  at  55G4  tons  in  British  weight.  No  quantities 
are  given  for  the  masonry,  concrete,  or  wood-work. 

The  principals,  &c.,  of  the  great  nave  roof  were  erected  by  means 
of  derricks  mounted  upon  the  stages  of  a  travelling  scaffold,  which 
rolled  upon  a  double  line  of  railway  the  length  of  the  building.  The 
construction  of  this  presented  nothing  very  peculiar,  and  as  to  all 
the  hoisting  apparatus,  it  was  very  inferior  to  English  corresponding 
tackle.  The  French  even  to  this  day  have  never  quite  got  rid  of 
the  “  auld  warld”  notions  of  the  days  of  Belidor  and  Peyronnet,  as 
to  “grues”  and  winches,  which  still  are  frequently  framed  in  wood, 
and  have  none  of  the  rigidity,  lightness,  power,  and  adaptability  of 
our  iron  framed  derricks  and  gantreys.  The  high  price  of  iron  in 
France  has,  no  doubt,  contributed  to  this. 

The  interior  of  the  Grand  Palais  of  1855,  was  painted  a  cool  pure 
grey,  with  which  the  greenish  tint  of  the  wide-spread  surface  of 
glass  above  harmonized  well,  as  did  also  the  fine  bright  and  warm 
tint  of  the  oak  flooring  of  the  galleries.  The  predominent  masses  of 
colour  were  those  of  the  objects  disposed  for  exhibition,  and  of  the 
grand  pieces  of  glass  paintings  that  filled  the  gables  at  both  ends  of 
the  great  nave. 

Under  the  head  of  “  Conclusions  Generates,”  M.  Barrault  has 
passed  in  review  the  great  work  of  himself  and  his  “  collaborateurs,” 
and  with  a  pretty  firm  hand  pointed  out  all  of  what  he  deemed 
its  imperfections.  He  mentions  amongst  these  the  difficulty  of  effec¬ 
tually  taking  off  the  water  through  the  columns,  from  these  great 
surfaces,  and  of  unstopping  these  when  choked  from  any  cause. 
In  future  buildings  he  would  make  his  frame  castings  larger  and 
simpler,  and  deems  that  he  might  have  dispensed  with  some  of  the 
numerous  adjustments  by  keying  up,  applied  by  him  everywhere 
to  columns,  girders,  &c.,  &e.  The  scantling  of  the  smaller  princi¬ 
pals  he  thinks  might  have  been  reduced,  and  he  would  have  added 
to  that  of  the  great  principals. 

For  curved  principals  of  50  metres  span  he  considers  the  horizon¬ 
tal  webs  of  the  ribs  should  be  at  least  25  centimetres,  or  about  10 
inches  wide,  and  in  roofing  of  such  span,  that  to  avoid  heaviness  the 
principals  should  not  be  closer  than  35  to  40  feet.  He  also  comes 
to  the  conclusion  (from  his  experience  here)  that  along  the  length  of 
such  roofing,  at  about  every  300  feet,  a  coupled  pair  of  principals 
should  be  fixed  almost  close  together,  and  so  connected  as  to  allow 
free  expansion  and  contraction  lengthways  to  the  roof.  He  points 
out  many  serious  evils  attending  sheet  zinc  covering,  to  which  upon 
the  whole,  he  prefers  corrugated  galvanized  iron,  admitting  however, 
and  pointing  out,  the  special  evils  of  corrosion,  &c.,  to  which  the 
latter  is  liable ;  and  finally,  he  anticipates  that  surfaces  of  earthen¬ 
ware  will  yet  be  made  as  strong  and  durable  as  glass,  and  as  light 
but  free  from  its  extreme  brittleness,  which  may  be  employed  as 
covering  and  attached  direct  to  iron  frames,  no  part  of  which  should 
be  exposed  to  weather. 

We  do  not  join  in  M.  Barrault’s  hopes  that  a  vitreous  covering 
will  hereafter  be  enamelled  upon  sheet  iron,  as  flexible  and  hard  to 
detach  as  zinc  galvanizing,  and  be  impermeable  to  corrosion.  Nor 
do  his  remarks  nor  his  preference  of  galvanized  iron  to  sheet  zinc, 
however  true  perhaps  for  the  air  of  Paris,  at  all  apply  to  construc¬ 
tions  in  our  own  smoky  towns,  where  the  humid  air,  laden  with  the 
sulphur  acids  and  ammoniacal  salts  evolved  from  our  coal  fires, 
corrodes  through  and  through  this  material,  often  in  a  few  months. 
The  fate  of  the  galvanized  iron  step  corrugated  covering  of  the 
great  Tythebam  Street  Station  at  Liverpool,  designed  and  erected 
by  Fox,  Henderson,  &  Co.,  was  a  sufficient  proof  of  this.  Within  a 
very  few  years,  not  more  than  five  we  think  from  its  erection,  the 
covering  was  so  gone  as  to  be  absolutely  unsafe  to  walk  over,  and 
had  to  be  removed. 

M.  Barrault  points  out  the  evils  that  result  in  those  enormous 


skylights,  such  as  that  of  this  central  nave,  by  the  flexibility  of  the 
iron  frame  in  separating  the  putty  from  the  glass  and  iron,  and  pro¬ 
ducing  leakage,  and  the  disadvantages  they  present  in  want  of  easy 
access  (and  without  injury  to  the  frame)  for  repairs. 

He  comes  to  the  conclusion  that  about  50  to  GO  feet  is  the 
best  span  for  great  buildings,  and  adduces  some  very  cogent  grounds 
for  viewing  roofing  thus  arranged  as  better  than  covering  with  Pax¬ 
ton  ridge  and  furrow.  His  main  objections  to  the  latter  rest  on  the 
fact  that  the  Paxton  gutter,  if  made  no  larger  than  in  1851,  is  liable 
to  be  choked  even  by  a  single  large  leaf,  and  that  if  the  gutters  be 
made  at  once  permanent  and  capacious,  they  are  so  close  (only  8 
feet  apart)  that  this  sort  of  roofing  then  becomes  as  expensive,  if  not 
more  so,  than  others  of  large  span. 

We  pass  on  to  a  very  brief  description  of  the  structure  of  the 
other  buildings  of  the  great  group  of  1855.  Those  in  the  garden 
for  agricultural  implements,  domestic  improvements,  &c.,  were 
mere  timber  sheds.  Here  also,  as  will  be  seen  by  our  general 
ground  plan,  fig.  50,  stood  the  Panorama  of  the  Champs  Elysees. 
Around  this  a  circular  gallery  was  constructed  in  timber,  roofed  in 
three  concentric  spans  with  timber,  and  covered  with  sheet  zinc  and 
glazed  skylights.  The  largest  roof  span  was  about  42  feet ;  and 
the  annular  gallery  at  either  side  of  it  was  about  20  feet  in  width. 
The  interior  circle,  that  of  the  Panorama,  was  1G5  feet  diameter. 
This  building  was  connected  by  a  covered  passage,  roofed  in  with  zinc 
and  glass,  with  the  south  entrance  to  the  Palais  de  l’lndustrie,  while 
on  the  opposite  side  it  was  connected  with  the  enormous  annexe  of 
the  Quai,  at  an  oblique  angle,  by  a  covered  lattice  bridge  of  three 
spans,  with  intermediate  thin  piers  oi  masonry  thrown  over  the 
Chaussee  du  Cours  la  Reine,  and  roofed  chiefly  with  glass,  and  hav¬ 
ing  at  each  extremity  a  broad  and  grand  flight  of  steps  to  regain  the 
street  level.  The  circular  gallery  was  used  in  part  for  exhibition, 
but  also  for  the  refreshment  department  and  for  two  kitchens.  Bars, 
&c.,  were  established  in  positions  nearly  at  right  angles  to  the  line 
joining  the  Palais  with  the  annexe. 

Of  the  three  spans,  the  central  one  was  carried  some  feet  above 
the  two  lateral  ones  by  prolongation  of  the  uprights  carrying  ‘the 
former,  and  light  admitted  at  one  side  of  the  vertical  wall  above  the 
external  lateral  span. 

The  last  was  so  arranged  as  to  show  a  succession  of  small  pedi¬ 
ments  exteriorly,  all  round  the  great  circular  edifice.  The  tympanum 
of  each  was  filled  in  with  louvre  work  for  ventilation,  which  was 
also  otherwise  well  provided  for.  The  roofing  was  of  a  very 
simple  but  efficient  character,  the  ends  of  the  timbers  being  united 
to  a  great  extent  by  small  cast-iron  shoes  and  sockets,  and  gene¬ 
rally  the  object  held  in  view  of  preserving  the  timbers  as  unin¬ 
jured  as  possible  for  use  after  the  demolition.  The  exterior  plank¬ 
ing  was  not  rabatted,  as  was  the  case  with  that  of  the  great  Annexe, 
but  lap-jointed,  with  slips  nailed  on.  The  whole  exterior  surface 
was  painted  in  oil ;  the  interior  painted  in  tempera,  or  size  colour. 
There  is  nothing  very  noteworthy  about  this  building,  except  the 
extremely  short  time  within  which  it  was  completed,  only  thirty 
days  from  the  date  of  its  being  decided  on  and  ordered ;  and  when 
we  consider  that  it  covered  above  97,000  square  feet,  and  that  its 
form  was  circular,  and  its  junctions  with  both  the  great  buildings 
skewed,  this  expedition  would  have  been  creditable  anywhere. 
There  were  nearly  50  tons  of  cast  and  wrought  iron  in  fastenings,  &c., 
employed,  and  M.  Barrault  has  given  a  schedule  of  the  timber  and 
other  materials,  to  which  we  refer. 

The  Palais  des  Beaux  Arts  is  perhaps  rather  out  of  our  pro¬ 
gramme.  We  may  state,  however,  that  it  also  was  a  timber  structure, 
covered  with  zinc  and  glass,  and  lighted  from  the  roof ;  the  rays 
passing  through  the  external  rough  plate  glass  being  further  tem¬ 
pered  by  transmission  through  a  lower  ceiling  of  muffed  plate. 
Between  these  two  surfaces  the  ventilation  was  to  a  large  extent  pro¬ 
vided  for;  and  Prince  Napoleon  in  his  presidential  report  mentions 
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the  importance  of  this  interior  envelope  of  glass,  in  preserving  secure 
the  objects  of  art  from  all  access  of  rain  by  occasional  leakage  in 
the  outside  skylights. 

The  great  parallelogram  of  the  interior  was  divided,  and  the 
hanging  surfaces  multiplied,  by  numerous  screens  rising  from  the 
iloor.  The  front  of  this  building,  receding  in  a  sweeping  hollow 
from  the  Avenue  Montaigne,  though  completely  a  temporary  affair 
of  timber  and  plaster,  presented  a  very  fine  elevation.  A  covered 
facade  of  large  and  lofty  semicircular  headed  windows,  with  the 
entrances  in  their  lower  portions,  surmounted  by  a  bold  dentalled 
cornice,  and  flanked  at  either  side  by  massive  square  piers  with 
fluted  pilasters  at  the  angles,  and  capped  at  all  four  sides  by  arched 
pediments.  This  building  was  isolated  from  all  the  others,  not 
alone  by  necessity  of  site,  but  for  the  greater  safety  of  its  precious 
contents  from  fire.  It  embraced  a  second  entrance  from  the  Rue  de 
Marbeuf,  a  distinct  hall  for  sculpture  of  about  215  feet  by  72  feet 
wide — the  main  building  for  paintings  being  462  feet  by  198  or 
thereabouts— besides  a  refreshment  department  and  a  number  of 
store  rooms  and  necessary  offices  for  the  unpacking  and  arrangement 
of  the  objects  of  art,  &c. 

The  Great  Annexe  or  Gallerie  du  Quai  was  decided  upon  finally 
about  the  end  of  August,  1854 ;  by  the  1st  of  January  succeeding, 
the  whole  building  of  1200  metres  long  was  covered  in. 

It  was  executed  also  by  MM.  York  &  Co.,  and  apparently,  from 
a  design  proposed  by  themselves,  adopted  and  carried  out  under 
the  direction  of  the  architects  of  the  Palais. 

Essentially  it  consisted  of  a  vast  long  rectangle.  The  sides  com¬ 
posed  of  ranges  of  small  piers  in  stone-work,  with  a  batter  outside 
placed  at  about  20  feet  3  inches  apart  from  centre  to  centre,  each 
cruciform  in  section,  and  about  18  feet  in  height  above  the  floor 
level.  Upon  each  opposite  pair  of  these  piers,  semicircular  princi¬ 
pals  formed  of  angle  and  plate  iron  trellis,  quite  like  those  of  the  main 
building,  were  fixed  on  cast-iron  base-plates,  the  extreme  span 
being  nearly  89  feet,  The  side  walls  were  formed  of  timber  uprights, 
each  bay  being  divided  into  three  spaces  by  four  uprights,  two  at 
the  piers  and  half  sunk  into  them,  and  two  between  ;  all  having 
their  lower  ends  bedded  in  a  footing  of  masonry  extending  the 
whole  length.  The  tops  of  these  uprights  were  secured  to  a 
timber  lintel,  bolted  at  the  ends  to  the  cast-iron  base-plates  of  the 
curved  principals  on  top  of  the  piers.  The  dwarf  wall  or  masonry 
footing,  rose  above  the  surface  of  the  ground  to  the  same  height 
as  the  bases  of  the  piers,  and  so  formed  a  continuous  plinth  along 
the  whole  side  wall;  above  this  all  along,  was  a  ventilating  aper¬ 
ture  of  no  great  height,  and  above  that,  the  entire  height  was 
planked  up  with  fir,  in  boards  with  the  joints  vertical  and 
rabbeted,  with  narrow  intermediate  slips  between  each.  Hori¬ 
zontal  and  some  diagonal  pieces  between  the  upright  posts  gave 
stability  to  the  whole,  and  shortened  the  bearings  of  the  boarding. 

The  principals  were  crossed  by  timber  purlins,  trussed  by  iron 
tension  rods  beneath,  held  off  by  two  light  queen  struts  from  the 
lower  side  of  the  purlin,  and  divided  the  whole  length  of  the  princi¬ 
pal  into  sixteen  intervals.  Of  these,  six  were  crossed  at  top  by  a 
continuous  glazed  skylight  of  Tough  plate  glass  in  wood  bars  rab- 
bated  and  puttied.  These  were  carried  by  a  timber  light  framing 
above  the  outer  arc  of  the  principals  at  about  four  and  a  half  feet, 
and  the  glass  and  sash  bars  projected  about  the  same  over  the  last 
or  lowest  set  of  longitudinal  frames,  and  also  by  so  much,  overlapped 
the  planked  and  sheet  zinc  covering  about  to  be  described,  so  as  to 
admit  ventilation,  but  prevent  the  entrance  of  rain,  &c.  From  the 
skylight  down  to  the  springing  on  the  side  walls,  the  roof  was  covered 
with  fir  planking  laid  diagonally,  to  give  end  on  stiffness  to  the  roof¬ 
ing,  and  this  was  covered  with  sheet  zinc  laid  in  ranges  up  and 
down,  with  raised  rolls  and  roll  caps  between. 

The  floor  was  laid  upon  a  slight  general  slope  to  suit  the  fall  of 
the  ground;  it  was  of  fir  planking  with  spaces  between  the  edges  to 


receive  dust,  and  for  ventilation,  laid  upon  fir  joists,  resting  upon 
sleepers,  on  top  of  dwarf  walls.  For  one  half  the  entire  length  there 
was  a  double  gallery  above  the  floor  level,  subsequently  decided  on 
and  erected.  This  was  carried  by  a  double  range  of  cast-iron 
pillars,  which  in  front  of  the  gallery  rose  to  the  level  of  the  top  of 
the  balustrades,  and  were  provided  with  snugs,  &c.,  to  receive  the 
wrought-iron  lattice  girders,  stretching  the  length  way  of  the  building, 
which  at  once  sustained  the  gallery  floor,  resting  upon  or  suspended 
from  the  bottom  web,  and  formed  a  trellissed  front  balustrade  for 
the  galleries. 

From  this  front  girder  to  the  side  wall,  the  floor  was  sustained  by 
joists ;  the  ends  next  the  exterior  being  supported  by  the  masonry 
piers  and  from  the  intermediate  uprights  of  timber.  The  flooring 
of  the  galleries  was  also  of  fir,  hut  close  jointed.  Access  was  gained 
to  these  galleries,  by  staircases  at  the  eastern  grand  end  entrance  to 
the  Annexe,  and  also  by  others  established  at  four  points  along  their 
length  at  each  side. 

The  urinals  and  all  like  appendages,  were  placed  at  the  south  or 
rere  side  of  the  Annexe,  next  to  the  river  Seine. 

Besides  the  entrance  to  this  building  from  the  Panorama  bridge 
already  described,  at  a  point  a  little  east  of  the  centre  of  the  length, 
there  were  three  grand  vestibules  of  entrance — one  at  either  end, 
and  a  third  at  the  centre  of  the  length,  cutting  through  it,  both  at 
the  north  and  south  sides,  right  opposite  the  Pont  des  Invalides. 
The  end  buildings  were  solid  blocks  of  brick,  timber,  and  plaster, 
designed  in  a  very  grandiose  style  of  Greco-Roman  triumphal 
architecture,  and,  notwithstanding  the  material,  did  present  a  very 
imposing  elevation.  The  central  vestibule  does  not  appear  to  have 
been  so  happy  in  character ;  and,  indeed,  it  would  be  scarce  possible 
to  design  within  moderate  limits,  anything  that  could  look  well,  in 
combination  with  a  pair  of  wings  stretching  out  nearly  1800  feet  at 
either  side,  and  presenting  a  mere  repetition  of  pier  and  bay,  sur¬ 
mounted  by  a  lumpy  swelling  roof,  much  higher  than  the  base¬ 
ment  wall  from  which  it  sprung.  The  relative  positions  of  the 
entrances,  &c.,  will  be  seen  by  our  ground  plan,  Fig.  54. 


Fig.  54.  ; 
3937  feet. 


French  exhibition,  1855 — Plan  of  ends  and  centre  of  Annexd. 

M.  Barrault  has  given  a  complete  schedule  of  the  material  used 
in  one  bay  of  the  shell  of  this  building,  and  in  one  length  of  the 
gallery,  to  which  we  must  refer  those  desirous  of  more  minute 
information. 

For  the  removal  of  the  great  curved  principals  at  the  demolition 
of  the  building,  a  rolling  scaffold,  very  similar  to  that  by  which  they 
(as  well  as  those  of  the  Palais)  were  erected,  was  employed.  By 
its  means  four  principals  per  diem  were  safely  got  to  the  ground. 

This  building  leaked  very  much.  The  causes  of  leakage  were 
mainly  these  : — 1,  The,  sasli-bars  of  the  skylight  were  made  square 
in  section,  and  too  gross  in  scantling,  and  of  unseasoned  timber. 
The  result  was,  they  warped  and  cast,  by  alternations  of  dry  sun¬ 
shine  and  of  wet,  and  started  off  the  putty,  both  from  the  glass  and 
from  their  own  rabbates,  and  broke  the  glass  in  innumerable  places. 
The  necessity  of  repairing  this,  involved  almost  continual  walking 
over  the  exterior  of  the  roof ;  but,  2,  the  planking  was  too  thin  and 
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light,  and  its  practical  bearing  had  been  increased  by  its  being  laid 
diagonally.  It  yielded  more  or  less  under  the  weight  of  a  man,  and 
the  sheet  zinc  gave  down  with  it.  The  latter  became  hence  perma¬ 
nently  buckled  and  distorted  in  many  places,  and  separated  at  the 
rolls,  from  that  close  contact  with  the  roll  caps,  necessary  to  insure 
staunchness,  especially  in  windy  weather.  3.  The  skylight  was  one 
continuous  length  for  the  whole  extent ;  where  this  was  so  enor¬ 
mous,  the  small  changes  in  length  due  to  heat  and  cold,  and  hygro- 
metric  conditions,  affecting  the  trussed  purlins,  &c.,  resulted  in 
longitudinal  distortions  of  the  length  of  the  skylight  sufficient  to 
start  the  connection  of  the  putty  and  glass,  and  in  many  cases  to 
fracture  the  latter. 

There  can  be  no  doubt,  as  M.  Barrault  remarks,  that  the  roofing 
of  buildings  of  this  great  length,  and  more  especially  the  skylights, 
ought  to  be  subdivided  into  distinct  lengths  of  moderate  dimensions, 
and  so  connected  longitudinally  as  to  be  quite  free,  each  to  expand 
and  contract  independently. 

The  French  Exhibition  was  finally  closed  by  the  Emperor  in 
person,  with  the  distribution  of  the  honours  and  rewards.  The 
ceremony  took  place  in  the  grand  central  nave,  which  was  fitted  up 
specially  for  the  occasion,  everything  having 
been  first  removed  from  it.  The  throne 
was  placed  at  the  mid-length  of  one  side ; 
and  reserving  a  grand  central  ceremonial 
platform,  the  whole  of  the  remaining  space 
was  covered  with  ranges  of  rising  seats, 
from  which,  and  from  the  fronts  of  the 
galleries  all  round,  the  vast  assemblage 
looked  down  upon  the  glittering  and  excit¬ 
ing  ceremonial. 

In  taking  leave  now  of  this  grand  assem¬ 
blage  of  structures  by  which,  in  1855,  France 
reasserted  her  claims  to  the  admiration  of 

the  world,  we  cannot  but  be  struck  with  the  evidence  they  afford  of 
the  scientific  education  of  her  architects  and  engineers,  stamped 
upon  their  designs,  and  resulting  in  an  economy  of  material  and  an 
exactness  of  distribution  of  parts  too  often  evidently 
wanting  in  the  works  of  our  own  country.  But,  in  France, 
this  has  often  been  pushed  to  extreme,  sometimes  resulting 
in  inconvenient  failures  such  as  those  that  w7e  have  had 
to  record — failures,  however,  which  are  greatly  more 
excusable,  where  science  and  skill  have  obviously  done 
their  best  to  economize  material  and  labour,  than  when 
occurring,  as  they  sometimes  do  with  us,  where  plainly 
■  a  wasteful  surplusage  of  material  has  been  adopted  as  a 
cloak  to  ignorance  of  constructional  science,  arid  an 
expensive  safeguard,  against  its  otherwise  probably  disas¬ 
trous  results.  Again,  in  comparing  the  evidences  of  archi¬ 
tectural  taste  and  decorative  skill  displayed  in  those 
buildings  of  1855,  with  such  evidences  of  both  as  we  see 
in  England,  the  issue  is  equally  in  favour  of  our  neighbours. 

Lastly,  however,  in  the  practical  executive  power 
of  carrying  out  to  completion  a  design  once  chosen 
— if  it  be  of  a  constructive  character  only,  and  not 
involved  with  the  higher  decorative  arts  of  sculpture  and 
painting — we  bear  off  the  palm,  absolutely.  The  expe¬ 
rience  in  marshalling  great  bodies  of  skilled  and  unskilled 
labour;  the  tentative  knowledge  of  our  managers  and 
superintendents  in  every  branch  of  architecture  and  engin¬ 
eering;  and  the  manipulative  power  of  our  workmen,  as 
well  as  the  multiplied  and  improved  appliances  of  the  labour-saving 
sorts,  that  years  of  laborious  experience  have  provided  us  with — 
insure  in  England  a  rapidity  and  certainty  as  to  time  of  execution, 
and  solid  goodness  when  done,  that  have  no  rival  elsewhere. 

Following  the  order  in  time,  we  now  come  to  the  grand  Exhibi¬ 


tion  of  Fine  Art  and  Fine  Art  Manufacture  of  Manchester  of  the 
year  1857.  We  must  pass  over  its  origin  and  early  history  wholly. 
The  executive  committee  advertised  in  May,  1856,  for  designs  for 
a  suitable  building,  which  they  declared  must  be  fire-proof,  must 
cover  about  15,000  square  yards,  and  not  cost  more  than  £25,000, 
with  a  capability  of  erection  within  six  months.  A  number  of 
designs  were  received,  and  exhibited  publicly  at  the  Town  Hall,  and 
finally  the  design  and  tender  of  Messrs.  C.  D.  Young  &  Co.  of 
Edinburgh  was  adopted,  and  a  provisional  contract  made  with  them 
for  the  completion  of  the  building  by  1st  January,  1857,  for  the 
sum  of  £24,500,  under  penalties  as  to  excess  of  time  beyond  the 
15th  of  that  month. 

Messrs.  Young  &  Co.  had  been  the  constructors  of  the  corrugated 
iron  buildings  of  the  South  Kensington  museum,  generally  under¬ 
stood  to  have  been  designed  by  the  late  Sir  William  Cubitt,  C.E., 
and  but  too  well  known  by  the  opprobrious  title  of  “  The  Brompton 
Boilers.”  A  certain  boiler-like  character  probably  also  belonged 
to  the  design  chosen,  although  its  other  merits  may  have  warranted 
its  adoption,  and  Mr.  Salomons,  architect,  was  appointed  to  confer 
with  the  contractors  and  arrange  (without  material  increase  of  total 

Fig.  55. 


Manchester  Exhibition,  1857. — Front  elevation. 

cost)  for  the  modification  and  improvement  of  the  principal  facade, 
&c.  The  plans  so  improved  were  adopted  and  executed. 

The  elevation  of  this  fafade,  shown  in  fig.  55,  which  in  actuality 

Fig.  56. 


General  plan  of  the  Manchester  Exhibition,  1857. 
was  not  without  some  redeeming  features  ot  deep  shadows  and 
bold  marking  of  apertures,  but,  to  our  eye,  presented  still  a 
certain  lumpy  and  inharmonious  effect,  something  of  the  “boiler” 
character  that  is  probably  inseparable  from  a  semicylindrical  out¬ 
line,  unbroken  by  any  grand  masses  rising  beside  or  upon  it,  and 
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presenting  a  flat  face,  without  any  of  the  change  and  play  of  light 
produced  by  the  penumbral  surfaces  of  a  dome.  Fig.  56, 
gives  the  general  plan  of  the  building,  of  which  the  following  is  a 
sufficient  description ;  we  take  it  from  the  published  Report  of  the 
executive  committee,  royal  8vo,  1859,  Longman  &  Co.,  London  : 

“  The  general  plan  of  the  building  was  in  the  form  of  a  parallelo¬ 
gram,  700  feet  long  by  200  feet  wide,  its  length  being  in  the 
direction  from  East  to  West.  This  space  was  roofed  over  by  five 
roofs,  running  in  the  direction  of  the  length  of  the  building,  the 
two  outer  being  semicircular,  and  each  45  feet  span ;  the  centie  one 
also  semicular  and  56  feet  span,  and  the  intermediate  ones  of  the 
ordinary  hip  construction,  and  each  24  feet  span.  At  a  distance  of 
460  feet  from  the  main  or  eastern  entrance,  the  centre  and  the  24- 
feet  roofs  were  turned  right  and  left,  thus  forming  a  transept  in  the 
building  of  104  feet  in  width.  The  roofs  were  carried  by  cast-iron 
columns,  so  arranged  that  the  avenues,  48  feet  wide,  had  each  a 
height  at  the  centre  of  48  feet,  those  24  feet  wide  a  height  of  24 


proportion  of  light  opening,  viz.,  one-third  of  the  floor  space 
appeared  to  be  hit  upon,  and,  owing  to  the  great  height  of  the 
saloons,  the  light  became  so  diffused  that  there  was  no  glare  in  any 
place,  and  positively  no  shadow.  During  the  summer  months  the 
whole  of  the  skylights  in  the  picture  galleries  were  covered  exter¬ 
nally  with  calico,  to  protect  the  paintings  from  the  effects  of  the 
sun’s  rays. 

“  The  principals  of  the  roof  of  the  central  hall  and  transept  were 
made  of  plate-iron  16  inches  deep,  with  angle  irons  at  top  and 
bottom,  and  were,  in  fact,  bent  girders.  They  were  spaced  12  feet 
apart ;  the  columns  in  the  hall,  being  at  intervals  of  24  feet,  were 
connected  at  the  top  by  trellis  girders  of  wrought-iron,  so  that  the 
centre  of  each  girder  carried  an  intermediate  principal.  The  sim¬ 
plicity  of  this  mode  of  construction  was  productive  of  the  best 
possible  effect,  and  it  is  to  be  recommended  for  lightness  and  ele¬ 
gance  as  very  superior  to  the  system  of  principals  with  tie  rods  and 
braces,  which  was  adopted  in  the  roofs  over  the  picture  galleries. 


Fig.  57. 


Florence  Exhibition  1861 — deueral  plan. 


feet,  and  the  centre  arch  over  the  main  hall  a  height  of  65  feet. 
The  outer  side  walls  of  the  building  were  formed  of  corrugated 
iron,  fixed  with  the  ribbing  horizontal ;  and  by  an  ingenious  adapta¬ 
tion  the  sheets  were  fitted  into  waved-line  sockets,  prepared  in  the 
sides  of  the  cast-iron  supports,  and  fixed  there  so  as  to  be  com¬ 
pletely  water  tight  without  bolts  or  rivets,  and  thus  without  injury 
to  the  corrugated  plates  themselves.  The  inner  walls  of  both 
picture  galleries  were  of  wood,  framed  between  the  iron  columns, 
and  covered  on  both  sides  by  boarding.  Along  the  centre  of  each 
roof,  and  continuing  its  entire  length,  was  a  skylight,  having 
generally  an  opening  equal  to  one-third  of  the  span  of  the  roof. 
In  the  picture  galleries  the  light  was  thus  admitted  entirely  from 
overhead,  and  at  an  elevation  much  above  the  hanging  line  of  the 
pictures.  This  system  of  lighting  was  entirely  successful,  and  called 
forth  the  unqualified  approval  of  every  competent  judge  of  this 
most  essential  feature  in  a  good  gallery  for  paintings.  The  correct 


Messrs.  Young’s  original  design  contemplated  only  single  columns 
carrying  the  roof  in  the  main  hall.  During  the  construction  of  the 
building  these  were  found  to  be  insufficient  in  strength,  and  a  second 
column  was  introduced  throughout,  and  bracketed  to  the  original 
one,  with  great  advantage  not  only  to  the  solidity  of  the  building, 
but  to  the  general  architectural  effect. 

“  It  was  found  necessary  to  line  the  building  internally,  both 
walls  and  roof,  with  boarding,  for  the  security  of  the  pictures  and 
other  works  of  art,  and  for  the  satisfactory  accomplishment  of  the 
decoration.  Upon  this  boarding  calico  was  tightly  stretched  and 
nailed  ;  and  upon  this  again  was  placed  a  covering  either  of  orna¬ 
mental  paper  or  of  plain  paper,  for  the  reception  of  painting  or 
of  decorative  design. 

“  The  building  was  laid  with  open  flooring,  and  numerous  dwarf 
partition  walls  were  built  underneath,  principally  as  a  precaution 
against  fire.  There  was  a  gallery  at  the  east  end  of  the  building 
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across  the  main  hall,  and  the  transept  was  also  surrounded  by 
galleries  24  feet  wide.  The  space  at  the  west  end  of  the  main 
building,  which  was  origivally  intended  to  be  devoted  to  the  service 
of  the  refreshment  department,  was  changed  into  saloons  for  the 
exhibition  of  water-colour  drawings.  These  rooms  were  lighted 


g.58. 


Florence  Exhibition— Front  Facade. 


Italy.  Societies  analogous  to  our  farming  societies,  under  the 
name  of  Economico-agricultural  Societies,  have  long  existed  in 
many  of  the  great  provincial  towns,  even  down  to  remote  Melfi  ;  and 
these  have  held  great  occasional  exhibitions  of  general  produce,  agri- 


Fig.  59. 


like  the  main  galleries  from  above.  By  these  means  the  total  floor 
space  for  exhibition  purposes  was  increased  to  19,000  square  yards. 
The  fa£ade  of  the  building,  up  to  the  springing  of  the  roof  arches, 
was  in  red  and  white  brick,  and  was  the  design  of  Mr.  E.  Salomons. 
The  ends  of  the  three  semicircular  roofs  were  filled  in  with  orna¬ 
mental  designs,  executed  in  wood,  iron,  and  glass.  The  position  of 
the  refreshment  rooms,  retiring  rooms,  kitchens,  &c.,  will  be  seen 
on  reference  to  the  general  ground  plan.  These  additional  works, 
with  road-making,  drainage,  &c.,  increased  the  total  payments  made 
to  that  firm  to  the  sum  of  £39,001.  Other  works  and  fittings  con¬ 
nected  with  the  building  were  entrusted  to  local  contractors ;  and 
to  Mr.  J.  C.  Crace,  of  London,  is  due  the  entire  merit  of  the  internal 
decorations,  which  were  universally  admitted  to  be  most  appro¬ 
priate  and  successful.  The  general  tone  of  colour  was  grey,  or 
greenish  grey  (if  our  memory  be  correct),  relieved  by  tracery  and 
lines  of  red  and  of  white.  Some  of  the  side  picture  galleries 
appeared  to  us  to  want  light,  especially  in  dark  weather,  and  on 
occasions  when  the  smoky  atmosphere  of  Manchester  was  blown 
over  the  buildings.  Indeed,  to  us  it  seems  an  indispensable  condi¬ 
tion  to  the  perfection  of  lighting  all  great  picture  galleries,  that 
there  should  exist  a  ready  and  rapid  mode  of  modifying  the  extent 
of  lighting  surface,  and  hence  the  intensity  of  light  diffused  within. 
It  is  absurd  to  suppose  that  the  light  that  is  enough  and  not  too  much, 
in  the  noon  of  a  day  in  June  or  July,  will  be  sufficient  in  the  late 
afternoon  of  one  of  our  scowling  October  twilights  ;  or  that  the  light 
in  a  clear  day  of  late  autumn,  that  shall  be  good  and  sufficient  in  the 
forenoon,  shall  be  equally  so  late  in  the  day.  Some  sort  of  “  vela- 
brum,”  easily  drawn  and  easily  withdrawn,  should  form,  we  think, 
part  of  the  apparatus  of  illumination. 

One  more  Exhibition  and  its  building  must  engage  our  attention 
very  briefly,  much  too  briefly  for  its  deserts — before  passing  to  the 
building  and  Exhibition  of  the  current  year—  that  of  Florence  of  the 
last  year,  1861.  We  reproduce  a  general  plan  showing  the  site  and 
connection  of  the  principal  parts  and  adjuncts  of  this  with  the  main 
Exhibition  building,  Fig.  57,  and  two  vignette  views,  Fig.  58  and 
Fig.  59  of  the  front  fafade  and  exterior,  and  of  the  interior  of  the 
principal  building,  which,  as  will  be  seen,  is  a  permanent  and  solid 
architectural  structure,  at  once  the  proof  of  present  energy  and 
reality,  and  as  we  trust  the  type  of  the  permanence  and  power  that 
belong  to  the  future  of  United  Italy.  It  is  strange  how  little  atten¬ 
tion  generally  was  attracted  in  England  to  this  highly  interesting 
and  far  from  unimportant  display  of  Italian  industrial  resources. 

That  of  last  year  was  probably  the  best-developed  Exhibition 
that  Italy  has  yet  produced — much  superior  to  that  held  years 
back  at  Naples.  Similar  Exhibitions,  though  on  a  restricted  scale, 
have  not  been  unknown,  however,  previously  in  central  and  southern 


Florence  Exhibition—  Interior. 

cultural  and  industrial.  Bologna,  Perugia,  and  other  cities,  have  been 
the  scenes  of  several  such ;  and  in  all  cases  the  genius  of  Italy  has 
found  a  place  for  the  exposition  of  its  works  of  Art  also. 

The  Florentine  Exhibition  of  last  year  was  in  fact  fourfold : 
Industrial — the  objects  of  which  were  placed  in  the  great  rectangular 
two-storied  masonry  building,  and  in  the  octagon  attached  to  it — 
seen  in  our  block  plan,  Fig.  57 — and  in  the  great  rectangular  building 
between  the  octagon  and  the  cattle-show;  Fine  Arts — exhibited  partly 
in  the  preceding,  but  more  especially-  in  the  detached  building  seen 
on  the  right  of  the  main  entrance  oue ;  Agricultural — covering  the 
large  spaces  and  great  temporary  buildings  seen  on  the  left  of  the 
main  palace,  and  extending  up  to  the  Zoological  Garden,  at  the  top 
of  the  plan ;  and  Horticultural — displayed  in  the  hothouses  and 
gardens  surrounding  the  central  parts  of  the  Exhibition.  The  classifi¬ 
cation  of  objects  exhibited  was  generally  based  upon  that  of  Paris 
and  London,  but  rather  improved  upon  both  in  the  simplicity  and 
rigidity  of  method  on  which  its  principles  were  carried  out. 

Perhaps  nothing  was  more  striking  in  this  Exhibition  than  the 
rich  display  of  the  peculiar  agricultural  products  of  north  and  central 
Italy.  Within  the  brief  limits  we  can  afford  to  it,  probably  no 
clearer  notion  of  the  completeness  with  which  this  display  was 
organized  can  be  had,  than  from  a  simple  list  of  the  departments 
and  adjuncts  of  the  Exhibition,  as  depicted  on  the  block  plan : — 


The  royal  entrance,  right  in  front  of  entrance  and  facing  the 
statue  of  the  king. 

The  carriage  main  entrance,  to  the  right. 

The  carriage  exit,  to  the  left. 

Ingress  and  egress  for  foot  passengers,  still  further  to  the  right 
and  left. 

Money-taker’s  office,  to  the  right. 

Inspector  of  police’s  offices. 

Tickets  of  admission. 

Guard-house. 

Equestrian  statue  of  the  king,  Victor  Emanuel,  in  front. 
Covered  carriage  portico,  front  of  main  building. 

Entrance,  with  registering  apparatus  as  to  number,  i.e.,  for 
those  paying  at  money-taker’s  office. 

Entrance  for  ticket-holders  and  free  passes, 

Entrance  for  persons  in  carriages, 

The  vestibule  of  the  main  building, 

Inspector’s  inclosure. 

Right-hand  and  left-hand  passages  on  ground  floor. 

Staircases  to  the  floor  above,  four  in  all. 


]  All  in  or  around 
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Office  of  delegates  of  the  administration. 

Exit  for  those  on  foot. 

Inspector  of  the  guard. 

Officials  connected  with  the  lottery. 

Committees  to  the  Exhibition,  for  Florence,  Venice,  Rome,  and 
London. 

Attendants  ( commissari )  of  the  local  committee. 

Deputies  of  inspection. 

Medical  department  (scrvlzi  sanitari ),  i.e.,  those  in  charge  of 
ventilation,  &c. 

Resting  chamber  ( riposo ),  i.e.,  guard  bed  for  officers  after  duty. 

Office  of  the  newspapers. 

Editorship  of  the  Exposition  Journal. 

Hall  for  the  exhibition  of  jewels,  &c. 

Office  for  the  arrangement  of  the  Exhibition. 

Office  for  the  general  secreteriat. 

Office  for  the  master?  (le  signore). 

Urinals,  &c.  (in  various  places). 

Resting  or  sleeping  rooms  for  officials. 

Covered  portico  at  the  opposite  end  of  the  main  building  to 
the  grand  entrance,  and  connecting  it  with  the  octagon. 

Steam-engine  house  for  machinery  in  motion. 

Two  great  halls  for  sculpture,  detached  from  and  parallel  to 
the  main  building,  and  also  parallel  with  the  picture 
galleries.  There  are  also  picture  galleries  extending  the 
whole  length  of  the  ground  floor  of  the  main  building, 
upon  the  right  side  of  the  central  hall. 

Post-office. 

Telegraph-office,  and  adjoining  the  new  Pantelegraph  of  Signor 
Casilli. 

Hall  for  alabasters  (sculpture). 

Room  for  the  police  ?  ( sbirreria ). 

Photographic  exhibition,  in  passage  leading  to  the 

Great  picture  gallery. 

Apartments  for  accommodation  of  the  soldiers  on  guard. 

Store  rooms  for  picture  department, 

Photographic  establishment  employed  by  the  Exhibition. 

The  great  refreshment  room,  to  the  left  side  of  the  octagon. 

Head  office  ( residenza )  of  the  royal  commission  of  jurors  and 
examiners. 

The  great  octagon  building,  with  interior  garden. 

The  throne-room  at  its  upper  side,  opposite  the  main  building. 

Garden,  filling  the  interior  court  of  the  octagon. 

Grand  basin  and  fountain  ( Serra ). 

Hothouse  aquarium,  with  Victoria  Regia  grow'ing. 

Gallery  for  economic  devices  (like  Mr.  Twdning’s  of  Paris  in 
1855). 

Great  gallery  of  machinery. 

Great  stables,  for  the  show  of  horses. 

Bridge  across  the  canal,  leading  to  the  agricultural  exhibition. 

Field  for  horned  cattle,  with  six  large  covered  buildings  for 
cattle,  swine,  &c. 

The  Zoological  Garden,  approached  through  the  agricultural 
exhibition. 

Agricultural  implements. 

Offices  belonging  to  class  viii.,  viz.,  machinery  in  general. 

Small  lake,  supplying  water  for  the  cattle,  &c. 

Ground  to  the  left  of  main  building,  and  between  it  and  the 
machinery  department  and  horse  show,  laid  out  in  grass 
plots  and  gardens. 

Colossal  statue  of  Torricell,  centre  of  garden,  left  of  main 
building. 

Additional  stalls  for  cattle,  extending  the  whole  length  of  the 
boundary  of  the  ground  diagonally  along  the  front  of  the 
Exhibition. 


Statue  of  Bandini  (centre  of  main  building). 

Gate-keeper’s  lodge  of  the  agricultural  exhibition. 

Office  for  coats,  sticks,  &c. 

The  terraced  gallery,  or  continuous  balcony,  communicating 
with  the  staircases ;  and  with 

The  halls  for  pictures,  architectural  designs,  &c. 

Offices  for  the  picture  hangers. 

Water  supply. 

When  we  recollect  that  this  is  the  work  of  a  newT-born  nation, 
but  just  free  from  the  dust  and  tumult  of  a  contest  for  existence 
with  one  of  the  greatest  military  tyrannies  of  the  world,  our  sym¬ 
pathies  are  all  with  the  freed  spirits  that  have  already  shown  of  how 
much  they  are  capable,  and  we  echo  the  thought  of  her  sons,  “  Qual 
avvenire  e  riserbato  all'  Italia." 

We  at  length  arrive  at  the  Exhibition  just  about  to  open  at  South 
Kensington,  London.  Upon  ground,  acquired  by  the  commissioners 
of  the  Exhibition  of  1851  as  an  estate  by  the  expenditure  of  its 
surplus  funds,  to  the  south  of  Kensington  Gardens,  the  Royal  Horti¬ 
cultural  Society  had  established  its  new  garden  upon  a  finely  situated 
piece  of  land  sloping  to  the  south,  and  comprised  between  the 
Albert  and  the  Exhibition  Roads,  running  north  and  south,  (as 
seen  in  the  general  plan  given  in  Plate  5).  At  the  south  end  of  these 
gardens,  and  between  them  and  the  Cromwell  Road,  lay  a  vacant 
plot ;  and  to  the  east  and  west  flanks  of  the  garden  were  other  nar¬ 
row  strips  of  building  ground.  These  have  been  chosen  as  the  site 
of  the  existing  Exhibition  building.  In  some  respects  this  site  pos¬ 
sesses  great  capabilities,  and  is  admirably  adapted  to  its  purpose  ;  in 
others  it  is  unfavourable. 

The  garden  of  the  Royal  Horticultural  Society — in  size  and  dignity 
of  style,  laid  out  to  satisfy  good  taste,  with  an  imposing  background 
to  the  north  of  terraces,  conservatory,  and  fountains,  to  which  the 
eye  is  carried  up  over  the  fine  intervening  slope  of  pasture,  and 
surrounded  by  the  immense  loggia  or  arcade  of  enriched  Lombardic 
style  that  will  form  (partly  to  be  filled  even  this  year)  its  future 
orangeries  and  plant  houses — existed  as  a  neighbour  that  might  be 
made,  and  has  now  actually  become,  a  most  noble  addition  to  the 
general  display  of  the  Exhibition.  Against  this,  however,  were  the 
facts  that  the  unoccupied  site  was  only  just  large  enough,  if  com¬ 
pletely  built  over,  to  accommodate  the  demand  for  space ;  that  the 
intended  frontage  must  come  out,  therefore,  to  the  verge  of  the 
Cromwell  Road  ;  and  that  the  opposite  side  of  this  road  was  already 
to  a  great  extent  built  over— so  that  the  elevation  of  any  building  of 
more  than  a  thousand  feet  in  length  in  frontage  must  inevitably  be 
obscured,  thrown  for  many  hours  of  the  day  more  or  less  into  shadow, 
and  could  never  be  beheld  from  a  sufficient  distance  back  to  give  its 
proportions,  whether  good  or  bad,  fair  play. 

Again,  the  approaches  to  the  site  were,  and  continue  still  to  be, 
constricted,  few,  difficult,  and  dangerous,  for  the  approach  and  retro¬ 
gression  daily  of  multitudes  that  may  be  reckoned  by  tens  of  thou¬ 
sands.  The  site,  nevertheless,  was  chosen.  Some  subordinate  and 
covert  aims  (if  report  speaks  truly)  as  to  ultimate  ends  to  be  attained 
with  reference  to  the  future  removal  of  our  national  collections  of 
Fine  Art,  as  well  as  others,  to  a  permanent  buildmg  once  constructed 
at  South  Kensington,  had  probably  their  weight  in  overruling  such 
very  obvious  and  serious  objections.  Into  any  discussion  of  motives 
or  policy  in  the  decision  we  will  not  here  enter,  although  we  hope  in 
our  concluding  essays  to  state  our  views  upon  the  question  of  the 
advantages  and  disadvantages  of  the  removal  of  our  collections  to 
this  site,  fairly  and  distinctly.  Nor  do  we  propose  here  to  say  any¬ 
thing  in  approval  or  otherwise  of  the  fact  that  when  the  site  had 
been  fixed  upon  and  this  great  national  work  was  about  to  become 
realized,  all  those  whose  names  had  been  connected  in  honour 
with  the  creation  of  the  building  of  1851 — Fox,  Paxton,  Jones,  and 
others — were  passed  over ;  the  whole  architectural  profession  as  a 
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learned  and  expert  body  was  ignored  ;  no  opportunity  by  competi¬ 
tion  or  otherwise  was  permitted  for  deriving  any  assistance  or 
advantage  from  either  the  past  experience  of  the  former,  or  the 
authenticated  ability  of  the  latter  body  of  men  ;  and  for  reasons 
best  known  to  the  commissioners,  Captain  Fowke  of  the  Royal 
Engineers  was  appointed  sole  and  responsible  architect  for  the 
building. 

We  have  reason  to  believe  that  the  instructions  that  gentleman 
received  required  him  to  construct  for  the  immediate  purposes  of 
the  International  Exhibition,  a  building,  one  portion  of  which  should 
be  of  a  sufficiently  permanent  and  monumental  character  to  remain, 
and  after  the  close  of  the  Exhibition,  become  developed  into  the 
great  and  only  Metropolitan  National  Gallery  of  Fine  Art ;  that  the 
remainder  might  be  temporary,  though  of  an  ornamental  or  even 
somewhat  monumental  character ;  but  that  all  must  be  accom¬ 
plished  within  the  figures  as  to  cost  limited  by  the  commissioners, 
and  upon  the  site  chosen. 

We  are  not  the  apologists  of  Captain  Fowke  as  a  constructor  and 
architect,  supposing  him  to  require  one ;  nor  would  we  wish  to  be 
mentioned  among  the  many  who  have  unsparingly,  and  in  some 
cases  ignorantly,  showered  abuse  upon  his  work.  We  are  for¬ 
tunately  free  from  any  rivalry  or  professional  bitterness,  and  free  to 
express  our  thoughts  without  fear  or  favour,  and  with  no  limits  but 
those  of  justice  and  truth,  and  we  hope  to  do  so  in  the  concluding 
parts  of  this  work.  We  have,  however,  to  remark  here,  that  from 
the  conditions,  that  we  have  we  believe  correctly  described,  any 
architect  necessarily  approached  the  work  of  this  year’s  Exhibition 
building  trammelled  by  great  disadvantages. 

The  great  frontage  of  the  building  along  the  Cromwell  Road, 
which  we  reproduce  in  our  Plate  4,  for  example,  is  already 
familiar  to  multitudes.  It  has,  almost  with  one  voice,  been  con¬ 
demned  as  ugly  and  featureless,  and  having  no  one  element  of 
grandeur  but  size  about  it.  We  do  not  dispute  the  judgment,  but 
we  must  in  justice  add  that  we  have  had  the  advantage  of  some 
personal  explanations  on  the  subject  from  the  architect,  and  have 
been  shown  by  him  his  designs  for  this  fafade,  as  it  will  be,  when, 
and  if  ever,  finished  (for  it  must  be  now  viewed  as  but  the  rough 
brlcking-out  of  a  future  design) ;  and  we  are  bound  to  say  that  were 
it  incrusted  with  terra  cotta  panels  enriching  the  great  pilasters 
and  other  parts  of  the  face,  and  the  present  blank  window  spaces 
filled  in  from  end  to  end  with  a  grand  series  of  designs  in  solid 
mosaics,  rich  in  colour,  emblematic  of  art  and  science,  and  other 
works  to  which  we  cannot  now  refer  completed,  as  designed  by 
Captain  Fowke,  it  would  present  a  very  different  and  much  improved 
aspect  to  what  it  does  at  present.  We  must  reserve,  however,  from 
this  our  opinion,  that  the  lower  or  glazed  portion  of  the  windows 
of  this  front  as  now  framed  with  timber  lintels  visible  en  face,  and 
cast-iron  perforated  ventilators  in  them,  can  never  be  made  to  look 
well  or  to  harmonize  with  any  finished  remainder.  The  windows 
must  be  solid  carved  stone  or  terra  cotta  jambs  and  mullions,  with 
arch  or  other  headings  of  like  material,  and  show¬ 
ing  deep  reveals,  and  perhaps  projecting  balconies, 
if  ever  this  (at  best  awkward)  appropriation  of  the 
whole  arched  height  between  the  pilasters  is  to 
satisfy  the  eye  of  taste. 

Again,  were  all  this  done,  it  may  be  said,  the 
site  makes  it  useless  ;  the  opposite  houses  preclude 
our  seeing  the  front  of  the  building  except  in  small 
bits  at  a  time.  Quite  true ;  but  the  architect  did 
not  make  the  site,  it  was  dictated  to  him,  and  as 
we  ourselves  strongly  surmise,  with  this  in  view, 
that  should  the  building  become  a  national  gallery, 
the  houses  at  the  south  side  of  Cromwell  Road  should  be  purchased 
out,  and  a  sufficient  open  space  in  front  be  thus  ultimately  obtained. 

There  is  a  homely  proverb  as  to  who  should  not  see  unfinished 


work  designed.  Captain  Fowke  has,  we  think,  been  unfortunate,  in 
having  been  placed  by  the  unrevealed  intentions  of  the  commis¬ 
sioners  in  the  condition  of  having  his  incomplete  work  viewed  by 
the  public  as  finished  and  being  judged  accordingly,  for  the  present 
at  least.  That  he  is  capable  of  far  better  things  than  the  existing 
external  elevations  of  the  Exhibition  Building  seem  to  indicate,  is 
proved  by  the  two  new  halls  which  he  has  just  completed  for  the 
South  Kensington  Museum,  which  are  not  yet  opened,  but  which 
we  have  seen.  One  of  these,  in  particular,  any  architect  might  look 
upon  as  his  own  work,  with  complacency  and  satisfaction.  We 
have  done,  however,  with  this  vexed  part  of  our  subject — one  that 
we  could  not  wholly  avoid  touching  upon,  and  in  endeavouring  to 
hold  the  scales  even  as  to  which,  no  doubt  we  shall  incur  in  some 
quarters  animadversion. 

We  proceed  to  our  more  direct  task  of  giving  some  description  of 
the  construction  of  the  building. 

The  whole  structure  may  be  separated  into  three  classes  of  work 
— that  which  is  meant  to  be  permanent,  viz.,  the  front  fa§ade  and  the 
narrow  strips  of  brick  buildings  at  both  wings  running  north  and 
south ;  that  which  is  quasi  permanent,  viz.,  the  naves,  transepts,  domes, 
and  covered  courts  and  galleries  ;  and  that  which  is  absolutely  ephe¬ 
meral  in  the  annexes,  and  the  refreshment  rooms  over  the  arcades 
at  the  south-end  of  the  Horticultural  Garden.  Standing  at  the  centre 
of  the  front  in  Cromwell  Road  and  looking  at  the  Block  Plan,  Plate  5, 
we  have  the  front  building  of  1150  ft.  9  in.  extreme  length  stretch¬ 
ing  right  and  left,  with  a  general  width  of  50  feet,  and  two  stories 
in  height.  At  the  centre  is  the  grand  entrance-hall,  vestibule,  and 
within  these,  to  the  right  and  left,  the  grand  staircases  leading  to  the 
higher  floor ;  returning  southwards  vve  enter  a  hall  of  150  feet  in 
length,  intended,  we  believe,  for  sculpture  chiefly,  and  as  a  vestibule 
to  the  great  ranges  of  picture  galleries  to  the  east  and  west,  and 
extending  on  into  the  wing  tower  buildings  to  a  total  length  of  about 
500  feet  each  way.  These  are  apartments  grand  in  point  of  size, 
not  ill-proportioned 
(though  perhaps 
rather  narrow  in 
relation  to  their 
great  height)  for 
the  exhibition  of 
paintings,  and  are 
wholly  lighted  from 
the  roof.  By  the 
aid  of  future  deco- 


Fig.  60. 
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Exhibition,  1862 — Section  of  half  the  roof  of  the  picture 
gallery. 

ration  they  are  capable  of  being  made  a  truly  noble 
gallery. 

The  roof  is  covered  with  slate,  and  over  the  great 
ranges  comprised  between  the  central  block  and 
the  extreme  wing  only,  it  is  constructed  as  shown 
in  section  in  Fig.  GO — a  combination  of  iron  and 
timber,  with  central  continuous  skylight  and  side  vertical  flaps  for 
ventilation. 

Hereafter  it  is  intended  to  fix  horizontal  ground  glass  surfaces  in 
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the  coffer  above  the  cove  of  the  ceiling,  so  as  to  avoid  chance  of  wet 
entering  the  gallery,  to  hide  the  plain  skylight  by  the  transparent 
ceiling,  and  give  the  means,  if  required,  of  illumination  at  night 
without  injury  to  the  paintings.  The  cover  appears  to  be  duchess 
slating,  and  is  laid  upon  boarding. 

Fig.  61  is  a  transverse  section  of  the  roofing  over  the  central 
hall  or  vestibule,  which  has  a  deep  concave  ceiling,  the  framing 
being  formed  of  cast-iron  main  ribs,  connected  by  trellis  girders 
into  a  rectangular  lanthorn  above,  the  roof  of  which  is  again 
a  glazed  skylight.  The  sash  bars  in  all  the  skylights  of  this 
building  are  of  wood,  and  the  glass  greenish  rough  plate  in  panes 
about  15  inches  wide.  The  secondary  framing  of  this  roof  is  all  of 
wood,  and  the  cast-iron  main  ribs  appear  to  rest  upon  timber  wall- 
plates  at  foot.  Those  at  the  angles  are  connected  by  horizontal 
tie  bars  at  right  angles  to  each  other  above  the  wall-plate,  to  pre¬ 
vent  any  spreading.  Fig.  62  is  a  vertical  transverse  section  of 
the  roofing  over  the  angle  or  wing  towers  at  the  extreme  flanks 
of  the  front,  taken  through  the  oval  vertical  roof  lights,  which,  we 
think,  very  much  deform  those  parts  of  the  front.  The  general 
character  of  these  roofs  is  like  that  of  the  central  one.  All  are 
extremely  curvilinear  in  surface  up  to  the  lanthorn,  after  the  French 
school  of  Mansard  or  Le  Bran.  The  slating  has  been  very  ill  laid 
upon  them,  and  numbers  of  “  cocked  slates  ”  are  now  visible  from 
the  ground.  In  fact,  good  slating  could  not  be  laid  upon  this 
sharply  curved  surface  of  roof,  which  should  have  had  a  covering 
of  lead.  The  curved  slating  descends  to  the  gutters  behind  a 
pretty  high  parapet  along  the  front  and  sides.  The  space  between 
the  back  of  the  parapet  and  the  slates  is  not  more  than  a  foot  wide, 
if  so  much,  and  the  trough-like  space  thus  inclosed  is  from  4  to  5 
feet  deep.  It  will  get  completely  choked  with  snow,  in  even  a  fall  of 
5  or  6  inches  only,  which  will  lodge  against  the  slating  and  force 
wet  in  through  the  latter ;  and  this  space  is  so  confined  that  it  will 
be  scarcely  possible  to  clear  snow  away  by  hand,  without  injuring 
the  slating. 

Mr.  Crace,  the  eminent  decorator,  &c.,  who  has  been  intrusted 
with  the  painting  of  the  whole  interior  of  the  building,  has  coloured 
the  walls  of  the  vestibules,  staircases,  &c.,  intended  for  sculpture,  in 
tints  of  maroon  and  subdued  reds,  with  some  green.  Those  of  the 
picture  galleries  are  nearly  all  of  a  subdued  sage  green,  relieved 
along  the  cornices  and  strings,  ceiling  mouldings,  &c.,  by  stencilled 
ornaments  in  a  sort  of  cream  colour,  or,  as  it  is  styled,  “  vellum 
colour.” 

Striking  a  centre  line  north  and  south  through  the  building,  and 
excepting  all  those  portions  of  it,  such  as  halls,  vestibules,  staircases, 
refreshment  rooms,  and  passages  that  belong  equally  to  all  the 
world,  we  have  the  whole  of  the  space  to  the  right  of  the  line  occu¬ 
pied  by  British  and  British  colonial  exhibitors,  except  a  little  space 
for  China  and  Japan,  while  the  whole  of  the  corresponding  space  to 
the  left  is  devoted  to  foreign  nations.  Of  the  two  annexes,  the 
western,  next  Albert  Road,  is  for  machinery  in  motion  and  at  rest; 
the  eastern  for  raw  products,  agricultural  implements,  food,  &c., 
and  with  an  open  court  in  the  centre  that  will  probably  become  quite 
a  horticultural  show  in  green-house  and  hot-house  structures  and 
decorations.  This  last  annexe  is  approached  by  a  passage  of  40 
feet  in  width,  under  the  eastern  entrance  to  the  Horticultural  Society 
Garden.  Both  annexes  will  divide  space  with  our  foreign  exhibi¬ 
tors.  This  division  of  total  space  gives  the  ground  floor  beneath  the 
picture  galleries  which  we  have  been  describing  to  Great  Britain, 
upon  the  right  of  the  centre,  and  to  France  and  the  Zollverein, 
upon  the  left  of  it.  The  English  side  is  proposed  to  be  used  for 
carriages,  but  we  think  they  will  scarcely  be  exhibited  in  this  dark, 
sunken,  and  gloomy  apartment.  The  space  beneath  the  picture 
galleries  is  only  50  feet  in  width,  yet  it  is  encumbered  and  made  to 
a  great  extent  useless  as  well  as  ugly  by  two  ranges  of  cast-iron 
columns  extending  the  whole  length,  and  at  little  more  than  12  feet 


apart  lengthways,  so  that  viewed  across  the  building  some  are  oppo¬ 
site  window  openings  or  door  archways,  some  opposite  piers,  and 
others  in  all  sorts  of  ways  not  opposite  either.  This  we  cannot  help 
deeming  a  great  constructional  error.  The  floor  of  a  fine  art  gallery 
should  no  doubt  be  of  great  strength  and  stiffness,  as  it  may  be  called 
on  to  sustain  ponderous  works  in  marble ;  but 
all  the  necessary  strength  for  a  floor  of  50  feet 
wide  could  have  been  obtained  by  the  use  of 
plate-iron  cross  girders  without  a  single  column 
below,  and  if  columns  were  decided  on,  then 
their  mode  of  application  should  have 
been  different,  and  in  our  view,  by 
stretching  two  parallel  and  continu¬ 
ous  timber  or  iron  girders  the  whole 
length  of  the  building,  beneath  the 
flooring  joists  run¬ 
ning  across,  and  at 
intervals  of  some 
28  or  30  feet,  i.e., 
opposite  each  pair 
of  wall  piers,  plac¬ 
ing  a  pair  of  columns 
a  double  row,  if  any, 

(for  there  must  be) 
to  suit  the  end  en¬ 
trances.  This  would 
have  left  these  great 
rooms  unincum¬ 
bered  ;  at  present  they  look  like  stables  divided  by  stall  posts  for 
Brobdignag  horses.  What  the  French  and  Germans  intend  to  do 
with  their  like  crypts,  we  do  not  as  yet  know. 

We  have  nothing  of  general  description  to  add  as  to  this 
front  building,  except  that  the  means  of  ventilation  pro¬ 
vided  by  ingress  at  the  bottom  along  the  blanked  window 
spaces,  i.  e.,  over  the  lights  of  the  lower  rooms  last  referred 
to,  along  the  Cromwell  Road,  and  by  egress  at  the  skylight 
above,  will  no  doubt  prove  ample.  We 
have  great  misgivings,  however,  as  to  what 
amount  of  dust  may  be  also  carried  in 
upon  the  pictures  from  the  Cromwell  Road 
by  this  mode  of  vent  ’ 
of  the  summer,  and 
traffic,  or  rather  with 
up,  that  may  be 
anticipated  along 
this  road  in  front 
of  the  building,  and 
to  the  east  and  west 
of  it,  there  will  be 
no  possibility  of 
keeping  the  road 
surface  wet  during 
the  day;  and  we 
need  not  say  to 
those  who  remem¬ 
ber  the  Knights- 
bridgeroad  in  1851, 
what  sort  of  atmo¬ 
sphere  will  other¬ 
wise  pervade  and 
eddy  round  the  front 
of  this  building,  and 

be  constantly  sucked  in  amongst  the  pictures  and  their  admirers. 

As  we  have  already  had  occasion  to  refer  to  the  annexes,  we  may 
at  once  complete  their  description. 


iiauon.  in  me  neat 
with  the  prodigious 
the  perpetual  block 
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Fig.  63  and  Fig.  64  show  their  construction ;  the  former  being 
a  transverse  section,  showing  detail  of  one  span,  the  valley  between, 
and  part  of  a  second,  with  side  elevation  of  one  bay  at  A,  of  the 
uprights,  &c.,  forming  the  division  between  and  supporting  the 
spans,  together  with  the  lower  diagonals  b,  which  only  occur  at 
intervals  of  about  105  feet  in  the  length  way,  and  then  to  only  3  bays 
together,  the  upper  diagonals  going  all  through.  Fig.  64  is  an 
interior  elevation,  showing  the  construction  of  the  external  side  walls. 
Each  annexd  consists  of  several  parallel  spans,  each  of  about  50 
feet,  extending  in  the  case  of  the  western  one  to  more  than  900 
feet  in  length.  One  span  consists  of  wooden  uprights  nailed 
together  in  thin  flitches  ;  those  between  two  spans  being  cruciform 
in  section,  as  seen  in  enlarged  horizontal  section  at  c  an<l  d,  in  Fig. 
62,  for  the  pillars  of  the  outside  wall,  and  those  between  the  spans 
respectively.  These  just  prick  the  ground  as  a  sort  of  short 
piles,  and  rise  to  the  level  of  the  eaves,  and  are  spaced  lengthways 


the  level  of  the  eaves,  has  been  met  by  the  introduction  of  slender 
diagonal  struts  between  each  pair  of  principals.  These  abut 
against  the  wall  plates,  or  between  the  spans  against  the  gutter 
board,  and  meet  the  sides  of  the  principal  near  the  point  where  it 
is  intersected  by  the  longest  of  the  radial  struts.  We  believe  Cap¬ 
tain  Fowke  attaches  some  importance  to  the  construction  of  these 
annexes  as  a  structural  tour  de  force  in  covering  a  maximum  of 
height  and  space,  with  a  minimum  of  workmanship  and  material, 
and  certainly  the  building  is  not  devoid  of  ingenuity,  and  pushes 
courage  in  flimsiness,  almost  to  rashness.  We  do  not  mean  to 
convey  the  least  disparagement  or  sneer  in  this  expression.  This 
is  avowedly  the  absolutely  ephemeral  part  of  the  whole  structure. 
The  less  cost  it  has  been  erected  at,  provided  its  end  be  sufficiently 
met,  the  more  merit.  The  very  verge  of  weakness,  however,  has 
been  approached;  for  some  portions  of  the  external  walls,  and  even 
other  parts,  are  not  quite  free  from  distortion,  due  no  doubt  to  some 


Fig.  63. 
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Exhibition,  1862— Transverse  section  of  annexd  and  elevation  of  the  inner  and  outer  lines. 


Fig.  64. 


at  15  feet  apart;  each  opposite  pair  is  spliced  or  framed  into  a 
curved  principal  in  three  thicknesses  (we  might  more  properly  write 
thinnesses )  of  fir  (of  which  wood  the  whole  consists),  which  carry 
the  roof.  The  outside  walls  are  of  Scott’s  plaster  on  lathing. 
The  roof  is  thinly  boarded,  carried  by  light  purlins  reaching  from 
one  principal  to  the  other.  There  are  cast-iron  eaveshoots.  The 
boarding  is  covered  with  tarred  and  sanded  felt,  or  canvas  nailed  on. 
There  is  a  continuous  glazed  skylight,  wood-framed,  with  vertical 
ventilating  flaps  throughout ;  and  there  are  also  ventilators  of  the 
same  sort  along  the  external  walls  under  the  eaves.  The  gables  or 
ends  are  boarded  up  to  a  certain  height,  and  thence  upwards  are 
glazed  in  wooden  frames.  The  flooring  is  boarded  upon  common 
joists  laid  across  timber  sill  sleepers,  bedded  on  the  ground  with 
occasional  short  piles  beneath. 

The  roof  principals  are  so  thin  that  the  tendency  to  buckle  side¬ 
ways  by  compression  of  the  curved  rib  at  a  point  somewhat  below 


bits  of  local  carelessness  or  bad  workmanship.  We  can,  however, 
scarcely  think  it  was  wise  to  run  scantlings  so  fine,  that  a  rapid  and 
heavy  fall  of  snow  during  last  winter,  or  a  really  powerful  gale, 
would  have  in  all  likelihood  destroyed  the  whole  affair. 

A  line  of  railway  runs  along  beneath  each  span  of  the  western 
annexd,  with  a  continuous  sunk  pit  between  the  rails,  in  which  is 
laid  the  water  and  steam-pipes ;  the  latter  bringing  steam  from  the 
boilers  up  at  the  northern  end  to  the  various  engines  which  are  to 
be  at  work.  These  steam-pipes  are  provided  at  intervals  of  about 
100  feet,  with  fiat  disks  of  thin  plate-  iron  about  2  feet  6  inches 
diameter,  and  2  inches  thick,  placed  transverse  to  the  line  of  pipes, 
and  connected  with  them  by  spigot  and  faucets  in  the  centres  of 
the  opposite  sides.  The  bending  in  and  out  of  the  sides  of  these 
disk  plates  will  allow  for  the  expansion  and  contraction  of  the  great 
length  of  pipe. 

The  shafting  for  driving  the  machinery  in  motion  will  run  longi- 
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tudinally  the  entire  length,  and  is  carried  on  the  tops  of  slender 
fluted  columns,  with  bright  abacus  above  the  capitals,  upon  which 
the  pedestals  and  brasses  are  bolted  down.  The  bases  of  the 
columns  are  secured  to  blocks  of  brickwork  by  bed-plates  and  bolts. 
Now  to  us  it  seems,  that  in  any  exhibition  building  for  machinery 
in  motion,  these  cast-iron  shaft  columns  suggest  the  best,  simplest, 
and  stiffest  means  of  supporting  a  large  portion,  if  not  the  whole  of 
the  shed  itself.  By  so  employing  them  the  columns  themselves, 
now  an  encumbrance,  would  be  got  out  of  the  way.  The  columns 
would  necessarily  be  much  higher  than  they  now  are  for  the  pur¬ 
poses  of  support,  and  thus  without  any  extra  cost  the  shafting  itself 
could  have  been  placed  up  higher,  and  so  longer  straps  employed 
for  driving  the  machinery.  The  shortness  of  the  straps,  that  will 
now  he  inevitable  will,  we  apprehend,  be  found  a  source  of  annoy¬ 
ance,  and  by  involving  continual  tightening  up,  and  more  or  less 
flexure  therefore  in  the  lines  of  shafting,  demand  a  large  increase 
of  requisite  steam-power  to  drive  the  machinery. 

While  we  are  at  this  upper  part  of  the  site,  we  may  make  a  few 
remarks  upon  the  range  of  refreshment  rooms  constructed  over  the 
arcades  of  the  Horticultural  Garden,  which  are  also  themselves  to 
form  part  of  the  suite  of  eating  and  drinking  apartments.  We 
entirely  coincide  with  Captain  Philpotts’  opinion — expressed  in  his 
account  of  the  building,  read  in  December  last  before  the  Society  of 
Arts,  Adelphi— that  a  more  beautiful  site,  or  one  better  in  all 
respects  for  the  purpose,  could  not  have  been  found.  While  the 
physique  will  be  here  restored,  the  eye  and  mind,  wearied  and  thrown 
out  of  balance  by  the  distracting  bewilderment  of  the  Exhibition 
beneath,  may  here  find  the  refreshment  that  reposeful  looking  upon 
the  quiet  beauty  of  the  garden  will  present.  It  is  to  be  hoped  that 
this  repose  will  not  be  marred  and  broken  by  the  vulgar  bad  taste 
of  planting  bands  of  military  music,  on  grand  days  or  on  any  day, 
in  those  gardens.  Let  the  music  and  the  noise  be  confined  to  the 
interior  of  the  building — disturb  not  the  contrast  with  cultivated 
nature  alone  without.  We  also  think  with  Captain  Philpotts  that 
this  northern  facade,  seen  from  the  upper  part  of  the  Horticultural 
Garden,  will  probably  present  the  best  that  the  building  affords. 

The  central  portion,  through  which  the  triple  arched  entrance 
and  view  into  the  gardens  are  obtained,  rises  with  two  stories  and 
a  mezzanine  to  the  height  of  70  feet,  recessed  back  25  feet ;  at  either 
side  are  the  two-storied  long  refreshment  rooms  of  200  feet  long 
each,  and  rising  GO  feet;  and  then  come  in  the  wings  that  connect 
with  the  lateral  arcades  of  the  garden :  all  these  are  in  an  archi¬ 
tectural  style,  in  unison  with  the  surrounding  subjects.  Above  and 
to  the  rear  of  all  these  the  long  range  of  clerestory  lights  of  the 
nave  will  be  seen,  and  the  two  glass  domes  at  either  end — imposing 
in  size  and  glittering  transparency  at  least.  We  have  placed  these 
apartments  amongst  the  ephemeral  portions  of  the  Exhibition  build¬ 
ing  ;  and  as  respects  it  they  are,  and  must  be  so,  although  of  as  solid 
brick  and  mortar  as  the  most  solid  parts  of  it.  We  are  not  in 
possession  of  what  arrangements  may  exist  between  the  Commis¬ 
sioners  and  the  authorities  of  the  Horticultural  Gardens  as  to  the 
transfer  over  to  the  latter  for  other  uses  of  this  part  of  the  Exhi¬ 
bition  structure,  and  repayment  of  the  outlay  after  its  close;  but 
Captain  Philpotts  appears  to  hint  at  some  such  arrangement,  when 
he  informs  us  that,  “  no  matter  what  may  be  the  financial  results 
of  the  Exhibition,”  these  rooms  are  to  remain  and  form  part  of  the 
Horticultural  Gardens — not  for  a  permanent  junketing  establish¬ 
ment  in  connection  with  these  gardens,  we  do  hope. 

Let  us  now,  having  made  this  brief  survey  of  the  possibly  perma¬ 
nent,  and  of  the  certainly  fleeting  portions  of  the  building,  return  to 
our  stand-point  iu  centre  of  the  south  front,  and  by  the  aid  of  our 
Block  Plan  examine  the  remainder — that  which  we  have  called  the 
quasi  permanent  portion.  This  consists  of  the  great  nave,  800  feet 
in  length — equal  to  the  whole  length  of  the  Chester  Railway  Station 
— and  85  feet  wide,  and  rising  100  feet  in  height  to  the  ridge  of  the 


roof,  which  runs  east  and  west  parallel  with  the  south  front  building ; 
at  either  end  of  it  are  the  great  octagonal  spaces  between  the  two 
glass  domes,  each  135  feet  diameter  across  the  faces  of  the  octagon, 
the  domes  themselves  above  being  duodecagonal,  and  160  feet  across 
the  angles.  Passing  through  these  and  transverse  to  the  nave,  and 
therefore  running  north  and  south,  are  the  two  cross  naves  or  tran¬ 
septs — as  by  a  small  abuse  of  language  they  are  called — also  85  feet 
wide,  and  spreading  each  nearly  250  feet  in  length  north  and  south 
of  the  domes,  or  nearly  600  feet  in  length  right  through.  These  rise 
to  the  same  height  as  the  nave,  and  the  construction  of  nave  and 
transepts  is  identical.  The  ensemble  of  these  main  portions  form  in 
Plan  a  letter  H  with  short  vertical  legs.  The  space  between  the 
cross  dash  (nave)  and  the  Horticultural  Garden  or  refreshment 
rooms,  and  that  at  the  opposite  side  of  the  cross  dash  (or  nave) 
and  main  front  building  (picture  galleries),  are  wholly  roofed  over 
with  glass,  and  occupied  by  galleries  ranging  all  round  these  spaces, 
and  also  crossing  the  last-named  at  two  points  to  the  right  and  left 
of  the  front  central  entrance.  These  galleries,  floored  with  timber 
closely  laid  (the  general  floor  of  the  building  on  the  ground  level 
being  open-jointed  fir  boarding)  are  at  25  feet  above  the  ground, 
and  approached  by  several  staircases  of  timber  steps  laid  on  cast- 
iron  bearers.  These  galleries  have  a  general  width  of  50  feet,  and 
are  supported  by  cast-iron  trellis  girders,  of  the  Warren  girder  form, 
of  generally  25  feet  in  length,  Fig.  69,  in  elevation,  sectional  plan, 
and  transverse  sectiou,  which  is  the  distance  between  the  columns 
and  the  general  unit  of  space  throughout  the  structure — in  this  por¬ 
tion  at  least — as  24  feet  was  in  the  building  of  1851.  Running  quite 
round  the  spaces  that  we  have  described,  it  will  be  seen  that  along 
with  the  transverse  galleries  they  leave  a  central  space  north  of  the 
nave,  divided  into  three  open  areas  or  courts  (i.  e.,  open  to  the 
whole  height  of  the  glass  roof  from  the  ground  level),  two  of  which 
are  250  feet  by  87  feet,  and  the  third  150  feet  by  87  feet;  and 
another  central  space  south  of  the  nave,  likewise  divided  into  three 
courts,  tw’o  of  250  feet  by  200  feet,  and  the  third  of  150  feet  by 
200  feet. 

The  columns  which  support  these  various  galleries,  (Fig.  68  and 
74)  and  forming  a  triple  range  under  each  width  of  50  feet,  are 
carried  up  above  the  gallery  floor  25  feet  higher,  and  sustain  a  flat 
roofing  of  timber,  carried  on  lighter  cast-iron  trellis  girders  for  the 
whole  width  of  the  galleries.  In  the  open  areas  of  the  courts 
between,  however,  the  columns  are  distanced  at  50  feet  apart  in 
range,  and  carried  up  clear  to  a  height  of  50  feet,  where  they  are 
connected  by  wrought-iron  latticed  girders  of  50  feet  in  length, 
which  carry  the  glass  roofs  over  the  central  courts,  and  which  are 
generally  of  50  feet  span. 

Such  is  a  general  idea  of  the  distribution  of  space  within  the 
area.  Along  the  east  and  west  wings,  at  the  extreme  extensions, 
are  numerous  offices  and  adjuncts,  lavatories,  water-closets,  &c. ;  and 
auxiliary  or  smaller  picture-galleries  along  the  wings.  Entering 
the  grand  south  portico,  or  by  either  of  the  wing  entrances,  we 
ascend  a  few  steps,  differing  in  number  to  suit  the  exterior  ground; 
and  when  we  stand  upon  the  platform  of  the  outer  vestibule,  or  upon 
that  beneath  either  dome,  we  find  we  are  five  or  six  feet  above  the 
general  floor  level  of  the  rest  of  the  building,  to  which  we  have  to 
descend  by  flights  of  broad  steps. 

This  has  been  attempted  to  be  advanced  as  a  ground  of  merit  in 
the  building,  to  which  this  sunken  floor  is  assumed  (when  once  we 
are  upon  it)  to  give  increased  loftiness,  &c.,  while  the  parts  level 
with  the  ground  outside  are  called  daises.  We  deem  it  a  decisive 
mistake,  and  one  which  Captain  Philpotts’  explanation  does  not 
remove. 

The  site  was  naturally  5  or  6  feet  below  the  level  of  the  sur¬ 
rounding  roads  ;  the  funds  presented  for  Captain  Fowke’s  expendi¬ 
ture  were  inadequate  to  his  original  design — small  even  for  what 
he  has  been  enabled  to  carry  out  Hence  it  was  an  object,  it  is 
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said,  to  save  the  work  necessary  to  have  brought  up  the  whole  floor 
to  the  level  of  the  entrances.  We  greatly  doubt  that  any  increased 
expense  would  necessarily  have  been  incurred,  by  carrying  the 
footings  of  the  columns  6  feet  higher,  and  so  bringing  the  floor 
up  that  much,  and  raising  the  whole  interior  building  along  with  it, 
worthy  of  consideration,  beside  the  increased  beauty  and  complete¬ 
ness  of  effect  that  would  have  resulted ;  and  rather  than  have 
retained  the  floor  at  its  present  sunk  level,  we  should  have  preferred 
to  have  left  the  bases  of  the  columns  where  they  stand,  and  have 
taken  the  requisite  height  off’  the  building.  It  by  no  means  follows 
that  the  great  south,  east,  and  west  wing  buildings  must  have  been 
also  raised  5  feet  higher  than  before  to  have  effected  this. 

Let  us  now,  before  turning  to  further  structural  details,  take  a 
glance  at  the  east  and  west  wing  elevations — both  quite  the  same — 
and  of  one  of  which  we  present  an  illustration  in  Plate  No.  4.  We 
think  these  present  the  best  elevations  of  any  part  of  the  building. 
They  are  symmetrical,  and  having  the  glass  dome  in  the  centre  of  the 
length,  and  seen  above  the  great  central  arched  entrance,  a  certain 
massiveness  and  unity  present  themselves,  which  are  greatly  want¬ 
ing  in  the  front  facade.  The  central  block  or  porch  is  162  feet  in 
extreme  width,  and  in  the  centre  is  opened  by  a  deeply  recessed  and 
certainly  huge  semicircular  arch  of  68  feet  span  and  80  feet  in  height 
to  the  soffit. 

The  band  of  this  arch,  as  well  as  its  side  vertical  jambs,  consist  of 
several  massive  square  recessed  rings  of  brickwork,  which  of  course 
admit  of  enrichment  hereafter,  and  at  present  have  a  decidedly  grand 
effect  in  the  way  of  size  and  of  light  and  of  deep  shade.  The  tym¬ 
panum  of  the  semicircular  recess  is  flat,  with  radial  panels  externally 
in  plaster,  and  in  the  centre  at  each  end  will  be  a  great  rose-light 
window  in  stained  glass.  One  of  these  is  already  completed  by  an 
exhibitor,  and  seen  from  the  interior  and  further  end,  there  can  be  no 
doubt  that  the  effect  will  be  fine.  At  each  side  of  this  great  central 
archway  there  are  minor  recessed  and  arched  porches  forming  wings 
of  36  feet  wide  to  the  flanks  of  this  central  block.  Within  these  are 
staircases.  Above,  the  whole  centre  block  is  finished  at  present  by 
a  steeply  pitched  sort  of  pediment  in  brick,  finished  with  a  perforated 
parapet  and  capping.  This  perforation  may  probably  be  but  a 
temporary  affair  (it  appears  from  the  ground  either  wood  or  plaster), 
but  to  our  eye  it  is  extremely  ugly.  Its  design — nothing  but  a 
repetition  of  great  lumpy  intersecting  square  sectioned  rings — seems 
alike  devoid  of  invention  as  of  beauty.  Beneath  the  great  central 
arch  the  width  is  filled  up  for  a  certain  height  by  narrow  Lombard¬ 
like  arches,  forming  a  sort  of  broad  arcaded  frame,  through  the 
openings  of  which  the  several  classes  of  visitors  will  be  filtered  pre¬ 
vious  to  admission.  This  sort  of  arrangement  and  architectural 
style  is  that  common  to  all  the  entrances.  Above  the  arcade  are 
certain  balconies  projecting  forward,  but  still  all  beneath  the  cover 
of  the  great  arched  span  above.  This  arcaded  filling-in  is  certainly 
not  devoid  of  suitability  and  beauty.  The  face  of  the  brickwork 
along  these  flanks  as  at  the  south  front,  is  relieved  by  pilasters,  &c. 

On  each  side  of  this  central  block  the  external  walls  spread  north 
and  south  235  feet.  These  consist  of  a  deep  plinth  running  the 
whole  length,  and  above  it  a  succession  of  panels  produced  by  a  series 
of  coupled  semicircular  arched  recesses  with  pilasters  between  ;  and 
above  all  a  corbelled  brick  cornice.  Within  these  walls  are  the 
auxiliary  picture  galleries,  and  a  host  of  minor  offices  and  adjuncts. 
Captain  Fowke  has  explained  to  us  that  his  original  intention  was 
to  have  carried  these  walls  to  the  range  height  with  the  south  front 
angle  tov'ers,  and  with  the  east  and  west  central  blocks  ;  but  that 
the  reduction  demanded  in  the  cost  of  the  first  design  precluded  this, 
and  obliged  him  to  leave  these  external  wing  walls  at  their  present 
height  of  36  feet  or  thereabouts.  We  must,  therefore,  in  criticising 
the  present  character  of  these  flank  elevations  be  just,  by  bearing  in 
mind  the  statement  of  the  architect,  that  they  are  in  all  respects 
uncompleted  designs.  The  northern  ends  of  the  flanks  are  finished 


by  towers  of  rather  less  size,  but  generally  corresponding  to  those  at 
the  angles  of  the  front  elevation. 

The  same  objections  to  the  wood-framed  windows  and  iron  ven¬ 
tilators  at  the  bottom  part  of  the  arched  recesses  that  we  have  made 
as  respects  the  front,  apply  to  these  flanks.  Over  the  recessed  walls 
of  the  flanks  we  see  part  of  the  roof  of  the  auxiliary  picture  gal¬ 
leries  ;  and  above  and  beyond  these  the  range  of  clerestory  windows 
of  the  transepts.  Above  these  the  exterior  of  the  transept  roof  is 
visible,  and  looks  by  no  means  well  from  its  temporary  character, 
and  want  of  colour  or  subdivision  of  surface. 

Over  the  central  block,  when  we  obtain  a  proper  distance,  the  glass 
dome  is  seen  rising  to  a  height  of  200  feet,  and  with  a  gilded  finial 
rising  55  feet  higher  still.  Here  the  best  view  from  any  near  point 
is  obtained  of  these  domes.  We  will  not  say  their  effect  is  bad — it 
is  certainly  very  striking  from  mere  magnitude — but  we  reluctantly 
confess  we  do  not  think  it  can  be  pronounced  satisfactory.  Seen 
from  any  point  except  one,  directly  in  a  line  passing  through  the 
centre  of  one  side  of  the  polygon,  or  exactly  through  one  of  the 
angles,  the  outline  appears  gibbous  and  lop-sided.  This  is  common 
to  all  polygonal  domes ;  and  although  domes  thus  fashioned  have 
the  weighty  authority  of  architectural  names,  such  as  those  of 
Bramante  and  Brunelleschi,  we  venture  heretically  to  say  they  are  a 
radical  mistake,  and  that  every  dome,  whatever  be  its  curve,  should 
be  a  solid  of  revolution  ;  and  if fully  discussed,  we  suspect  the  weight 
of  past  architectural  authority  would  coincide  with  our  view.  But 
besides  this,  when  pretty  near,  these  glass  domes  are  seen  through 
and  through,  the  glass,  except  at  a  few  points  where  it  reflects  the 
light,  seems  to  vanish  almost  from  the  eye,  and  we  see  the  naked 
ribs  and  framing  standing  up  as  it  were,  and  supporting  nothing 
except  the  finials,  the  outlines,  and  indeed  every  part  of  which, 
appear  tous  graceful,  and  the  lower  portions  extremely  good.  The 
only  place  whence  these  domes  are  really  striking  and  grand  objects 
is  from  a  mile  or  two  miles  away.  Seen  in  the  clear  light  of  morn¬ 
ing  from  the  high  grounds  of  Wandsworth  or  Clapham,  they  look 
exceedingly  beautiful,  and  still  quite  preserve  their  impressiveness  as 
to  size  and  altitude.  As  seen  from  the  interior  and  from  all  pretty 
near  points  of  view  outside,  we  venture  to  suggest  that  a  liberal  intro¬ 
duction  of  great  bands  of  ground  glass,  with  intervening  ones  of 
lightly  tinted  stained  glass,  and  perhaps  with  great  transparent 
diapered  paterns  running  through  all,  so  as  to  give  a  certain  air  of 
solidity  with  translucency,  and  to  hide  the  framing  and  diagonals, 
&c.,  would  hereafter  greatly  improve  the  appearance  of  these  domes, 
if  they  are  to  be  permanent. 

Returning  for  a  moment  to  the  auxiliary  picture  galleries — these 
can  be  approached  either  through  the  angle  towers  of  the  front,  so 
as  to  be  part  of  the  one  great  suite  of  rooms,  or  by  the  staircases 
in  the  flank  centre  towers  already  alluded  to.  These  auxiliary 
rooms  are  four,  each  nearly  250  feet  long,  25  feet  wide,  and  17  feet 
high,  lighted  and  ventilated  quite  as  are  the  large  galleries  in  front. 

All  the  picture  galleries  together  produce  4600  lineal  feet  of 
hanging  space  of  from  17  to  30  feet  in  height;  and  if  only  three- 
fourths  of  the  whole  be  hung  with  pictures,  Captain  Philpotts  informs 
us  that  we  shall  have  a  field  of  an  acre  and  a  half  in  surface  of 
paintings  to  look  at,  and  that  one  turn  round  the  galleries  will  be  to 
walk  a  mile  within  a  few  yards.  This  very  hugeness  suggests  some 
important  questions  as  to  the  value  of  Exhibitions  on  such  a  scale, 
opened  for  so  limited  a  time,  which,  though  admitting  of  the  pic¬ 
tures  being  seen,  scarcely  admit  of  their  being  in  any  sense  studied. 

We  now  proceed  to  describe  some  of  the  structural  details  of  the 
interior  of  the  building ;  having,  as  we  hope,  given  some  general 
notion  of  its  ground  plan  and  arrangement,  and  of  the  character  of 
its  externals. 

Both  in  dimensions  and  construction  the  central  nave  and  the 
transepts  are  similar,  and  the  description  of  one  will  apply  equally 
to  the  other. 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


Fig.  65  is  a  tranverse  section  through  the  nave  or  transepts,  and 
elevation  of  the  covered  roof  principals,  with  its  sustaining  columns, 
&c. ;  and  Fig.  66  is  an  elevation  seen  from  the  interior  of  one  bay 
between  two  principals,  forming  so  much  of  one  side  of  the  nave. 
The  roof  principals  are  supported  upon  coupled  columns,  the  square 
ones  of  which  also  support  the  galleries  at  their  sides  next  the 
nave.  Each  pair  consists  of  a  square  column,  with  the  angles 
quadrant-rounded  and  recessed,  of  12  inches  across  the  opposite 
sides,  and  50  feet  in  length,  in  two  pieces  fiange-jointed  together  at 
the  level  of  the  gallery  floor,  25  feet  above  the  ground,  and  of  a 
cylindrical  column  of  the  same  height  and  diameter,  and  similarly 
jointed.  The  square  column  is  next  the  side,  and  the  cylindrical 
next  the  centre  of  the  nave. 

The  lower  ends  or  bases  of  these  columns  are  flanged  and 
bracketed,  and  stand  upon  slabs  of  York  landings,  six  inches  thick, 
bedded  upou  brick  and  mortar  footings,  built  up  from  a  solid  foundation 
to  one  uniform  level  of  18  inches  under  the  nave  floor.  The  lower 
ends  of  the  columns  are  shown  in  Fig.  67.  The  moulded  ornamen¬ 
tal  bases  are  made  separate  and  hollow, 
as  shown  in  section,  but  with  ditferent 
mouldings,  and  fitted  round  the  columns 
after  they  were  fixed.  Fig. 

68  shows  both  in  front  ele-  FlS' 65- 
vation  parallel  to  the  length 
of  the  nave,  and  in  trans¬ 
verse  section  at 
right  angles  there- 


Exhibition,  1862 — Transverse 
section  of  half  the  nave. 


Scale — l-14th  inch  =  1  foot, 


to,  the  construction  of 
these  columns  at  the 
gallery  level,  and  the 
modes  of  construction  and 
attachment  of  the  galleries’  girders  to  them. 

The  mid-meeting  joints  of  the  columns  are 
covered  by  thin,  hollow  cast-iron  neck  mould¬ 
ings,  with  square  and  octagon  fillets  at  the 
centre  of  the  height.  The  two  columns  are 
connected  at  top,  and  also  at  the  mid  height, 
by  a  half-lapped  flat  projection  from  each, 
through  the  centre  of  the  lap  of  which  a 
single  bolt  passes.  It  would  be  difficult  to 
devise  a  weaker  or  much  more  unworkman¬ 
like  coupling  than  this  half-lap  arrangement  affords.  The  section 
of  all  the  square  columns  throughout  the  building  is  similar  to  those 
of  the  naves,  and  as  shown  in  Fig.  73.  It  will  be  seen  that  it  is  in 
fact  generically  the  same  section  as  that  suggested  by  the  late  Sir 
Charles  Barry,  and  adopted  at  the  building  of  1851,  which  was  a 
circle  with  four  broad  flat  fillets  coinciding  with  the  sides  of  the 
circumscribing  square,  each  flat  fillet  being  about  equal  to  the 
radius  of  the  cylinder.  In  these  columns  the  flat  fillets  have  been 
enormously  increased  in  breadth,  and  the  radius  of  the  quarter- 
cylinder  angles  reduced,  until  they  have  ceased  to  present  any  idea 
of  a  cylinder  and  a  square  prism  united  into  a  column,  and  have 
become  in  fact  mere  angle  reeds.  We  cannot  think  the  variation 
is  an  advantage;  we  readily  admit  that  these  square  tubes  with 
the  rounded  angles  only,  are  with  equal  weight  and  diameter  much 
stiffer  than  the  columns  of  1851,  and  more  capable  of  resisting  a  lateral 
pressure,  though  relatively  more  easily  broken  by  impact  laterally, 
because  they  are  so  much  stiffer ;  but  whereas  we,  in  common  we 
believe  with  almost  every  one,  thought  the  form  of  the  1851  column 
very  beautiful,  we  must  say  we  think  that  of  these  square  columus 


very  ugly ;  and  the  form  has  this  practical  disadvantage,  that  the 
broad,  flat  surface  “delivers”  very  badly  from  the  sand  in  moulding, 
and  the  castings  are  thus  rendered  less  fair  and  smooth.  This 
defect  is  very  obvious  on  many  of  the  castings  in  the  building. 

The  galleries  at 

either  side  of  the  nave  Fig- 66, 

of  50  feet  in  width,  and 
their  flat  roof  above, 
as  well  as  those  of  the 
transepts,  50  feet  wide 
at  one  side,  and  25  at 
the  other  (or  external 
one),  are  the  great 
supports  and  stiffeners 
of  those  lofty  parts  of 
the  structure.  The 
tranverse  girders  which 
run  beneath  the  gal¬ 
lery  floor,  are  all  War¬ 
ren-formed  trellis  gir¬ 
der  castings;  part  of 
one  of  these  is  seen  in 
Fig.  68,  and  the  mode 
of  support  from  the 
square  column  shown. 

The  girder  is  2  feet  8 
inches  deep,  and  rests 
at  the  end  upon  a 
bracket  lug,  cast  on  to 
the  back  side  of  the 
square  column,  where 
it  is  also  adjusted  by  a 
hard  wood  key  driven 
in  between  the  jaws, 
prepared  upon  girder 
and  bracket.  Close 
to  the  upper  web  and 
end-corner  of  the  gir¬ 
der,  a  lug  in  a  vertical 
plane  is  cast  upon  the 
column  to  fit  the  girder, 
and  through  a  square 
hole  in  both  another 
hard  wood  pin  is  dri¬ 
ven.  Detailed  view’s  of 
one  half  of  this  girder 
are  shown  at  Fig.  69,  in 
vertical  elevation  and 
in  transverse  and  hori¬ 
zontal  sections.  This 
serves  also  to  connect 
with  the  system  of 
horizontal  diagonal 
bracing  in  the  gallery 
roof  girders  to  be  here¬ 
after  referred  to,  as 
shown  in  Fig.  70. 

Along  the  front  the 
lengthway  of  the  nave, 
the  gallery  is  sustained, 
not  by  a  trellis,  but  by 
a  solid  cast-iron  girder, 
having  the  entablature  form  and  section  as  seen  in  Figs.  68  and  71. 
The  depth  of  this  is  14  inches  ;  its  length  of  course  25  feet ;  it  is  flanged 
to  the  rere  side,  at  top  and  bottom,  and  its  mouldings  coincide  with 


Scale — l-14th  inch  =  1  foot. 
Exhibition,  1862 — Elevation  of  one  bay  of  nave. 
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Fig.  67. 


those  of  the  square  columns  at  the  junction,  and  break  round  them. 
The  abutting  ends  of  these  front  or  entablature  girders  are  bolted 
through  the  square  columns,  and  rest  also  upon  a  square  fillet  cast 
on  to  the  column  to  receive  each,  as  may  be  seen  in  the  front 
elevation  of  the  column  and  entablature  of  the  same  figure.  The 

curved  bracket  below 
the  ends  of  these  front 
girders  at  the  columns 
is  a  hollow  thin  cast¬ 
ing,  which  rests  at 
bottom  upon  a  wood 
key  driven  in  between 
it  and  a  lug  directly 
below  on  the  side  of 
the  column,  and  is 
secured  in  place  by 
a  single  small  bolt 
and  nut  to  the  under 
flange  of  the  girder. 
It  is  a  mere  matter  of 
appearance,  and  of  no 
structural  value  what¬ 
ever. 

In  the  French 
building  of  1855,  the 
corresponding  angle 
brackets  were  strongly 
secured  to  the  columns 
and  girders,  and  were 
of  great  size,  and 
became  powerful  means  of  structural  support,  and  of  lateral 
stability.  This  has  been  abandoned,  and  here,  on  the  whole, 
we  think  advisedly.  In  the  great  French  building,  as  far  as  lateral 


Scale — 5  inch  =  1  foot. 

Exhibition,  1862 — Bases  of  pilasters 
and  columns  of  naves. 


the  trellis  pattern  rendered  bracket  stiffening  less  needful,  and 
racking  was  ultimately  well  provided  for  by  the  diagonal  stay-bars. 
In  this  present  building  the  diagonal  stay-bar  method  has  been  at 


Fig.  69. 


Exhibition,  1862 — Detail  of  girders  at  gallery  floor. 


Fig.  70. 


length  pretty  fully  carried  out;  but,  above  all  as  respects  any  end  on 
movement  at  the  gallery  levels  of  either  nave  or  transepts,  they  are 
so  hemmed  in  by  heavy  masses  of  brick¬ 
work,  that  much  additional  precaution  is 
unnecessary  in  this  respect.  The  building 
of  1862  is  exactly  the  converse  of  that 
of  1855  ;  in  the  former  the  heavy  endente 
of  brick  buildings  at  all  sides,  secure  the 


Fig.  71. 


Exhibition,  1862  —  Horizontal 
bracing  at  “  flat-level.” 


Scale — 7-16ths  inch  =  1  foot. 

Exhibition,  1862 — Back  of  entablature  in  front 
of  gallery. 


Fig.  68. 


Exhibition,  1862 — Details  of  columns  and  pilasters  at  gallery,  floor,  and  girders. 

stability  was  concerned,  the  iron-work  in  reality  sustained  and 
stiffened  the  masonry  shell,  the  mass  of  which  was  very  small  as 
compared  with  that,  of  the  ironwork  within  it.  In  the  London 
building  of  1851,  the  depth  of  the  girders  and  the  universal  use  of 


structure  as  a  whole  abundant  lateral  stabilitj7.  The  back  eleva¬ 
tion  of  one  half  of  one  of  these  entablature  girders  is  seen  in  Fig.  71, 
and  shows  the  sockets  for  the  joist  end  which  support  the  boarding 
of  the  gallery  floors. 

We  may  as  well  at  once  now  complete  the  description  of  the 
gallery  floors.  Each  50  feet  gallery,  it  will  be  recollected,  is  sup¬ 
ported  by  a  range  of  single  columns  at  25  feet  apart  at  the  side 
furthest  from  the  nave  by  a  like  range  of  coupled  columns,  at  the 
same  distance,  at  the  side  next  the  nave,  and  by  a  middle  range  of 
columns,  rising  through  the  floor  at  the  mid  width,  at  25  feet  apart 
also,  thus  dividing  the  whole  space  into  squares  of  25  feet  each ; 
the  sides  of  all  the  squares  being  made  up  of  deep  trellis  girders  of 
cast-iron,  except  those  along  the  line  of  coupled  columns,  which  are 
of  the  entablature  pattern  ;  the  top  webs  of  all  the  trellis  girders 
being  at  the  same  level,  and  nearly  at  that  of  the  bottom  web  of 
the  entablature.  The  transverse  trellis  girders  are  crossed  above 
by  four  suspension  trussed  wood  girders  in  the  50  feet,  not  equally 
spaced,  however — 12  feet  6  inches  being  the  widest.  The  trussing 
of  these  is  almost  identical  with  that  adopted  for  the  like  purpose  in 
1851  ;  above  these  joists  9  X  8  at  2^  feet  apart  run,  being  socketed 
into  the  entablature  girders  at  the  back,  as  in  Fig.  70,  and  upon 
these  the  flooring  is  laid  of  1^-  inch  fir  close-jointed.  A  facia  board 
stands  up  a  few  inches  at  the  outside  edges  of  the  gallery,  covering 
the  ends  of  the  board,  showing  a  sort  of  frieze  above  the  entablature 
girders,  and  forming  a  base  for  the  cast-iron  perforated  guard  or 
balustrade  that  protects  the  fronts  or  edges.  This  is  a  scroll  work 
pattern,  with  rose,  thistle,  and  shamrock,  &c.,  and  does  not  strike  us 
as  either  new  or  beautiful,  nor  as  at  all  as  effective  as  the  simple 
design  adopted  in  1851 ,  in  which  there  was  at  least  genuine  construc¬ 
tive  merit.  As  regards  the  strength  of  these  gallery-floors,  it  is  stated 
by  Captain  Philpotts  that  at  a  unit  of  load  of  140  lbs.  to  the  square 
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foot,  the  greatest  possible  load  that  can  be  brought  upon  any  one 
girder  is  34  tons.  Each  girder  is  proved  by  hydraulic  press  to  38 
tons  (uniformly  diffused,  we  of  course  presume),  and  the  actual 
breaking  weight  of  the  girder  is  stated  to  be  88  tons.  The  factor 
of  safety,  therefore,  for  the  greatest  possible  passive  load,  is  nearly 
2'60  ;  but  we  imagine  the  actual  factor  might  be  much  less  :  for  sup¬ 
posing  a  dead  weight  of  only  25  tons  equally  diffused  (and  we  might 
take  even  the  still  more  unfavourable  supposition  of  a  smaller  load 
concentrated  near  the  middle)  to  bo  put  into  sudden  motion  as  by 
the  rush  of  a  crowd — then  we  have  the  equivalent  dynamic  effect 
equal  double  the  static  load,  or  50  tons  upon  the  girder,  and  in  that 
case  the  factor  of  safety  is  reduced  to  D76.  The  factor  of  safety 
required  by  the  engineer  officers  of  the  Board  of  Trade  for  railway 
structures,  which  are  also  simply  platforms  exposed  to  dynamic 
strains,  is,  as  is  well  known,  =  C.  The  timber  roof  flat  platforms 
above  the  gallery,  and  of  the  same  width,  are  carried  quite  in  the  same 
way;  but,  upon  trellis  Warren  form  gilders  of  a  much  smaller  depth, 
they  are  planked  over  and  covered  with  tarred  felt.  Provision  is. 
here  made  for  a  complete  system  of  diagonal  tie-bars  in  one  horizon¬ 
tal  plane,  which  cross  every  square  on  the  flat,  and  no  doubt  reduce 
the  plane  of  50  feet  wide  at  the  roof  level  to  a  sort  of  horizontal 
girder  of  great  stiffness — see  Fig.  69.  We  cannot  but  think,  how¬ 
ever,  that  a  great  opportunity  of  uniting  ornament  and  construction 
was  here  lost,  and  that  it  would  have  been  easy  to  have  so  arranged 
that  the  wood  joists  under  the  platform  should  have  run  diagonally  in 
one  direction,  intersecting  the  cast-iron  girders  at  the  level  of  their  top 
webs  ;  and  that  the  planking  should  have  run  diagonally  upon  these  in 
the  opposite  sense  ;  thus  securing  all  the  lateral  rigidity  that  is  here 
obtained  by  the  diagonal  stay-bars,  but  without  them.  Then  by 
introducing  between  the  diagonal  joists,  diagonal  projecting  moulded 
or  square  pieces  in  the  line  of  the  joints  of  the  planking,  t.  e.,  at 
right  angles  to  the  joists,  the  whole  under  surface  of  this  flat  ceiling 
would,  without  any  loss  of  material,  or  any  uselessly  applied,  have 
become  divided  into  square  coffres,  diamond- wise  to  the  square  of 
the  building,  and  into  large  right-angled  triangles  along  the  verges 
or  sides,  and  with  very  fine  effect. 

Provision  has  also  been  made 
for  a  complete  system  of  vertical 
diagonal  stay-bars  in  planes  trans¬ 
verse  to  the  nave.  The  mode  of 
attaching  the  upper  eyes  of  these 
bars  to  the  columns  by  lugs  cast 
on  the  latter,  is  seen  in  Figs.  72 
and  73,  the  latter  of  which  is  an 
elevation  of  both  the  round  and 
square  columns.  The  general 
arrangement  and  adjustment  of 
these  bars  are  shown,  and  the  lugs  by  which  they  are  attached  to  the 
lower  parts  of  the  columns. 

These  details  present  much  similarity  to  the  like  parts  of  1851 ; 
but  the  lugs  on  the  columns  are  badly  proportioned,  and  much  too 
weak  in  proportion  to  the  sectional  area  of  the  diagonal  bars. 
Plowever,  these  vertical  stay-bars,  as  originally  arranged,  have 
become  of  minor  importance,  a  larger  and  greatly  more  powerful 
system  of  diagonal  bracing  having  been  at  a  subsequent  period  of 
the  erection  devised  by  Mr.  Ordish,  and  applied.  We  shall  return 
to  it  hereafter. 

Returning  now  to  the  coupled  columns,  and  ascending  to  their 
capitals  at  50  feet  above  the  floor,  and  referring  now  to  Figs.  68,  73, 
and  74,  which  shows  the  whole  height  of  the  coupled  nave  columns, 
and  in  Fig.  75  —  the  capital  of  the  cylindrical  columns  is  seen 
finished  at  top  by  a  rectangular  cast-iron  socket,  and  upon  this  the 
curved  ribs  of  timber  forming  the  nave  principals  are  supported. 

Each  of  these  consists  of  three  thicknesses  of  plank,  from  18 
inches  to  30  inches  in  breadth,  abutting  end  to  end  in  short  lengths 


Fig.  72. 


Exhibition,  18G2 — Vertical  bracing. 


and  breaking  joint.  The  centre  ply  is  4  inches  thick,  and  the  two 
outside  ones  are  3  inches  each  ;  and  they  are  all  bolted  and  spiked 
firmly  together,  bolts  predominating.  The  intrados  edges  are  all 
tangents  to  one  common  semicircle  of  about  80  feet  diameter;  and 
the  general  effect  is  (or  rather  would  have  been,  had  they  not  been 
coloured  in  alternate  patches  as  they  have  been),  that  of  a  curved 
rib,  and  not  a  polygonal  one.  These  nave  principals  were  framed 
together  on  the  flat  in  the  contractor’s  yard,  and  thence  brought 
in  four  pieces  to  the  building.  These  were  united  then,  so  as  to 


Fig.  73. 


Scale — 3-Stlis  inch  =  1  loot. 

Exhibition,  1862 — Columns  of  ground  floor  round  nave  and  transept. 


leave  but  one  junction  to  be  made  good  at  the  apex  ;  and  the  halves 
were  twisted  to  their  places,  and  fixed  by  the  aid  of  a  well-contrived 
travelling  scaffold,  which  rolled  on  four  lines  of  way  the  whole 
length  of  the  nave. 

This  scaffold  is  stated  by  Captain  Philpotts  to  have  weighed  87 
tons,  and  to  have  been  readily  pinched  on  by  four  men  using  bars 
upon  the  rails.  Each  nave  rib  weighs  6|  tons. 

The  transept  ribs  were  erected  from  fixed  scaffolding,  extending  the 
entire  length  of  each  transept. 

From  above  the  columns  and  inner  edge  of  the  gallery  platform 
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roof,  along  both  sides  between  every  pair  of  roof  principals,  the  exter¬ 
nal  side  wall  of  the  nave  rises  about  25  feet  vertically,  and  consists 
— see  Fig.  G6 — in  what  has  been  called  a  clerestory  light,  with  inter¬ 
mediate  mullions.  These  are  shown  in  interior  elevation  in  the 
above  referred-to  figure.  The  triple  sash  frame  is  carried  beneath, 
over  the  25  feet  space  below,  by  a  wooden 
box-girder  ;  and  in  part  held  up  above,  as  well 
as  stiffened  laterally,  by  the  cast-iron  eave 
gutter  of  the  roof. 

The  principal  rafters  of  the  roof  rise  sloping 
upwards  from  the  top  of  the  mullions  above 
these  clerestory  windows,  to  a  height  vertically  at 
the  ridge  of  25  feet  above  the  eaves,  and  at  a  tan- 

Fig.  75. 


Scale — l-16th  inch  =  1  foot. 


Scale— 1  inch  =  1  foot. 


Exhibition,  1862— Elevation  of  Exhibition,  1862— Capital  of  nave  column, 

columns  of  gallery. 

gent  to  the  extrados  of  the  arched  ribs.  The  angular  spaces  left 
outside  the  latter  are  filled  in  by  diagonal  timber  struts  and  ties,  as 
shown  in  Fig.  65,  bolted  and  spiked  together,  and  also  stirruped  to 
the  curved  rib  timbers.  Crossing  all  these  at  both  sides  of  the  roof 
are  the  purlins  of  plain  timbers,  12  X  3,  placed  with  their  broad 
planes  vertical,  and  notched  in  upon  the  principal  rafters.  In  passing, 
we  would  remark  that  we  are  not  at  all  convinced  that  this  is  the 
proper  shape  for  such  purlins,  instead  of  being  more  nearly  square 
in  section ;  nor  that  this  vertical  position  is  mechanically  the  cor¬ 
rect  one,  though  quite  aware  that  it  has  been  so  set  down  in  certain 
text-books — to  our  views,  upon  mistaken  principles.  To  return, 
however : — The  surfaces  of  the  roofing  are  covered  with  1^-inch 
planking  laid  diagonally,  and  at  opposite  angles  at  opposite  sides, 
so  as  to  give  lateral  rigidity,  which  no  doubt  it  most  effectually  does. 
If  the  principle  was  good  here,  we  cannot  see  why  it  was  not  equally 
so  for  the  flat  platform  roofs  of  the  galleries,  and  equally  easily  there 
carried  out. 

Over  this  planking  tarred  and  sanded  felt  is  laid  and  nailed  down; 
and  to  complete  the  roof,  a  light  wooden  cornice — framed,  hollow, 
and  bracketed  out  from  the  inside — is  carried  along  outside  and 
above  the  cast-iron  eave  gutters.  The  water  from  the  roof  is  trans¬ 
mitted  down  through  the  columns  ;  and  in  Fig.  67  the  base  of 
one  of  these  is  shown  in  section,  with  the  faucet  cast  upon  it,  by 
which  the  trunk  is  put  in  connection  by  earthen  pipes  with  the 
sewers.  Let  us,  before  leaving  the  nave,  return  inside  for  a  few 
general  remarks.  The  adoption  of  the  unperforated  entablature 
girders  is  a  decided  improvement,  in  character  of  effect,  over  the 
trellis  girder  of  1851 — along  the  fronts  of  the  galleries.  It  gives  a 


clearly  defined  line  of  horizontal  bearing,  and  combines  the  convic¬ 
tion  of  solidity  with  sufficient  lightness.  On  the  other  hand,  the 
Warren  form  of  trellis  girder  adopted  for  the  other  supports  of  the 
galleries,  in  place  of  the  intersecting  trellis  form  of  those  of  1851,  is, 
so  far  as  appearance  is  concerned,  “  an  advance  backwards.”  Nor 
are  we  at  all  able  to  see,  so  far,  that  any  advantage  either  in  economy 
of  material,  or  in  safer  disposition  of  the  parts  as  regards  the  making 
or  the  cooling  of  the  castings,  has  been  attained  by  the  change. 

Let  us  now  look  up  and  around  at  the  painting  and  decoration. 
The  main  surface  of  the  roof  is  a  light  grey — all  the  timbers  are 
marked  out  upon  it  in  colours  more  or  less  decided.  The  grey 
surface  is  varied  near  the  eaves  by  a  light  scroll  sort  of  stencilled 
pattern.  The  sashes  and  much  of  the  lighter  wood  work  below 
are  of  a  light  sort  of  cream  or  “  vellum  colour,”  and  the  pervading 
tone  of  the  cast-iron  work  of  the  columns  and  girders  is  a  rather 
light  bronze  green.  The  mouldings  and  other  parts  are  picked  out 
or  relieved  with  a  sort  of  greenish  yellow,  not  inharmonious  with 
the  bronze  green.  The  capitals  of  the  columns  are  picked  out  in 
rich  full  colours,  blue  and  red,  and  gilded,  and  gold  is  applied  here 
and  there  over  many  other  parts.  The  ribs  of  the  nave,  &c.,  are 
painted  alternately  in  patches  or  panels,  red  and  blue,  the  lengths 
coinciding  with  those  of  the  pieces  of  timber  of  which  the  polygons 
are  made  up,  and  so  arranged  that  each  principal  breaks  colour, 
so  to  say,  with  that  before  and  that  behind  it,  so  that  red  shows' 
against  blue,  and  vice  versa.  At  the  junction  of  these  patches  of 
colour,  are  black  and  gold  stars.  To  us  it  seems  that  this  breaking 
up  of  the  length  of  these  curved  ribs  into  transverse  blotches  of  colour 
has  been  an  error  of  judgment.  No  matter  what  may  be  the  struc¬ 
tural  detail  or  putting  together  of  these  ribs  in  parts,  they  are  designed 
and  desired  to  look  as  great  semicircles  from  the  ground.  They  are 
also  pieces  of  framing ,  not  arches  made  up  of  disproportioned  vous- 
soirs.  The  decoration,  therefore,  even  on  the  principles  enunciated  by 
the  decorator  himself,  should  have  coincided  with  and  enforced  the 
structural  arrangement,  and  not  marred  it,  as  this  alternate  chequer 
work  has  done.  No  matter  what  colouring  or  mode  of  decoration  had 
been  decided  on,  that  of  each  rib  should  have  presented,  from  side  to 
side  of  the  sweep,  an  unbroken  curved  band,  and  there  surely  could 
have  been  no  difficulty  in  preserving  this,  and  yet  having  quite  as 
changeful  and  lively  a  play  of  colour,  looking  along  the  nave,  as  we 
have  now.  F  or  the  same  reason  we  object  to  the  cross  barring  of  black 
and  vellum  colour  upon  the  lower  edges  or  intrados  of  the  ribs.  There 
should  have  been  here  one  or  more  bands  of  colour  also,  however  varied 
and  enlivened  by  surface  pattern.  This  part  of  the  colouring,  we 
confess,  is  to  our  eyes  both  unpleasant  and  ugly.  As  to  all  the  other 
parts  of  the  decoration  of  the  naves  and  courts,  &c.,  the)7  seem  to  us 
perhaps  quite  as  good  as  could  have  been  done  with  the  objects  to 
be  coloured,  and  under  the  circumstances  as  to  time  and  the  great 
difficulties  with  which  Mr.  Crace  has  had  to  contend. 

As  we  have  ventured  perhaps  a  little  beyond  our  proper  domain 
in  thus  criticising  a  part  of  his  work,  which,  taken  as  a  whole,  is  so 
creditable,  we  had  better  allow  him  to  speak  for  himself  in 
describing  the  remainder  of  the  decorations  of  the  building,  and  we 
may  as  well  do  so  at  once.  Quoting  from  the  account  of  his  work 
read  by  himself  last  month  (April  1862)  before  the  Society  of  Arts, 
he  informs  us  that  it  was  the  23rd  January  last  when  he  received 
his  authority  to  proceed  with  the  decoration,  and  it  was  to  be  all 
completed  by  March ;  that  is  to  say — some  20  acres  decoratively 
painted  in  about  eight  weeks.  He  proceeds: — 

“  After  careful  consideration  I  decided  that  the  general  tone  of 
the  roof  must  be  light,  and  that  the  best  colour  would  be  a  warm 
pale  grey ;  that  the  arched  principals  must  be  made  to  stand  out 
clear  from  the  roof ;  that  they  must  look  well  in  a  perspective  of  800 
feet ;  and  that  they  must  not  look  heavy  or  confused  as  they 
approached  each  other  in  the  distance.  No  single  colour  would  do, 
and  after  a  pretty  stiff  bit  of  reflection  of  twenty-four  hours,  I  con- 
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firmed  myself  in  my  opinion  of  what  would  be  the  most  likely  way 
of  treating  the  principals. 

“  I  have  remarked  that  the  form  of  these  is  polygonal,  and  in 
three  thicknesses,  the  centres  of  the  outer  planks  covering  the  joints 
of  the  inner  ones. 

“  The  form  precluded  the  use  of  a  continuous  repeat  ornament.  I 
therefore  decided  on  following  the  form  of  the  construction,  and 
adopted  panellings  of  blue  and  red  alternately,  relieved  by  coloured 
lines,  intersected  at  the  joints  by  circles  of  black  on  which  are  gold 
stars,  and  from  these  spring  ornaments  in  vellum  colour  with  green 
in  the  filling,  as  shown  in  the  coloured  drawing. 

“  Following  out  this  arrangement  I  had  a  pattern  painted  on 
paper  of  the  full  size  of  one  of  the  principals,  and  it  was  fixed  in  its 
place  within  a  week  from  the  time  of  my  appointment ;  part  of  that 
identical  pattern  is  now  in  this  room ;  it  has  never  been  altered, 
and  thus  exactly  it  has  been  carried  out  throughout  the  roofs  of  the 
nave  and  transepts. 

“  Until  the  principals  were  coloured,  it  seemed  to  me  that  the 
thicknesses  were  lost ;  I  wished  to  make  the  construction  evident, 
and  I  therefore  coloured  the  two  outer  edges  in  chequers  of  black 
and  vellum  colour,  and  the  centre  edge  full  red.  As  to  the  bracings 
above  the  polygonal  arches  I  coloured  them  the  warm-wood  colour, 
with  red  or  blue  coloured  lines  on  the  face,  and  the  under  thick¬ 
nesses  red. 

“  I  have  said  that  I  decided  on  warm  grey  for  the  roof  of  nave. 
I  did  so  because  it  gave  space  and  lightness ;  and  on  its  surface  I 
introduced  an  upright  scroll  ornament  in  red,  with  gold,  star-like 
rosettes,  sparingly  introduced.  My  object  in  this  ornament  was  to 
raise  the  apparent  pitch  of  the  roof,  and  to  relieve  and  warm  the 
effect  of  the  grey.  The  horizontal  purlins,  on  the  contrary,  I  kept 
purposely  light,  so  as  not  to  depress  the  rise  of  the  roof,  or  interfere 
with  or  confuse  the  effect  of  the  principals.  The  ridge  piece  of  the 
roof,  in  itself  comparatively  small,  I  marked  as  strongly  as  possible, 
as  the  apex,  in  black  and  vellum  white,  en  chevronne ;  on  each  side 
I  coloured  a  margin  of  maroon  red,  and  a  little  below  that  a  border¬ 
ing  of  very  warm  green,  shaped  to  accord  with  the  top  scrolls  of  the 
red  vertical  ornament,  the  green  being  relieved  with  rosettes  of  gold 
colour.  At  the  base  of  the  slope  of  roof  this  green  is  again  intro¬ 
duced  in  much  the  same  way,  and  the  band  of  maroon  also.  Below 
this  are  the  clerestory  windows. 

“  The  next  important  features  in  the  nave  are  the  iron  columns, 
supporting  the  principals  as  well  as  the  galleries.  These  I  have 
painted  pale  bronze  colour,  relieved  with  gold  colour  vertical  lines. 
The  capitals  are  gilt ;  the  grounds  of  the  ornaments  being  picked  in 
rich  red  or  blue  alternately  ;  the  centre  blocks  of  the  columns  are 
also  coloured  red,  with  bands  of  blue,  or,  vice  versa,  the  mouldings 
being  guilt,  and  the  same  style  of  colour  is  continued  to  the  bases. 
The  top  plate  above  the  columns  is  painted  bronze  colour,  relieved 
with  light  gold  colour  ornament  on  the  upper  part,  and  a  vitruvian 
scroll  in  gold  colour,  with  a  maroon  red  base  on  the  lower  part. 

“  The  gallery  railings  are  light  bronze  colour,  the  rose,  shamrock, 
and  thistle  ornaments  being  partly  gilt,  and  the  whole  backed  with 
deep  red  cloth.  The  plate  under  the  gallery  is  painted  oak  colour, 
relieved  with  deep  brown  interlaced  ornaments. 

“  I  have  kept  the  part  below  the  line  of  arches  purposely  quiet  in 
colour,  in  order  that  the  brilliancy  and  richness  of  the  various  articles 
exhibited  may  not  be  interfered  with.  The  roof,  on  the  contrary, 
is  rather  vivid  in  colour,  to  carry  up,  as  it  were,  in  some  degree,  the 
gaiety  of  the  scene  below ;  and  this  will  be  still  further  sustained  by 
a  series  of  banners  of  the  various  countries  whose  products  are 
assembled  in  this  International  Exhibition. 

“  Much  variety  of  opinion  has  been  expresed  at  my  introduction 
of  the  vivid  colours  in  the  arched  principals  of  the  nave  ;  but  I  think 
that  many  who  fancied  it  would  look  too  powerful,  will  confess  their 
surprise  at  its  comparatively  quiet  effect  now  that  it  is  completed. 


The  colours  being  properly  balanced  have  neutralized  each  other. 
Most  of  you  probably  know  that  blue,  red,  and  yellow,  in  the  pro¬ 
portion  of  three,  twTo,  and  one,  when  mixed  with  white,  produce  a 
grey,  exactly  the  same  as  the  grey  produced  by  mixing  black  and 
white.  I  will  show  you.  I  take  ultramarine  blue  three  parts,  Ver¬ 
million  two  parts,  and  chrome  yellow  one  part.  I  mix  them  together, 
add  some  white — you  observe  it  is  grey.  I  take  some  black  and 
white,  mix  them,  and  identically  the  same  grey  is  produced.  If  you 
paint  on  a  disc  radiated  stripes  of  blue,  red,  and  yellow,  in  proper 
proportions,  and, make  the  disc  revolve  rapidly,  you  find  grey  pro¬ 
duced,  the  same  as  if  they  were  stripes  of  black  and  white.  The 
effect  of  the  roof  of  the  nave  exemplifies  this  theory. 

“  I  have  heard  it  said  by  some  that  it  would  have  been  better  to 
have  employed  panellings  of  one  colour  instead  of  two  to  each  prin¬ 
cipal,  and  made  the  principals  alternately  blue  and  red ;  in  my 
opinion  they  would  have  been  utterly  disappointed  ;  the  striped  con¬ 
trasts  would  have  by  no  means  given  the  softness,  richness,  and 
glow  of  the  present  colouring.  To  convince  myself  I,  at  one  stage 
of  the  colouring,  tried,  by  fixing  blue  paper  over  the  red  panellings 
in  one  principal,  and  red  paper  over  the  blue  panellings  of  another, 
but  the  effect  was  not  nearly  as  good,  and  I  was  confirmed  that  the 
principle  I  had  adopted  was  the  right  one. 

“  This  principle  of  counterchanging  colours  is  adopted  in  most  of 
the  decorations  of  the  early  masters,  which  abound  in  Italy.  Those 
decorations,  so  beautiful,  so  interesting,  rich,  glowing  in  colour,  full 
of  fancy  and  taste  in  the  ornament,  the  masses  well  arranged,  show 
the  most  perfect  harmony  everywhere,  and  are  dignified  by  often 
acting  as  the  framework  of  the  highest  gems  of  art. 

“  In  the  roof  of  the  Upper  Church  of  Assisi,  in  the  Chapel  of  St. 
Corporate,  of  Orvieto,  in  the  choir  of  Santa  Croce  at  Florence,  and 
in  the  Palazzo  Spinola,  examples  are  to  be  found  of  counterchanging 
of  colouring,  and  in  the  roof  of  the  Cathedral  of  Lucca  of  the  chev- 
roneze  of  black  and  gold.”  No  doubt  but  these  are  stone  made  up 
of  short  blocks  and  not  long  pieces  of  timber,  whose  functions  depend 
on  their  not  being  cross  cut,  or  seeming  to  be  so. 

We  shall  reserve  any  description  of  the  decoration  of  the  domes 
until  we  have  described  their  structure.  While  we  are  still  within 
the  nave  let  us  consider  the  light,  which  is  let  in  by  the  clerestory 
windows,  and  some  diffused  from  the  galleries  at  both  sides.  It  does 
not  look  very  bright ;  but  this  in  part  arises  from  the  flood  of  light 
poured  in  upon  the  floor  at  both  ends  under  the  domes.  For  the 
summer  time  at  least  it  probably  will  be  found  quite  sufficient.  To 
us  the  effect  of  those  high  side  lights  is  not  pleasant,  however ;  and  a 
sort  of  instinctive  desire  to  peer  up  into  the  comparative  gloom  of 
the  upper  region  of  the  roof  above  them,  seems  as  distressing  to  the 
eye  as  was  the  glare  of  light  sometimes  in  the  wholly  transparent 
nave  of  1851.  There  can  be  no  question,  however,  as  to  the  truth 
and  force  of  the  reasons  given  by  the  architect  for  adopting  a  roof 
not  wholly  of  glass  ;  staunchness  and  medium  temperature  are  pri¬ 
mary  points.  That  the  latter  will  be  better  attained  than  in  1851, 
or  at  Paris  in  1855,  there  can  be  no  doubt;  and  that  ventilation  will 
be  effectual,  and  indeed  can  be  carried  to  any  extent  in  this  building, 
is  equally  so.  The  staunchness  we  are  not  quite  so  certain  of, 
with  a  felt  covering.  The  boarding  with  planks  of  1^  inch  thick 
shows  that  it  is  meant  to  make  (if  possible)  the  nave  and  transepts, 
and  of  course  the  domes  too,  permanent;  and  with  this  view 
ultimately  to  cover  the  boarding  with  sheet  zinc,  lead,  or  copper. 
No  doubt  these  roofs  may  thus  be  made  permanently  water-tight,  as 
long  as  they  stand  ;  but  how  much  more  will  be  required  by  these 
quasi-permanent  structures  before  they  can  become  really  so. 

It  has  been  suggested  to  fill  in  with  stained  glass,  with  or  without 
design,  these  clerestory  windows.  No  doubt  their  effect,  so  filled, 
would  be  very  fine,  but  we  doubt  much  that  then,  there  would  be 
sufficient  light  for  any  exhibition  purpose  within. 

While  we  are  here  let  us  cast  our  eyes  down  to  the  floor.  It  is 
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fir-boarded  in  narrow  breadths,  with  open-spaced  joints  all  through 
the  building  on  the  ground  floor  the  same  as  in  that  of  1851,  but 
immeasurably  worse  executed.  The  flooring  boards  are  thinner, 
apparently  under  an  inch  in  thickness ;  they  have  east  and  cambered 
on  edge,  and  warped  in  various  ways  for  want  of  time  to  season ;  and 
are  laid  in  a  most  irregular  manner,  with  no  regular  lines  of  end 
abutting  joists,  and  with  all  sorts  of  spaces  between,  and  sometimes 
almost  no  spaces  at  all.  Perhaps  this  is  not  much  matter,  except  in  the 
naves  and  transepts— so  much  of  the  surface  is  cut  up  and  hidden  by 
cases  and  fixtures — nor  possibly  of  great  importance  even  here.  The 
beautiful  regularity  of  the  floor  of  the  nave  and  transepts  in  1851, 
and  of  those  of  the  Palace  at  Sydenham  even  yet,  will  be  remem¬ 
bered,  however,  as  a  source  of  pleasure  to  every  eye  educated  to 
regularity  and  perfection  of  line  and  form.  The  floor  is  throughout 
carried  upon  common  joists,  cross  beams  and  sleepers,  and  dwarf 
walls  or  piers,  to  suit  the  surface  of  the  ground  below.  In  the  space 
beneath,  the  system  of  drains  communicating  with  those  under  the 
adjoining  roads  has  been  traced  out  and  formed,  and  that  of  the 
water  supply.  The  latter  is  derived  from  the  mains  of  the  West 
Middlesex  Water  Company.  A  great  main  of  9  inches  diameter 
runs  right  through  the  building  from  east  to  west,  not  far  from  the 
north  side,  connected  with  the  road  mains  at  both  ends.  From  this 
at  right  angles,  a  large  main  runs  straight  up  to  the  top  of  each 
(the  east  and  the  west  annexes),  and  at  their  north  end  are  also  con¬ 
nected  with  the  streets.  Cross  branch  mains  traverse  the  annexes 
at  six  equidistant  points,  and  from  the  great  east  and  west  main,  at 
five  nearly  equidistant  points,  large  branch  mains  traverse  the  whole 
length  of  the  transepts,  and  cross  the  nave  and  the  courts  and  gal¬ 
leries  beyond,  coming  close  over  to  the  front  picture  gallery  buildings. 
Upon  these  there  are  hydrants  or  fire-plugs  at  about  every  50  or  65 
feet — eighty  of  them  in  all ;  besides  numerous  service  pipes  and  so 
forth,  for  engine  boilers,  hydraulic  apparatus,  kitchens,  refreshment 
rooms,  urinals,  closets,  &c. 

The  West  Middlesex  Railway  Company  supply  the  water  at  a 
pressure  from  a  minimum  of  100  feet  to  their  high  pressure  of  about 
200  feet  of  head,  and  of  course  at  constant  service.  Captain  Phil- 
potts  stated  at  the  Society  of  Arts  that  portable  fire-engines  were, 
besides  all  the  foregoing,  to  be  placed  upon  the  flats  of  the  galleries’ 
roofs  (covered  with  tarred  felt  on  boarding),  so  as  to  command  the 
tarred  and  felted  wood  roof  of  the  nave  and  transepts.  Of  the  value 
of  these  or  of  any  water  supply,  in  case  of  fire,  if  got  at  and  applied 
early  enough,  of  course  there  is  no  doubt.  We  should  hope  and 
believe  that  the  chance  of  accidental  fire  occurring  at  all  in  this 
building  is  very  slight ;  but  should  such  an  event  unfortunately  occur, 
and  fire  get  but  a  tolerable  hold  upon  any  of  its  elevated  portions, 
we  deem  the  chances  of  saving  the  whole  very  small  indeed.  The 
limit  of  directive  power  ot  any  jet  of  water  from  a  fire-engine  does 
not  really  exceed  about  75  feet.  With  a  little  wind  opposed,  this  is 
reduced  to  50  or  even  40  feet.  Tbe  fire-engines  on  their  combus¬ 
tible  platforms,  and  close  in  under  the  walls,  are  therefore  not  of 
very  much  reliance  ;  and  it  appears  to  be  tacitly  admitted  that  the 
West  Middlesex  Company’s  pressure  may  only  be  able  to  raise  the 
supply  of  water  up  to  those  platforms,  at  50  feet  above  the  ground. 
If  so,  we  greatly  doubt  that  any  certainly  effective  means  have  yet 
been  provided  for  delivering  without  failure  a  copious  torrent  of 
water  on  to  the  highest  combustible  parts  of  these  buildings. 

We  believe  their  safety,  and  that  of  their  priceless  contents  (the 
loss  of  which  by  fire,  in  the  Fine  Art  department  alone,  would  remain 
a  standing  national  reproach  to  us  for  all  time  to  come  and  from 
the  whole  civilized  world),  would  be  best  secured  by  establishing  at 
the  most  suitable  point,  or  perhaps  at  two  points,  a  very  powerful 
steam  pumping  engine,  actuated  possibly  by  the  steam  for  the  engines 
proper  to  the  annexe,  or  if  not,  constructed  with  tubular  boilers  and 
pitch  pine-wood  fires  ready  laid,  to  get  up  steam  in  ten  minutes. 
These  should  be  put  into  constant  communication  with  a  special  fire 


main  of  wrought  iron  welded  and  rolled  piping  screwed  together 
at  the  joints,  and  provided  with  hose,  caps,  and  screws  at  every  100 
feet  or  so,  and  carried  all  along  the  parapets  of  the  picture  galleries, 
and  over  the  whole  length  of  the  roofs  of  the  naves  and  transepts, 
and  fed  with  water  from  both  ends,  and  with  stop  valves  here  and 
there,  so  that  the  breaking  through  of  a  part  of  the  line  anywhere 
would  not  interfere  with  the  efficiency  of  the  remainder. 

But  to  return  from  this,  which  is  rather  digression,  we  have 
described  in  the  preceding  pages  the  arrangement  of  diagonal  stay¬ 
ing  adopted  in  the  design,  and  in  Figs.  69  and  7 1  have  shown  the 
provision  made  for  securing  these  in  both  the  horizontal  and  vertical 
planes  to  the  girders  and  columns. 

These  diagonals,  chiefly  intersected  squares  of  columns  and  girders 
(in  the  vertical  direction)  of  25  feet ;  we  have  reason  to  believe  that, 
as  the  erection  of  the  naves  and  transepts  progressed,  this  system  of 
diagonals  was  found  insufficient,  and  that  the  tall  columus  yielded 
more  or  less  under  the  powerful  thrust  of  the  curved  ribs  of  the 
roofing,  and  showed  decided  symptoms  of  going  out  of  plumb.  The 
precaution  taken  by  M.  Barrault  at  Paris,  with  his  iron-curved  ribs, 
of  framing  them  short  of  the  ultimate  span  on  the  cord  line,  and 
springing  them  open  into  their  places,  so  as  by  this-  initial  tension  to 
equilibrate  some  of  the  thrust  due  to  change  of  form  by  the  load 
imposed,  as  already  described  when  treating  of  the  building  of  1855, 
could  not  so  readily  have  been  applied  to  those  ponderons  ribs  of 
timber,  which  were  erected  piecemeal ;  in  fact  it  is  precisely  one  of 
the  disadvantages  of  this  construction  in  plies,  that  the  least  bad 
workmanship — the  least  misfitting  or  ill  fitting  of  bolts  through 
the  ponderous  slabs  of  soft  wood — produces  large  and  very  unequal 
spread  in  different  otherwise  similar  ribs.  The  writer  may  be 
quite  wrong,  because  he  had  only  his  eye  to  judge  by,  amidst  the 
distracting  lines  of  a  wood  of  scaffolding ;  but  it  appeared  to  him 
some  months  ago  that  some  of  the  coupled  columns  of  the  eastern 
transept  at  both  sides  of  the  building,  had  gone  outwards  at  the 
top,  and  out  of  plumb  to  the  extent  of  several  inches.  If  he  be 
in  error  in  this,  he  by  anticipation  apologizes  to  Captain  Fowke 
and  to  all  others  concerned.  However,  at  about  this  period  a  new 
system  of  diagonals  was  designed  and  applied,  and  they  have  been 
completely  successful  in  preventing  spread,  and  we  imagine  that 
by  their  means,  even  any  columns  that  may  have  been  disturbed, 
have  beeu  brought  back  plumb.  These  large  diagonals  are  applied 
in  couples,  and  each  pair  reaches  from  a  junction  of  a  column  and 
girder  at  50  feet  above  the  floor  (thus  intersecting  squares  of  50  feet 
in  place  of  25  as  before),  down  to  the  footing  of  a  column,  or  pair 
of  columns,  below  the  latter,  and  are  spaced  at  about  100  feet  apart 
along  the  naves  and  transepts,  as  well  as  others  carried  east  and 
west  and  north  and  south  along  the  fronts  of  the  galleries,  where 
the  nave  and  transepts  join  in  under  the  dome. 

Captain  Fowke  informed  us  that  the  detail  of  arrangement  of 
these  diagonals  was  due  to  Mr.  Ordish,  C.E.  They  are  very  effec¬ 
tive  and  workmanlike  in  arrangement. 

At  the  foot  of  each  column  or  pair  of  columns,  from  the  base  of 
which  a  pair  of  those  long  diagonals  was  to  spring,  a  rectangular 
jacket,  formed  of  cast-iron  ribbed  plates,  was  placed  round  the  brick 
base,  and  made  thoroughly  good  to  it  with  cement.  The  two  diagonal 
bars  passed  through  certain  sockets  formed  in  the  side  plates  of  the 
jacket,  and  were  cottered  beneath,  (we  believe  at  any  rate,  either 
by  cotters,  T-heads,  or  nuts,  they  are  fast  to  the  jacket,  but  we  could 
not  see  which  after  they  had  got  buried  up) ;  hence  they  go  up  at 
angles  of  45°  with  the  horizon,  or  nearly  so,  until  they  pass  the  firs! 
intersection  of  columns  and  girder.  Here  eye-heads  upon  the  bars 
are  united  by  transverse  bolts  and  nuts  (shackle  pins),  with  a  four¬ 
eyed  flat  plate  of  wrought  iron ;  and  these  plates,  parallel  to  each 
other,  are  at  opposite  sides  of  the  column  and  girders  springing 
from  it.  Through  the  centre  of  these  plates  a  single  cross  bolt 
passes,  which  also  passes  through  the  bolt  hole  prepared  at  the  upper 
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corner  above  the  bearing  of  each  trellis  girder,  Fig.  68,  where  it  is 
applied  to  the  lug  on  the  column,  as  already  described.  The  diagonal 
bars,  secured  by  like  eyes  and  cross  bolts  to  the  upper  holes  in 
these  flat  centre  plates,  proceed  upwards  in  the  same  line  as  before, 
and  at  last  reach  the  level  of  the  girders  at  50  feet  above  the  floor, 
and  let  us  suppose  at  the  point  most  distant  from  the  centre  of  the 
nave  horizontally ;  i.e.,  we  will  suppose  the  pair  of  bars  we  have 
been  describing  to  have  started  at  bottom  from  the  base  of  a  pair 
of  coupled-nave  columns,  and  passed  outwards  and  upwards  to  the 
level  of  the  girders  below  the  gallery  roof  plate,  and  at  the  end 
furthest  from  the  nave.  Each  of  these  two  diagonals  was  in  two 
equal  lengths,  united  at  the  centre  by  the  plates  and  bolts  spoken 
of,  and  by  them  also  put  into  connection  with  the  girders  at  the 
level  of  the  gallery  floor.  At  the  extreme  upper  end  a  wrought  iron 
bridle  passes  round  the  upper  part  of  the  square  column  at  back 
of  gallery,  and  by  a  cross  bolt  connected  with  the  topmost  eyes 
of  both  diagonal  bars.  Now,  between  every  pair  of  eyes  of  each 
bar,  a  long,  solid  forged  hollow  or  tubular  and  externally  hexagonal 
right  and  left  handed  nut  is  arranged,  the  length  of  bar  between 
eye  and  eye  being  thus  divided  into  two  equal  half  lengths,  one 
with  a  right  and  the  other  with  a  left  hand  male  thread  to  take  the 
nut  at  the  junction. 

It  is  now  obvious  that,  when  these  bars  are  got  into  place  and 
these  nuts  into  hold,  we  may  by  tightening  them  produce  any 
amount  of  diagonal  strain  in  the  line  of  the  bars  up  to  their  breaking 
strain  ;  and  that  as  respects  the  position  of  the  example  pair  of  bars 
we  have  chosen,  the  diagonal  strain  becomes  resolved  into  a  hori¬ 
zontal  one  at  the  level  of  each  range  of  gallery  girders,  and  tends  to 
force  these  inwards  towards  the  centre  of  the  nave  or  transept,  and 
so  to  counteract  the  thrust  of  the  curved  roof  ribs,  &c.  The  same 
of  course  applies,  mulatis  mutandis,  to  the  diagonals  in  the  reverse 
direction  transverse  to  the  lines  of  the  naves  and  transepts,  as  well 
as  to  those  parallel  to  those  lines,  and  which  were  mainly  intended 
to  resist  any  tendency  to  spread  that  might  be  pro¬ 
duced  by  the  domes. 

We  now  proceed  to  describe  the  roofing  over  the 
glass  courts,  or  those  great  open  single  story  spaces 
included  within  the  cincture  of  the  galleries  round 
the  naves  and  transepts.  We  have  stated  that  their 
roofs  are  chiefly  of  50-feet  span,  and  are  carried  by 
lines  of  columns  along  the  valleys  between  the  spans, 
placed  at  50  feet  apart,  and  rising  50  feet  insulated 
in  height.  Wrought-iron  trellis  girders  are  carried 
on  the  tops  of  these  columns  in  lines  running  east 
and  west,  abutting  at  each  extreme  end  against  the 
front  columns  of  the  galleries ;  and  upon  these  the 
roofs  are  supported  at  the  lines  of  valley  gutters. 

Figs.  74  and  76  show  in  side  elevation  one  of 
these  square  columns  and  one  of  the  girders.  The 
water  from  the  valley  gutters  is  discharged  down 
through  each  column,  and  transmitted  thence  in  the 
usual  way  by  earthen  pipes  to  the  drains. 

Each  column  is  cast  in  two  lengths  and  bolted 
together  with  external  flanges  at  about  mid  height, 
the  joints  being  covered  by  the  same  sort  of  hollow 
cap  fillet  as  on  the  nave  columns,  but  with  a  different 
style  of  moulding.  At  4  feet  down  from  the  top, 
equal  to  the  depth  of  the  50  feet  girders,  a  square 
Exhibition  of  projecting  capital  is  formed  by  a  loose  capping  con- 
tfo6n  of  gaUery  s'st‘nS  °f  two  square  fillets  and  a  cavetto  beneath  ; 
column.  and  upon  the  flat  shelf  of  these  the  girders  rest,  or 

rather  appear  to  rest.  In  reality,  they  are  carried 
by  solid  bracket-lugs  cast  on  to  the  two  opposite  sides  of  the  column, 
and  having  hooked  outside  ends,  as  shown  ;  so  that  the  bearing  end 
of  the  girder,  when  in  place,  is  secured  by  a  dovetail  key  driven  in 


Fig.  76. 


between  this  hook  of  the  lug  and  the  corresponding  projecting  piece 
prepared  below  the  bottom  of  the  girder  at  this  place.  Each  girder 
consists  of  six  bays  of  trellis  work.  The  bottom  web  consists  of  two 
parallel  flat  bars,  6  X  f  inches  of  wrought-iron,  and  of  the  same 
scantling  the  whole  of  the  length.  The  top  web  consists  of  two  angle 
irons,  back  to  back,  with  a  space  between,  each  4  X  3  X  i,  and  a  top 
plate  of  10^  X  |,  rivetted  together.  The  two-end  uprights  and  all  the 

Fig.  77. 


Scale— 3-8ths  inch  =  1  foot. 

Exhibition,  1862 — Details  of  50-feet  wrought-iron  trellis  girders  at  roof  of  gallery. 


intermediate  uprights  are  of  cast-iron,  cruciform  in  section,  and  with 
jaws  top  and  bottom  to  admit  the  horizontal  webs  between.  The 
diagonals,  both  struts  and  ties,  are  all  of  flat  bar-iron,  all  inches 
wide,  but  varying  in  thickness  from  lj  inch  downwards.  The 
whole  are  connected  at  the  intersections  by  a  single  bolt,  of  which 
the  largest  at  the  ends  are  1J  inch  diameter  and  the  smallest  f  inch 
diameter.  The  construction  of  these  parts  is  clearly  shown  in  the 
detailed  view  of  the  girder  in  Fig.  77. 

Above  the  top  web  the  valley  gutters  of  cast-iron  are  placed, 
These  are  cast  in  lengths  equal  to  the  length  of  a  bay  of  trellis  work. 
They  are  in  section  a  rectangular  trough  of  12  inches  wide  by  6 
inches  deep,  with  two  angle  chamfers  taken  off'  the  lower  corners. 
The  bottom  of  this  trough  stands  10  inches  above  the  upper  sur¬ 
face  of  the  top  web  of  the  girder.  A  vertical  rib  the  whole  length 
is  cast  as  part  of  the  gutter,  with  a  horizontal  continuous  flange  a 
foot  below,  by  which  the  gutter  stands  upon  top  of  the  girder,  and 
by  which  it  is  bolted  to  the  top  web  plate. 

The  lengths  of  gutters  have  butt  flanges  at  each  end,  which  do 
not  come  quite  into  contact ;  and  the  joint  between  is  made  good 
with  red  lead  putty.  The  joints  are  placed  over  the  mid  length  of 
each  bay  of  trellis  work  beneath.  The  ceutre  of  a  length  of  gutter, 
therefore,  comes  over  each  column  ;  and  at  this  point,  in  the  bottom 
of  each  such  length,  a  discharging  nozzle  is  cast,  so  as  to  drop  into 
the  open  top  of  the  square  column  between  two  girder  ends,  and 
so  discharge  the  water  from  one  50-feet  bay  of  roof.  This  nozzle 
is  rectangular  in  section,  and  does  not  exceed  in  clear  aperture  more 
than  3X5  inches,  if  so  much.  The  gutters  are  cross-ribbed  or 
bridged  across  at  intervals  (to  stiffen,  we  suppose,  the  opposite  sides 
of  the  trough  against  lateral  thrust  from  the  roofing,  although  we 
do  not  see  how  they  can  be  exposed  to  any  such),  leaving  an  arched 
aperture  for  water-way  beneath.  The  transverse  section  of  the 
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trough  to  the  brim  level  is  70  square  inches.  The  clear  water-way 
beneath  these  cross  bridges,  however,  certainly  does  not  exceed  35 
square  inches,  or  one  half  the  general  section  of  the  gutter ;  and 
each  discharging  nozzle  at  right  angles  to  the  bottom  of  the  gutter, 
and  connected  with  it  by  sharp  right  angles,  without  any  rounding 
off,  is  but  half  of  this  again,  or  15  square  inches.  Each  girder  has 
got  a  camber  of  perhaps  4  inches,  and  the  gutters  have  a  corre¬ 
sponding  fall  in  the  half-length  of  girder,  i.  e.,  in  25  feet.  Now,  each 
of  these  nozzles  has  to  take  off  the  water  that  may  fall  upon  a  square 
of  roofing  of  50  X  50  feet ;  and  as  in  a  thunder  storm — without 
taking  any  account  of  eddies  that  may  concentrate  rain-fall  about 
these  lofty  buildings — there  may  be  a  fall  of  2  inches  within  an  hour, 
nearly  7  cubic  feet  of  water  per  minute  must  find  its  way  to,  and  be 
discharged  by  each  of  these  nozzles,  at  right  angles  to  its  current. 
From  the  sharp  fall  of  the  bottom  of  the  gutters,  and  this  propor¬ 
tion  as  to  capacity,  &c.,  we  shall  not  be  surprised  to  find  that  these 
gutters  have  overflowed  before  the  summer  be  over.  We  do  not 
see,  either,  how  it  is  possible  for  them  to  remain  tight  at  the  joints. 
It  would  appear  as  if  the  intention  in  butt-jointing  them,  and  in 
placing  the  joints  where  they  are,  mid-way  over  the  trellis  bay,  was 
to  view  the  gutter  as  forming  part  of  the  top  webs  of  the  girders, 
and  derive  some  aid  by  them  as  compressed  members  of  it ;  and 
also,  by  the  help  of  the  nozzle  lengths  over  the  columns,  to  unite 
at  the  top  one  girder  with  another,  and  so  make  an  approach  to 

a  continuous 
girder  along 
the  whole  line. 
The  first  ob¬ 
ject,  however, 
is  incompatible 
with  the  putty 
joints ;  and  if 
the  butt  joints 
were  to  meet 
fully  and  truly, 
the  gutters 
would  then 
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compression  off 


Fig.  78. 


the  top  web  of  wrought-iron  below  them;  and  continuity  is  ill 
provided  for  by  the  tension  of  a  length  of  thin  cast-iron  gutter.  How 
these  butt  joints  are  to  remain  water-tight — exposed  as  they  will 
be  to  disturbance  from  every  small  change  of  flexure,  by  wind,  &c., 
on  the  girders,  and  to  the  effects  of  expansion  and  contraction  by 
change  of  temperature  upon  both  girders  and  gutters,  and  conse¬ 
quently  to  the  partial  detachment  of  continuity  between  the  putty 
and  the  adjacent  iron  butt  flanges — we  cannot  imagine.  The  trans¬ 
verse  section  of  these  gutters,  and  their  connection  with  the  top 
web  of  the  girder,  as  also  the  way  in  which  the  heels  of  the  roof 
principals  are  fixed,  are  shown  in  Fig.  78. 

We  now  proceed  to  describe 
the  50-feet  roofs.  These  are 
covered  almost  wholly  with  glass 
secured  upon  framing  of  iron 
and  wood.  The  roofs  run  con¬ 
tinuous  from  gallery  to  gallery, 
east  and  west,  and  their  abutting 
gables  are  prepared  with  louvre 
ports  for  ventilation.  The  prin¬ 
cipals,  of  which  we  have  given 
an  elevation  in  sufficient  detail, 
Figs.  78  and  79,  are  in  general 
arrangement  upon  a  now  far  from  novel  plan,  in  which  the  whole  of  the 
system  of  one  principal,  except  the  rafters  and  four  struts,  is  in  tension. 
Though  not  novel,  it  is  very  good,  and  may  be  very  cheaply  con- 


Fig.  79. 


Details  of  roof  and  ventilator. 


structed  with  a  just  proportionment  of  scantlings.  The  form  of  roof 
was,  so  far  as  our  knowledge  extends,  first  adopted  on  the  continent 
about  twenty  years  ago,  and  was  introduced  into  use  in  England 
not  long  after  simultaneously  by  Mr.  Bridges  Adams,  and  by  several 
others — amongst  the  rest  by  Mr.  R.  Mallet,  who  designed  and  con¬ 
structed  the  large  terminus  roof  of  the  Great  Southern  and  Western 
Railway  at  Dublin  on  this  plan,  and  afterwards  extended  it  at  the 
Wakefield  joint  station  on  the  Lancashire  and  Yorkshire  line  to  a 
roof  of  nearly  90  feet  span,  and  constructed  one  of  the  best  existing 
examples  of  it  in  that  of  the  Kingstown  Terminus  roof  of  the  Dublin 
and  Wicklow  railway  of  about  80  feet  span.  Mr.  Bow,  C.E.,  of 
Edinburgh,  has  within  a  few  years  given  a  good  deal  of  attention  to 
this  particular  form  of  roofing,  and  investigated  with  great  care  its 
mechanics,  and  shown  that  as  respects  weight  of  material  for  a  given 
load,  it  is  cheaper  than  any  other  yet  known  form  of  iron-framed  roof¬ 
ing,  if  the  sections  be  proportioned  to  the  strains.  They  are  very  far 
from  having  been  so  proportioned  in  the  present  instance ;  and 
neither  the  arrangement  of  scantlings  nor  the  precise  forms  of  the 
junctions,  or  other  part  of  the  ironwork,  nor  the  style  of  workman¬ 
ship  of  the  forge  work  can  be  viewed  favourably. 

Each  principal  consists  of  two  T -iron  rafters,  in  which  there  is 
quite  one-fourth  or  more  of  unnecessary  section  of  iron ;  upon  the  back 
or  top  web  of  these,  a  piece  of  wood,  4  X  4,  is  bolted.  The  frame 
of  each  rafter,  producing  with  it  a  truss,  consists  of  two  suspension 
bars  beneath  meeting  at  an  angle,  with  two  inclined  struts  keeping 
them  off  from  the  rafter,  and  all  united  by  a  pair  of  triangular 
coupling  plates,  with  bolt  holes  and  transverse  bolts  and  nuts. 
There  are  cast-iron  heel  chairs,  and  a  pair  of  side  straps,  and  cotters 
to  provide  adjustment  as  to  length  for  one  of  the  two  suspension 
bars.  The  two  rafters  are  rivetted  together  by  pentagonal  coupling 
plates  at  the  ridge,  which  plates  also  receive  the  ends  of  the  suspen¬ 
sion  bars  here.  One  transverse  tension  rod  unites  both  systems  of 
trussing  across  the  roof,  and  completes  the  principal. 

The  principals  are  at  10  feet  apart,  and  are  crossed  by  purlins 
of  timber  at  four  points,  viz.,  at  the  gutters  close  to  their  vertical 
sides,  at  18  inches  from  the  ridge  at  each  side,  and  at  two  inter¬ 
mediate  points,  dividing  the  length  of  the  rafter  into  nearly  three 
equal  parts.  On  the  chief  part  of  these  roofs  there  is  a  continuous 
wood  ventilator  at  the  ridge  This  consists  of  a  small  boarded  roof 
of  about  5  feet  wide  from  eave  to  eave,  thrown  up  to  such  a  height 
above  the  general  roof  surface  as  to  admit  of  hinged  wooden  flap 
ventilating  doors  along  the  vertical  sides,  having  a  clear  vertical 
opening  of  1  foot  9  inches  in  height,  with  an  internal  width  between 
those  at  the  two  opposite  sides  of  the  louvre  of  3  feet.  The  flaps 
of  these  open  outward,  and  perhaps  the  whole  arrangement  may 
be  found  to  remain  water-tight,  though  we  much  doubt  it.  A  wood 
slip  cut  to  a  suitable  section  is  nailed  along  the  vertical  sides  of 
these  louvres  just  below  the  side  flaps;  the  top  surfaces  being  in  the 
same  plane  with  those  of  the  purlins.  Over  all  these,  the  sash  bars 
of  wood  are  nailed  down  to  secure  the  glass.  These  bars  are  nearly 
square  in  section,  and  judiciously  kept  as  slender  as  possible.  They 
are  single  rabbeted  only,  and  the  glass  panes  in  moderate  breadths 
are  puttied  in  the  usual  way.  The  lower  eave  of  the  glass  oversails 
the  gutters  a  little,  so  as  to  throw  the  water  in  clear  of  tlie  edge. 
In  some  parts  of  the  building,  roofing  of  this  sort  is  supported  at 
one  side  upon  a  brick  wall ;  here  the  heel  chairs  rest  in  recesses 
left  in  the  brickwork,  and  the  side  gutter  is  only  a  trough  of  wood, 
resting  upon  the  top  of  the  rafter  heels.  In  a  few  other  places  the 
roofing  neither  abuts  against  other  roofing,  nor  against  a  wall  rising 
above  it ;  and  in  such  cases  the  water  is  discharged  into  semi- 
cylindrical  eave  gutters  of  cast-iron,  bracketted  off  from  a  facia  board 
that  covers  the  heels  of  the  rafters.  Where  the  top  ventilators  are 
omitted,  the  ridge  consists  simply  of  a  rabbeted  piece  of  scantling 
equal  in  height  to  the  purlins,  with  two  triangular  side  slips  to  nail 
the  sash  bars  to,  and  with  a  wood  capping  nailed  on  above.  It 
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will  be  observed  that  the  lateral  stability  of  each  range  of  the  50- 
feet  columns,  and  girders  upon  them,  sustaining  these  roofs,  depends 
merely  upon  the  side  strutting  afforded  to  them  by  the  roof  framing, 
which  is  thus  carried  laterally  through  from  the  front  of  the  gallery 
flat  roofs  nest  the  nave,  and  south  of  it,  over  to  the  northern  wall 
of  the  picture-gallery  building.  This  gives  ample  stability,  and  in 
four  spans  of  roofing  cannot  involve  any  serious  strains  by  expan¬ 
sion,  &c.,  propagated  from  side  to  side. 

These  roofs  look,  now  that  they  are  up,  lightsome  and  well,  and 
would  have  looked  a  great  deal  better,  had  any  care  whatever  been 
taken  to  proportion  more  exactly  the  scantlings  of  their  parts  in  iron, 
and  had  better  and  neater  methods  of  forming  the  connecting  links 
of  the  principals’  framing  been  adopted. 

We  entirely  coincide  in  the  opinion  expressed  by  Captain  Pliil- 
potts,  and  no  doubt  entertained  by  Captain  Fowke,  that  where 
uninterrupted  glass  roofing  is  required,  iron  framed  roofing  of  mode¬ 
rate  span,  30  to  60  feet,  with  iron  gutters,  is  greatly  to  be  preferred 
to  the  Paxton  roofing,  and  as  we  have  seen,  this  opinion  is  entertained 
by  M.  Barrault.  Cheapness,  solidity,  staunchness,  permanence, 
freedom  from  stoppage  of  gutters  and  trunks,  are  all  better  thus 
secured.  For  permanent  work,  however,  the  sash  bars  should  be  of 
rolled  iron  ;  the  gutters  should  have  been  all  lap-jointed,  with  due 
provision  for  keeping  staunch  under  expansion  and  contraction ; 
and  lap  joints  alone,  we  have  found,  after  a  good  deal  of  experience 
in  roof  construction  on  all  scales,  insure  this ;  and  the  edges  of  the 
glass  at  the  lowest  panes  next  the  gutters  should  not  project  in  over 
them,  as  certain  to  be  broken,  by  walking  in  and  cleaning  out  the 
gutters  themselves.  Light  cast-iron  perforated  narrow  gangways 
also,  secured  independently  to  the  frame  of  the  roof  (such  as  have 
been  employed  in  double  ranges  along  the  great  skylights  over  the 
departure  platforms  of  the  roofing  of  the  Dublin  terminus  before 
alluded  to)  should  have  been,  we  think,  provided  here,  to  enable  the 
glass,  as  well  as  the  ventilators,  to  be  readily  and  without  danger  got 
at,  and  repairs  executed  or  leakages  stopped.  In  the  absence  of 
all  these,  and  with  so  much  of  the  exposed  part  of  these  roofs  con¬ 
structed  merely  of  wood  and  put  together  in  the  simplest  (we  might 
use  a  stronger  word)  manner,  we  think  our  calling  this  part  of  the 
structure  flimsi-permanent  is  borne  out. 

The  ventilation  beneath  those  roofs  will  no  doubt  be  excellent, 
and  the  light  the  best  and  pleasantest  in  any  part  of  the  whole  edifice, 
we  anticipate.  Probably  the  sun  heat,  or  rather  the  distressing 
effect  of  its  untempered  rays  upon  the  nervous  system  (which  seems 
not  to  consist  wholly  in  heat  or  with  light  combined,  but  in  both, 
along  with  some  subtler  actinism,  producing  as  its  final  and  extreme 
effect  coup  cle  soldi),  may  require  a  portion  of  the  transparent  sur¬ 
face  above  the  courts  to  be  veiled  during  the  summer.  If  so,  we 
trust  it  will  not  be  done  with  calico.  We  imagine  it  would  not  be 
difficult  to  produce  some  slightly  translucent  or  opaline  material  in 
gum  or  size  colour,  that  would  spread  evenly  and  thinly,  and  dry 
hard — of  an  agreeable  tint,  and  of  such  a  mixture  of  green,  grey, 
and  blue,  that  when  applied  upon  the  inner  surface  of  the  glass  it 
would  produce  much  the  same  effect  in  “  killing  down”  the  power 
of  the  sun,  as  that  of  the  green  grey  glass  applied  to  the  great  Palm 
Houses  at  Kew,  the  result  of  Mr.  R.  Hunt’s  experimental  investiga¬ 
tions  of  what  coloured  glass  best  effected  this  end. 

We  now  come  to  the  description  of  the  great  domes,  which  have 
been  pronounced,  from  their  stupendous  size,  to  form  one  of  the 
most  prominent  (of  this  there  is  no  doubt)  and  interesting  features 
of  the  building. 

In  Plate  No.  4,  and  in  Fig.  8,  we  give  a  complete  vertical  section 
from  top  to  bottom  of  one  of  these  domes,  and  an  elevation  of  that 
which  constitutes  their  best  claim  to  beauty,  the  upper  portion  or 
finial.  This  should  be  l'eferred  to  in  connection  with  the  following 
description  of  the  constructive  details,  some  of  which,  as  to  dimen¬ 
sions,  &c.,  we  take  from  the  description  of  Captain  Philpotts. 


The  domes,  it  will  be  recollected,  are  situated  so  that  a  plumb  line 
dropped  from  the  central  point  in  the  concave  above,  will  intersect 
the  crossing  of  the  centre  lines  of  the  great  nave  with 
the  transepts  respectively.  In  our  general  description 
of  the  collocation  of  the  building  we  stated  that  the 
spaces  of  the  floor  beneath  the  domes  are  octagons.  The 
domes,  however,  are  duodecagons.  Let  us  see  how  it  is 
managed  to  cover  the  eight-sided  surface  with  a  twelve- 


Fig.  80. 

™n 


sided  figure: — “The 
intersections  of  the 
lines  of  columns  in 
the  nave  and  tran¬ 
sept  aisles  form  two 
octagons,  which, 
though  not  regular, 
have  their  opposite 
sides  parallel  and 
equal,  the  length  of 
the  sides  being  al¬ 
ternately  85  feet 
and  35'  5".  The 
points  at  the  angles 
of  these  octagons 


Fig.  81. 


Fig.  82. 


Scale — 3-8ths  inch  =  1  foot. 

are  the  chief  sup-  Exhibition,  1862 — Horizontal  section  at  base 
ports  of  the  domes.  °*  one  SrouP  Of  columns  supporting  dome. 

For  this  purpose  there  is  a  column  at  each  angle,  2  feet 
in  diameter,  and  for  architectural  effect,  as  well  as  for 
carrying  the  groined  ribs,  the  object  of  which  is  to  be 
explained,  the  lower  portion  of  these  2-feet  columns  is 
clustered  with  two  round  and  one 
square  column  of  small  dimen¬ 
sions.”  If  the  Block  Plan,  Plate 
5,  be  referred  to,  it  will  be  seen 
that  directly  from  the  ground 
these  domes  are  in  part  only  sup¬ 
ported  by  columns  at  eight  points ; 
and  if  the  general  section,  Plate 
4,  be  examined  it  will  be  observed 
that  above  the  tops  of  these  col¬ 
umns,  and  below  the  base  of  the 
dome,  and  constituting  in  fact  its 
drum ,  are  certain  vertical  castings, 
over  the  heads  of  which  are  hori¬ 
zontal  castings  and  wrought-iron 
work,  forming  the  footings  of  the 
curved  ribs  of  the  dome  itself,  and 
integral  parts  of  the  interior  and 
exterior  galleries  around  its  base. 

Fig.  80,  A,  shows  a  vertical 
section  from  bottom  to  summit  of 
two  of  the  supporting  columns 
in  a  plane  radial  to  the  centre  of 
the  dome,  showing  their  flanged 
bases  (which  rest  upon  heavy 
York  landings),  the  internal  flan¬ 
ges  by  which  the  separate  seg¬ 
ments  are  bolted  together  into  one 
shaft,  and  the  flanged  intermedi¬ 
ate  pieces  by  which  the  large 
round  column  is  united  at  inter¬ 
vals  with  the  square  one.  Fig.  Exhibition, 1862— Details  of 
.  i  ,  large  column  of  dome. 

i-i2thin.=i  ft.  81,  shows  in  detail  the  common 

^supporHn^3’  ^ase  the  f°ur  columns  at  the  angle  of  the  octagon  ; 
angiesofdome.  and  Fig.  82  shows  the  elevation  of  base  and  sec¬ 
tion  of  shaft  at  bottom  of  the  large  cylindric  column;  the  sectional 
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plan  of  the  internal  uniting  flanges,  with  the  six  bolt  holes  for  1^-inch 
bolts  and  nuts ;  and  the  elevation  of  portion  of  the  side  of  the  same 
cylindric  column,  showing  the  jaws  into  which  the  flanged  connecting 


Fig.  83. 


Exhibition,  1862 — Detailed  section  of  stan¬ 
chion,  gallery,  and  other  part  of  dome  and 
ventilator. 


for  ventilation.  To  the  upper  sii 


pieces  are  slipped  and  secured 
by  dovetail  edges,  to  unite  the 
square  and  round  columns. 

The  large  columns  at  the 
angles  of  the  octagon  are  two 
feet  in  external  diameter  and 
seven-eighths  of  an  inch  in 
thickness,  and  in  three  lengths, 
to  a  height  of  95  feet,  their 
ends  being  joined  together  by 
flanges  and  screwed  nuts  on 
the  inside.  To  fasten  the 
bolts,  a  man  was  lowered  down 
inside  the  columns,  the  dia¬ 
meter  of  which  is  sufficient  to 
give  room  for  him  to  screw  up 
the  nuts.  The  columns  are 
thus  kept  perfectly  smooth  on 
the  outside,  and  appear  like 
one  casting  95  feet  long.  To 
the  top  of  each  two-feet  column 
is  bolted  a  cast-iron  stanchion 
12  feet  high,  whose  summit  is 
therefore  just  107  feet  above 
the  nave  floor.  On  the  tops 
of  these  stanchions,  as  seen  in 
Fig.  83,  and  resting  on  orna¬ 
mental  brackets,  a  gallery  three 
feet  wide  is  carried  round  the 
outside  and  inside  of  the  drum. 
It  will  not,  however,  be  accessi¬ 
ble  to  the  public,  and  will  only 
be  employed  in  opening  the 
louvres  which  are  here  placed 
;  of  the  gallery,  and  through 


it  to  the  stanchions,  the  double  wrought-iron  tie-plates  acting  as 


hoops  are  securely 
bolted.  They  con¬ 
sist  of  an  inner  plate 
of  iron  6"  X  §" 
6X|,  which  is  con¬ 
nected  with  an  outer 
plate  10"X  I"  10  X 
so  that  both  these 
plates  take  the  trust 
of  the  dome.  The 
dome  ribs  are  bedded 
on  the  top  of  them, 
with  their  feet  bolted 
Exhibition,  1862— Horizontal  section  of  rib  ot  dome  at  through  to  the  heads 
gallery,  showing  gutter  and  joint  with  square  columns.  ^  stanchions 

This  portion  of  the  structure  is  shown  in  horizontal  section  in 
Fig.  84,  A,  showing  a  horizontal  section  of  the  whole  rib  of  the 
dome,  the  gutter  outside  which  receives  the  water  falling  upon  the 
glass  surface  of  the  dome,  placed  at  the  level  of  the  floor  of  the 
external  gallery,  and  part  of  the  floors  of  both  galleries  inside  and 
outside;  and  n,  showing  the  jointing  of  the  gutter  at  the  angles  of 
the  dome  with  the  square  column  beneath. 

If. now  Fig.  85  be  referred  to,  one-fourth  of  the  dome  will  be  seen 
in  skeleton  plan,  and  a  clear  idea  got  through  it  and  the  block  plan, 
Plate  5,  of  the  relative  position  of  the  eight  columnar  points  of 
support,  and  of  thr  four  intermediate  ones. 


Fig.  si. 


Scale  of  Fig.  84,  a — l-8tli  inch  =  1  foot. 

D — 3-8ths  inch  =  1  foot. 
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Fig.  87. 


These  are  directly  above  the  centre  lines  of  the  nave  and  tran¬ 
septs,  and  we  proceed  to  describe  their  nature.  The  last  bay  of 

the  roofing  of  the  nave  and  tran¬ 
septs  also,  in  place  of  being  framed 
and  supported  by  two  parallel 
tranverse  wood  ribs  like  all  the 
rest,  is  carried,  and  that  side  of 
the  dome  with  it,  by  a  system  of 
crossed  diagonal  and  transverse  ribs  of  wrought-iron,  as  in  the 
accompanying  diagram  (Fig.  87). 

Let  A,  b,  c,  and  d  be  the  places  of  the  columns  of  the  last  bay  of 
either  nave  or  transept  next  the  dome,  A  and  B  being  those  quadruple 
groups  supporting  the  dome  of  which  we  have  been  writing,  and  C, 
the  next  ordinary  opposite  pair  of  columns  along  the  nave  or  transept. 
Then  a  pair  of  interlacing  plate  iron  curved  ribs  cross  from  A  to  D  and 
from  C  to  B,  and  intersect  each  other  at  O,  where  is  the  punctum  stems 
for  an  angle  of  the  dome  over  the  centre  line  of  nave  or  transept. 
From  C  to  D,  instead  of  the  ordinary  built  up  curved  timber  rib,  the 
roof  has  got  also  a  wrought-iron  curved  rib  passing  directly  across  the 
nave  or  transept  substituted  for  it.  The  construction  of  this  part  of 
the  nave  and  transept  roof  with  these  diagonal  ribs  crossing  it,  forms 
as  it  were  a  groin-arched  rib,  whose  apex  is  a  point  in  the  centre  of 
the  bay  and  in  a  line  with  the  roof  ridge.  By  joining  the  apices  of 
these  groins  and  the  points  in  the  octagon  already  determined,  we 
get  a  nearly  regular  duodecagon,  having  its  opposite  sides  parallel 
and  equal,  and  with  eight  sides  in  pairs  each  equal  to  43  feet  9 
inches,  and  the  four  remaining  sides  coming  between  these  pairs, 
each  equal  to  35  feet  5  inches.  This  duodecagon  forms  the  base- 
plan  of  the  dome,  which  has  thus  eight  sides  over  the  nave  and 
transepts,  and  four  sides  over  the  corners  of  the  aisles  or  galleries, 
equal  respectively  to  the  dimensions  given,  and  with  a  diameter  of 
160  feet. 

Each  groined  rib  transmits  the  weight  on  it  to  two  columns  out¬ 
side  the  octagon  (c  and  D  above),  so  that  the  dome  may  be  said  to 
rest  on  16  points,  its  pressure  on  the  angles  of  the  octagon  being 
nearly  five  times  (4,  9-25ths)  as  much  as  it  is  on  the  adjacent 
columns  of  the  nave  and  transepts. 

By  this  arrangement  for  support,  the  four  salient  angles  of  the 
duodecagon  over  the  nave  and  transepts  cut  in  upon  their  length 
beyond  the  transverse  line  of  the  octagonal  floor  beneath,  and  as  no 
additional  columns  of  support  but  those  actually  coming  in  the  sides 
of  the  nave  and  transepts  are  employed,  a  clear  open-arched  vista  is 
obtained  along  both,  as  in  the  groined  dome  of  a  cathedral.  The 
effect  to  the  eye,  however,  as  seen  from  within,  is  not  that  of  groined 
arching ;  and  besides,  that  a  certain  idea  of  distortion  and  weakness 
is  to  our  eye  conveyed  by  the  retreating  angle  of  the  curved  section 
of  the  dome  within,  with  the  semicircle  of  the  nave  and  transept 
roofs,  the  effect  of  perspective,  in  relation  to  the  diagonal  covering 
to  the  groined  ribs,  is  to  apparently  dip  or  throw  down  their  point 
of  intersection  below  a  semicircle  and  make  them  appear  as  if 
pressed  down  and  yielding  to  the  load  above. 

This  eyesore  might,  perhaps,  have  been  mitigated  by  making  the 
curve  of  the  groined  rib  an  ellipse,  with  its  major  axis  vertical,  in 
place  of  a  semicircle,  and  throwing  up  the  crown  of  the  groined  rib 
by  a  few  inches  above  the  other  ribs,  when  from  one  point  (but 
one  only)  of  the  interior  and  opposite  side,  it  would  have  looked  an 
exact  semicircle.  Although  the  form  could  have  only  appeared 
perfect  from  one  point,  it  would  from  all  points  of  sight  within 
have  approached  nearer  to  perfection  than  it  does  now.  The  actual 
curve  adopted  for  the  intrados  of  these  groined  ribs  is,  as  stated  by 
Captain  Philpotts,  an  ellipse,  i.e.,  the  diagonal  section  of  the  semi- 
cylindric  roof. 

Fig.  88  is  a  vertical  elevation  of  one-half  of  one  of  these  groined 
ribs,  as  projected  into  a  vertical  plane  transverse  to  the  centre  line 
of  nave  or  transept ;  Fig.  89,  a  transverse  section  in  the  line  of  the 


nave  or  transept  vertically  through  the  crown  of  the  ribs,  and  shows 
the  cast-iron  stanchion  framing  supported  by  them  at  this  point, 
upon  which  the  dome  rests  above.  It  also  shows  in  like  section 
the  transverse  iron-curved  roof  rib  (c  to  d  preced¬ 
ing),  and  the  cast-iron  struts  and  spur  by  which  ^ 

both  are  connected  above,  and 
which  steady  the  stanchions  up 
to  a  point  just  below  the  ridges 
where  these  abut  also  upon  the 
framing  of  the  nave  and  tran¬ 
spet  roof,  and  help  to  steady  it, 


Fig.  88. 


Exhibition,  1862 — Elevation  of  groined  rib. 


Each  groined  rib  is 
Fig.  89. 


two  feet  deep,  with  a  web  of  3-8ths  inch 
plate  iron,  to  the  edge  of  which  is 
rivetted  a  top  and  bottom  flange 
formed  of  angle-iron  in  such  a  way 
as  to  give  the  top  flange  an  area  of 
19,  ll-16ths  inches.  The  principal 
rafter  and  its  upright,  Fig.  88,  are 
also  made  of  wrought  iron,  having 
a  web  12  inches  deep,  with  an  equal 
top  and  bottom  flange  of  angle- 
iron  rivetted  to  it  so  as  to  give  it  a 
sectional  area  of  20,  5-16ths  inches. 
Radial  pieces  of  iron,  8  X  5-16ths 
inches,  connecting  the  upright  and 
principal  rafter  with  the  circular 


Scale — 3-16th  inch  =  1  foot. 

Exhibition,  1862 — Strut  support  of  rib  of  dome  over  the  centre  of  nave  and  transe 
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portion  of  the  rib,  are  introduced  every  5  feet.  At  the  intersec¬ 
tions,  the  ribs  are  strengthened  by  additional  plates  of  iron,  and 
here,  for  a  short  distance,  they  assume  the  form  of  a  box  girder, 
as  seen  in  the  section  b. 

Fig.  88  a,  is  a  transverse  section  of  the  ribs  and  part  of  the 
framing  above,  taken  near  the  crown ;  b  is  a  vertical  section  of  the 
box-girder  formed  by  the  meeting  of  the  principal  rafters  at  the  centre 
above  the  groined  rib  itself ;  and  c  is  a  horizontal  plan  of  the  junc¬ 
tion  of  the  principal  rafters  and  the  plating  that  unites  them  at  the 
same  point ;  while  d  is  a  section  transversely  through  the  groined 
ribs,  at  a  point  in  a  radial  line  passing  through  the  eaves  of  the 
nave  or  transept  roof.  The  footing  of  the  diagonal  ribs,  and  of  the 
transverse  one  upon  the  heads  of  the  same  nave  columns,  c  and  d 
(see  ante),  is  very  well  arranged,  as  is  indeed  every  part  of  the 
detail  of  this  iron  framing.  It  causes  one  strongly  to  wish  that  all 
the  curved  ribs  of  these  nave  and  transept  roofs  had  also  been  of 
plate  and  angle  iron,  as  was  the  case  with  the  smaller  roofs  of  the 
Manchester  Exhibition.  We,  with  all  humility,  venture  our  opinion 
that  they  would  have  looked  quite  as  well  as  those  great  timber- 
plied  built-up  ribs,  would  have  been  far  more  easily  erected,  would 
not  have  cost  more  we  imagine,  if  so  much,  all  expenses  included, 
arid  could  have  been  more  easily  and  far  more  beautifully  decorated. 

The  prismatic  surface,  forming  what  we  may  call  still,  the  drum 
of  the  dome,  is  constructed  of  heavy  timber-braced  framing,  per¬ 
forated  with  large  arched-headed  window  lights  on  four  sides  out 
of  the  twelve,  and,  for  the  rest,  closed  up  with  lath  and  plaster  and 
timber  boarding.  Ultimately,  if  those  domes  are  to  stand,  we 
believe  it  is  Captain  Fowke’s  intention  to  encrust  the  exterior  with 
iron  in  panelled  plates,  so  as  to  give  at  once  the  appearance  and 
reality  of  strength  and  durability. 

Ascending  with  the  structure  we  may  now  refer  to  the  dome 
scaffolds.  These  are  said  by  Captain  Philpotts  to  have  been  (for 
they  are  already  a  thing  of  the  past)  upon  a  greater  scale  than  any 
thing  of  the  kind  ever  executed.  To  this  we  must  express  our 
respectful  denial.  To  go  no  further,  we  imagine  that  the  centering 
with  which  the  tremendous  concave  of  the  central  brick  dome  of  the 
baths  of  Caracalla  at  Rome  must  have  been  turned,  probably  in¬ 
volved  more  timber  than  the  two  dome  scaffolds  made  into  one. 
However,  these  scaffolds  were  most  admirable  examples  of  skilful 
combination,  with  great  economy  as  to  the  injury  done  to  the 
timber,  nearly  all  of  which  was  in  whole  or  half  balk. 

In  Fig.  86  we  have  given  a  skeleton  elevation  in  a  vertical 
plane  passing  through  one  of  the  angles  of  the  dome,  and  in  Fig.  85 
a  plan  of  one-fourth  of  the  whole,  with  the  dome  lines  covering  it. 
Each  scaffold  consisted  of  twelve  precisely  similar  elements,  afford¬ 
ing  a  sort  of  hollow  cage  in  the  interior  of  which  the  awkward-shaped 
materials  of  the  dome  could  be  hoisted,  and  the  general  idea  of  the 
whole  being  a  set  of  twelve  narrow  rectangular  piles  of  successive 
stages,  abutting  radially  round  the  centre,  and  so  mutually  support¬ 
ing  and  propping  each  other.  There  were  numerous  diagonals  and 
temporary  horizontal  pieces  introduced  at  various  periods  as  the 
work  progressed,  not  shown  in  our  figures.  Captain  Philpotts  says  of 
these  scaffolds— they  were  literally  forests  of  timber,  occupying  nearly 
the  whole  interior  space  of  the  domes,  cross-braced  and  bolted  to¬ 
gether  in  every  possible  way,  so  as  to  give  them  sufficient  strength,  for 
they  had  to  bear  the  weight  of  the  whole  of  the  iron  in  the  domes, 
120  tons  in  each. 

The  scaffold  was  carried  up  in  eight  different  stages,  between 
which  were  horizontal  beams.  The  central  portion  was  a  square  of 
24  feet,  rising  to  a  height  of  200  feet.  As  it  ascended  each  stage 
was  cross-braced  diagonally.  From  the  centre  radiated  a  scaffold 
into  each  angle  of  the  dome,  to  which  it  was  in  shape  similar,  though 
not  quite  so  large.  These  radiating  scaffolds  had  independent  ver¬ 
tical  bracing,  while  at  each  stage  they  were  cross-braced  horizontally, 
and  connected  with  the  central  scaffold  as  well  as  with  each  other. 


The  main  timbers  in  the  scaffold  were  from  14"  to  12"  square,  while 
the  cross-bracing  was  on  an  average,  12"  X  6".  This  work  was  put 
up  by  Mr.  Clemence,  the  contractor’s  clerk  of  works,  and  must  be 
considered  a  chef-d'oeuvre  in  scaffolding ;  it  was  of  immense  strength, 
and  so  skilfully  constructed,  that  very  little  of  the  timber  in  it  has 
been  spoiled  by  cutting  (i.  e.,  bolting,  &c.),  so  that  when  taken  down, 
every  particle  of  wood  used,  amounting  to  40,672  cubic  feet  in  each 
scaffold,  is  as  available  for  any  other  work  as  if  it  had  just  come 
from  the  builder’s  yard.  We  now  come  to  the  domes  themselves. 

Each  dome  consists  generally  of  12  curved  double  webbed  ribs, 
united  at  top  to  a  central  tubular  casting,  and  also  united  by  plat¬ 
ing  and  rivetting  there.  These  at  intervals  are  cross-braced  by 
horizontal  straight  ribs  or  purlins,  and  over  these  are  laid  the  bars 
of  T -section  to  receive  the  glass.  Diagonal  stay-bars  with  screw  ad¬ 
justments  are  introduced  in  various  places  in  the  plane,  or  nearly  so, 
of  the  external  surface  to  prevent  torsion  or  wrenching  round,  and 
the  exterior  edges  of  the  ribs  are  covered  with  sheet  zinc  in  a  large 
half  round  roll  with  side  fillets  flat.  The  top  also  around  the 
finials  is  covered  with  sheet  zinc  cut  out  into  a  sort  of  gigantesque 
rosette,  but  which  Mr.  Crace,  in  his  account  of  the  decoration,  pro¬ 
fanely  terms  “  the  Umbrella.” 

Above  the  external  and  internal  cantilever  galleries,  which  are 
certainly  very  striking  and  well  designed  features  in  the  design, 
as  will  be  seen  in  our  Plate  4,  the  prismatic  drum  of  the  dome  is 
continued  up  for  some  feet  in  height  to  form  a  continuous  ring  of 
louvre  apertures  formed  in  wood,  and  capable  of  being  opened  and 
closed  for  the  purposes  of  ventilation;  immediately  above  these 
the  glass  dome  proper  commences.  Fig.  90  gives  a  side  eleva- 


Exhibition,  1862 — Rib  of  dome  and  enlarged  detail. 

for  appearance  sake),  and  all  rivetted  together.  The  top  and  bottom 
flanges  are  nearly  equal  in  section,  the  former  being  19g",  the  latter 
20J"  20|.  There  is  no  continuous  plate  between  the  two  webs, 
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but  they  are  joined  at  8  feet  intervals  by  two  pieces  of  boiler  plate, 
as  stated  above,  having  a  3"  wood  spacing  piece  between.  The  first 
seven  feet  of  each  rib  is  vertical,  and  it  is  here  3J  feet  deep.  At  the 
summit  of  the  vertical  portion,  which  is  114  feet  above  the  nave 
floor  level,  is  the  springing  line  of  the  curve.  The  top  flange  follows 
the  curve  traced  by  a  radius  of  9F  9&",  the  centre  being  a  point 
12'  3 1"  beyond  the  centre  of  the  dome;  the  bottom  flange  is  on 
a  curve  whose  radius  is  9(X  1J",  and  centre  14  flg-  ,  beyond  the 
dome’s  centre. 

The  two  flanges  thus  come  nearer  each  other  as  they  approach 
the  apex,  where  they  are  only  two  feet  apart,  flhis  point  is  91 
feet  above  the  springing  line.  There  are  eight  ranges  of  purlins  in 
all,  which,  except  the  uppermost,  diminish  in  depth  of  section  as 
they  approach  the  summit,  and  those  in  the  lower  triangles  aie 
slightly  heavier,  on  account  of  their  longer  bearing.  The  first 
purlin  of  a  large  triangle  is  1/  8j*  deep,  and  its  T-iron  flanges  are 
3.J'  X  3-//  X  h" •  The  upper  purlin  has  a  continuous  web  plate 
101?"  deep,  with  top  and  bottom  flanges  made  of  four  pieces  of 
L-iron,  2"  X  2"  X  These  dimensions  are  altered  in  a  small 
triangle.  The  T-iron  is  3"  X  3"  X  h  The  upper  purlin  is  11 
inches  deep,  the  angle  irons  being  the  same  as  in  the  shallower 
ones  below.  Wrought  iron  sash  bars  are  rivetted  to  the  purlins 
at  18  inches  apart  to  receive  the  glass,  every  fifth  bar  being  made 
sufficiently  stout  to  assist  in  the  system  of  cross  bracing,  and  pre¬ 
vent  any  twisting  or  sagging  in  the  purlins  themselves.— See  Fig.  91. 

Figs.  90  and  92  give  enlarged  transverse  sections  of  portions  of  the 
dome  ribs,  and  the  details  of  the  diagonal  tie  bars,  and  of  their  mode 
of  adjustment  by  right  and  left  handed  nuts  at  mid  length. 

Fig.  93  shows  in  plan  and  in  vertical  section  the  method  by 
which  the  ensemble  of  ribs  is  united  to  the  hollow  centre  pipe  or 
socket  at  top.  Eight  ribs  only  out  of  the  twelve  are  shown  in  the 
plan,  the  remaining  four  are  secured  between  these.  The  eight 
shown  are  united  in  pairs  to  a  sort  of  triangular  frame  casting  by 
bolts  and  nuts.  In  the  end  of  this  next  the  centre  of  the  dome,  a 
large,  deep  vertical  T-socket  is  formed.  Into  four  of  these  sockets 
four  wings,  cast  at  right  angles  to  each  other  upon  the  centre  piece, 
drop,  and  are  wedged  with  hard  wood  wedges  against  the  opposite 
sides,  after  the  ends  in  a  radial  direction  have  been  made  to  bed 
firmly  and  exactly  against  the  bottoms  of  the  T-sockets  in  the  cast¬ 
ings  by  means  of  planed  flat  keys,  which  are  seen  in  the  section. 

Into  the  socket  thus  secured 
Fig- 9i.  bv  the  centre  piece  or  pipe, 


Exhibition,  1862— Sash  bars  of  dome  and 
gallery  ventilator. 


Exhibition,  1862 — Bracing  of  dome. 


external  character  of  which  will  be  seen  in  Plate  No.  4,  and  in  the 
vertical  section,  Fig.  94,  annexed,  which  shows  the  internal  structure 
of  the  dome  and  portion  of  the  building  which  we  have  been  describin'1-. 


The  zinc  rosette  at  the  top  extends  32  feet  down  the  dome  to  its 
extreme  points  upon  the  rolls  over  the  ribs.  All  the  remainder  is 
glazed,  we  believe,  with  32-ounce  sheet  glass.  It  is  puttied  into  its 


Fig  93. 


Exhibition,  1862 — Apex  of  dome  from  the  under  side. 

place,  and  the  T -section  of  the  very  gross  sash  bars,  and  the  great 
depth  of  the  rabbets,  appear  to  leave  this  part  of  the  work  in  a 
very  undesirable  state. 

The  finials  rise  50  feet  above  the  dome,  and  are  certainly  grace¬ 
ful  in  contour ;  they  finish  with  a  gilded,  and  we  suppose  emble¬ 
matic  ornament,  consisting  of  three  circles  inserted  one  within  the 
other  in  three  co-ordinate  planes,  with  a  spike  or  spear  at  top, 
which  might  with  advantage  have  been  longer,  thinner,  and  taper¬ 
ing  to  a  finer  point.  The  constructive  details  of  the  method 
adopted  for  uniting  the  ribs  of  these  domes  at  top,  is  not  open  to 
any  grave  objection.  It  scarcely  seems  to  us,  however,  to  offer  any 
considerable  guarantee  against  torsion  of  the  whole  mass  round  a 
vertical  axis,  which  in  every  dome,  thus  formed  of  flexible  materials, 
is  the  mode  of  distortion  most  to  be  guarded  against,  and  one  by 
which  a  very  large,  but  very  flat  cast-iron  ribbed  dome,  is  stated  to 
have  wrenched  itself  to  pieces  and  fallen  some  years  ago.  We 
should  ourselves  rather  have  preferred  a  wrought-iron  ring  of  some 
feet  in  diameter  for  the  uniting  point,  against  which  all  the  ribs 
should  have  abutted,  and  to  which  they  should  have  been  rivetted 
with  angle-irons  at  each  side  of  their  continuous  vertical  webs. 
Over  the  exterior  surfaces  then,  the  rivetting  down  upon  the  extrados 
webs  of  some  plates  on  the  flat,  the  edges  of  which  might  have  been 
cut  to  any  rosette  or  other  desired  form,  would  have  produced,  we 
think,  a  lighter,  simpler,  and  stronger  job.  No  statements  have 
been  made,  to  our  knowledge,  of  a  reliable  character,  as  to  how  much 
these  domes  gave  down  when  the  horsing  was  struck  from  under 
them ;  in  some  of  the  daily  papers  it  was  affirmed  that  they  had  not 
given  down  anything  perceptible.  This  may  be  so ;  but  in  that 
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case  there  must  be  a  pretty  severe  tension  upon  the  purlins,  about 
half  the  vertical  height  along  the  ribs.  That  these  domes  are  amply 
strong,  we  suppose  does  not  admit  of  a  doubt ;  but  in  lofty  and  ex¬ 
posed  structures  of  this  sort,  the  question  of  stable  durability,  is  not 
one  of  strength ,  but  of  stiffness.  Thus,  it  may  be  remembered  that  the 
first  of  the  water  towers  that  was  constructed  at  Sydenham,  though 
deemed  unexceptionable  in  point  of  strength ,  proved  so  deficient  in 
stiffness  as  to  be  unsafe  ;  and  after  some  disputing — mainly,  as  we 
have  heard,  depending  on  the  fact  that  the  scantlings  were  amply 
strong,  when  considered  statically ,  for  any  pressure,  vertical  or 
horizontal,  that  the  structure  could  have  brought  against  it — the 
tower  was  condemned,  taken  down,  and  another  (proportioned,  we 
believe,  by  the  late  Mr.  Brunei)  erected  in  its  place,  along  with  the 
second  by  the  same  model,  as  they  both  now  stand.  We  do  not  intend 
to  suggest  the  slightest  parallelism  as  to  unsafeness  in  the  present 
case ;  but  we  think  that,  notwithstanding  the  superiority  of  figure  of 
these  domes  to  resist  lateral  movement,  they  may  turn  out  to  lack 
stiffness,  and  may  rock  in  gales  of  wind,  and  if  so,  must  ultimately 
cause  the  columns,  &c.,  to  rock  with  them.  We  trust  our  mis¬ 
giving  may  in  this  respect  be  quite  unfounded. 

We  have  much  more  assured  doubts,  or  rather  we  have  no  doubt  at 
all,  as  to  the  fate  of  the  glass  in  winter  storms,  however — if  it  remain 
fixed  as  at  present.  If  these  domes  are  to  continue  to  exist,  and 
continue  to  have  a  glass  covering,  we  believe  the  glass  can  only  be 
duly  secured  and  held  in  place — free  from  the  danger  of  being  broken 
or  blown  out — by  its  insertion  beneath  the  rabbets  of  properly 
prepared  wood  bars,  over  iron,  with  the  caps  of  the  rabbets  secured 
on  by  brass  screws ;  and  that  much  better  bedding  material  than 
putty  in  the  rabbet  for  the  glass  edges  would  be  found  in  vulcanized 
india-rubber,  and  for  the  cross  laps,  in  meeting  the  successive  panes, 
edge  to  edge,  with  an  H-shaped  (in  section)  meeting-strip  of  gutta 
percha,  or  some  such  material,  between  them.  Oil  putty  will  never 
harden  or  become  trustworthy,  in  the  thick  masses  in  which  it  has 
been  applied  upon  the  sash  bars  of  these  domes. 

While  we  are  reluctantly  finding  fault,  we  would  add  that  it 
seems  to  us  a  want  not  to  have  provided,  in  at  least  four  places, 
an  iron  staple-ringed  ladder  forming  a  fixed  part  of  the  roll  cap¬ 
ping  (then  of  iron)  on  the  outside  of  as  many  of  the  ribs,  by 
which  any  part  of  the  exterior  could  by  very  safe  and  simple 
tackle  be  reached  for  examination  and  repair.  The  getting  up  to 
the  finials,  or  near  them  now,  over  the  icy  surface  through  which 
all  below  is  visible,  might  seem  to  even  the  most  accustomed  heads 
like  arriving  at  one  of  the  pinnacles  of  terror  of  the  Inferno.  Inside 
there  can  never  be  any  serious  difficulty  in  getting  a  man  safely 
up  to  any  part,  even  to  the  very  top,  by  a  properly  prepared  hang¬ 
ing  box  attached  to  a  rolling  carriage,  with  wheels  so  made  as  to 
clutch  the  cross  web  of  the  intrados  of  any  of  the  curved  ribs,  and 
roll  up  along  it,  always  hanging  plumb. 

That  those  domes  were  completed  within  the  time  and  under  the 
circumstances  in  which  they  were  erected  during  the  last  winter 
weather,  is  almost  a  miracle  of  practical  skill  and  energy,  and  deserves 
the  highest  encomium.  It  has  been  stated  that  these  domes  are  the 
largest  that  have  ever  been  executed.  In  some  senses,  but  in  some 
only,  if  in  any,  is  this  a  fact.  The  dome  of  the  old  Halle  au  Ble  at 
Paris,  of  timber,  was  200  feet  diameter,  we  believe ;  and  after  its 
destruction  by  fire  was  replaced  by  the  wrought  iron  and  zinc  dome, 
still  in  existence,  of  the  same  dimensions.  Particulars  of  both  will 
be  found  in  “  Rondelet’s  L’Art  de  Batir.”  As  it  is  a  matter  of 
some  interest  to  be  able  to  compare  at  a  glance  the  relative  linear 
dimensions  of  the  shells,  either  exterior  or  interior,  of  some  of  the 
greatest  domes  in  existence,  exclusive  of  the  above,  we  have  pre¬ 
pared  the  diagram,  Fig  95,  in  which  are  given  seven  domes,  for 
three  of  which  we  are  indebted  to  Captain  Philpotts’  like  diagram 
as  exhibited  to  the  Society  of  Arts  this  year.  These  are— the 
Exhibition  of  1862;  St  Peter’s  at  Rome ;  the  Pantheon  at  Rome; 


the  Duomo  at  Florence  ;  the  Reading  Room  of  the  British  Museum, 
St  Paul’s — both  at  London  ;  and  the  dome  of  the  Exhibition  Build¬ 
ing  of  1853-54  of  New  York.  These  lines  speak  for  themselves. 


Diagram  of  comparative  sizes  of  celebrated  domes. 

It  remains  that  we  describe  the  decoration  of  the  interior  of  those 
domes.  Having  already  described  that  of  all  other  parts  of  the 
building,  again  we  shall  let  Mr  Crace  speak  for  himself,  as  he  described 
his  work  at  the  Society  of  Arts  :  — 

“  My  principal  difficulty  in  carrying  out  the  decoration  of  the 
domes  was,  that  I  could  see  nothing  of  them.  The  scaffold  formed 
a  series  of  solid  stages  or  floors,  through  which  it  was  impossible  to 
view  anything ;  and  I  confess  I  never  could  mount  the  ladders  above 
100  feet ;  but  even  there  the  scaffolding  was  so  thick  that  I  could 
see  nothing  of  the  top,  and  very  little  of  the  cornice,  facia,  and 
walls. 

“  At  last  Mr.  Ashton,  the  engineer,  contrived  to  get  for  me  an  open 
square  box  into  which  I  got,  and  I  was  drawn  up  by  means  of  his 
beautiful  little  engine  very  pleasantly  to  the  top  ;  yet  when  I  got  there 
the  ceiling  almost  touched  my  head,  so  that  I  had  no  opportunity  of 
judging  beforehand  of  the  effect  of  distance  and  light  upon  my  colour¬ 
ing,  and  I  knew  well  that  they  were  very  formidable  elements  for 
consideration.  The  knowlege  that  the  scaffold  would  be  taken  down 
before  I  could  possibly  judge  of  the  effect,  and  that  when  once  down 
I  could  never  hope  to  touch  my  decoration  again,  caused  me  many 
an  anxious  thought. 

“  My  drawing  will  best  explain  to  you  the  colouring  I  adopted  for 
the  top  of  the  domes.  The  main  ribs  are  painted  bright  red,  with 
spaced  black  and  white  at  the  edges,  and  a  fine  gold  line  up  the 
centre  spreads  at  intervals  of  about  4  feet  into  lozenges  and  circles 
containing  gilt  stars  on  a  blue  ground ;  where  the  main  ribs  reach 
the  ring  plate  I  carry  round  the  red,  marking  the  points  of  intersec¬ 
tion  with  black  and  white ;  thence  the  eight  main  ribs  are  painted 
deep  blue,  relieved  with  red,  gold,  and  black,  until  tbey  meet  in  the 
centre  pipe  or  pendant,  which  is  gilt  bordered  with  red.  The  shaped 
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Exhibition,  1862 — Vertical  section  of  dome. 
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covering,  or  umbrella,  as  I  am  accustomed  to  call  it,  is  painted  light 
blue ;  gold  colour  and  gilt  rays  diverging  from  the  centre  and  stream¬ 
ing  a  considerable  way  down  the  blue,  the  shaped  outline  of  which 
is  bordered  with  red  and  gold  ornament. 

“  In  decorating  the  walls  of  the  domes,  the  solid  parts  between 
the  arches,  and  the  springing  of  the  roof,  it  was  necessary  to  con¬ 
sider  the  probable  effect  of  the  great  mass  of  light  above.  On  the 
one  hand  it  was  desirable  to  sustain  it  with  sufficient  strength  of 
colour,  on  the  other  it  would  be  dangerous  to  make  it  too  heavy. 

“  The  moulding  of  the  cornice  and  facia  are  painted  vellum  colour, 
very  slighty  relieved  by  gilding ;  the  trusses  are  gold  colour ;  the 
facia  between  them  is  red,  with  a  vellum  patera  ;  the  soffit  is  green. 
The  broad  facia  below  is  painted  blue,  and  on  it  is  inscribed  in  gold 
letters,  three  feet  high,  the  exordium  of  David  in  the  29th  chapter 
of  the  first  Book  of  Chronicles,  ‘  Thine,  0  Lord,  is  the  greatness, 
and  the  glory,  and  the  victory,  and  the  majesty  :  for  all  that  is  in  the 
heaven  and  the  earth  is  thine  ;  ’  and,  ‘  0  Lord,  both  riches  and  honour 
come  of  thee,  and  thou  reignest  over  all ;  and  in  thine  hand  is  power 
and  might,  and  in  thine  hand  it  is  to  make  great.’ 

“  The  large  iron  columns,  which  rise  nearly  100  feet  high,  are 
painted  dark  maroon  colour,  their  capitals  being  richly  gilt.  The 
panelling  between  the  arches  and  the  frieze  is  painted  in  shades  of 
red,  relieved  by  coloured  lines  ;  in  the  four  broad  compartments  are 
inscribed,  on  dark  green  panels,  Europe,  Asia,  Africa,  and  America  ; 
below,  on  a  circle,  are  the  initials  of  those  so  beloved  by  us  all, 
Victoria  and  Albert.  On  the  eight  spandrils  to  the  four  main  arches, 
are  medallions,  eight  feet  diameter,  by  Mr.  Burchett  of  the  Kensing¬ 
ton  School  of  Art,  emblematic  of  Manufactures,  Commerce,  and  the 
various  arts  and  sciences  which  lend  their  aid.  These  were  executed 
in  an  exceedingly  short  time,  and,  like  all  the  rest  of  the  work,  with 
no  opportunity  of  judging  how  they  would  look  in  their  elevated 
situation.  I  should  add,  that  round  the  red  panelling  is  a  broad 
margin  of  sage  green,  on  which  are  stencilled  pateras.  The  mould¬ 
ing  of  the  arches  is  painted  vellum  colour,  the  top  fillet  being  gilt ; 
and  the  face  of  them  ornamented  with  vitruvian  scroll  in  dark  colour. 

“  The  walls  at  the  gable  end  of  the  nave  and  transept  are  treated 
so  as  to  recall  the  arched  form  of  the  principals.  Under  these  a 
semicircular  panel  is  formed  of  warm  brown  colour,  bordered  by  a 
broad  blue  margin,  on  which  are  gold  stars.  Inside  the  panels  are 
written  the  following  sentences  : — 

“  On  the  east  end  of  nave — 

“  ‘  The  wise  and  their  works  are  in  the  hands  of  God.’ — Ecclesiastes  ix.  1. 

“  On  the  east  end  of  transept — 

“Alternately  the  Nations  learn  and  teach.’ — Cowper. 

“  On  the  south-east  end  of  transept — 

“  ‘Each  climate  needs  what  other  climes  produce.’ — Cowper. 

“  On  the  west  end  of  the  building  the  sentences  are  in  Latin,  being 
the  part  occupied  by  foreign  exhibitors.  At  the  end  of  nave  is  writ¬ 
ten  : — 

“  *  Gloria  in  excelsis  Deo,  et  in  terra  pax. 

“  At  the  north-west  end  of  the  transept — 

“  1  Domini  est  terra,  et  plenitudo  ejus.’ 

“  At  the  south-west  end  of  transept — 

“  ‘  Deus  in  terram  respexit,  et  implevit  illam  bonis  suis.’ 

u  Inside  these  semicircular  panels  are  a  series  of  radiating  panels, 
painted  maroon,  and  bearing  the  names  of  the  various  sciences  and 
arts  which  have  affinity  with  the  objects  exhibited.  The  coloured 
drawing  will  more  directly  explain  what  I  have  thus  endeavoured 
to  describe.” 


It  is  with  real  satisfaction  that  we  are  able  to  say,  that  we  quite 
agree  with  the  opinions  expressed  by  several  present  at  the  discus¬ 
sion  on  Mr.  Crace’s  paper,  in  considering  the  decorations  beneath 
these  domes  as  extremely  grand,  harmonious,  and  rich ;  and  could 
we  shut  out  from  eyesight,  along  the  vistas  of  the  nave  and  transepts, 
the  to  us  most  disagreeable  effect  of  the  chequering  of  the  roof 
ribs,  the  ensemble  would  be  perfect.  Soon  after  these  pages  shall  have 
been  in  the  hands  of  our  readers,  the  general  effect  will  be  greatly 
enhanced  by  the  rich  display  of  objects  beneath  ;  our  last  visit  having 
been  made  when  mountainous  piles  of  timber  and  cases,  &c.,  encum¬ 
bered  the  platform  of  the  domes.  Perhaps  rather  less,  and  less  rich 
colour,  in  the  highest  region  of  the  concave  of  the  domes,  might  have 
been  better.  Something  seems  to  have  been  taken  from  their 
interior  altitude  to  the  eye,  by  the  forward  and  resolute  address  to  it, 
of  the  lambent  rays  of  the  central  sun  above. 

Yet  one  word  of  criticism  in  general  as  to  these  domes.  Two  domes 
— big,  glittering,  imposing  they  are — but  what  is  their  aesthetic 
suitability?  what  is  the  suitability  of  a  big  glass  dome  at  all,  to  an 
Exhibition  building  ?  and  most  of  all,  what  is  the  suitability  of  two? 
It  has  been  said — by  whom  we  forget — that  “  a  brown  loaf,  if  it 
were  only  big  enough,  would  become  sublime!”  and  undoubtedly 
mere  size  is  one  element  of  sublimity,  or  at  least  greatness  and  gran¬ 
deur  are  close  akin.  But  whenever  the  sublime  and  the  beautiful 
go  together,  they  are  united  by  the  link  of  suitability.  There  must 
be  an  aim  clearly  shadowed  forth  and  adequately  attempted,  to  the 
satisfaction  of  the  intellect,  by  a  method  and  on  a  scale  that  shall 
fill  and  gratify  the  imagination,  in  every  human  work  that  is  to  stand 
the  true  tests  of  beauty,  and  be  found  in  its  spiritual  foundations  to 
bear  contact  and  comparison  with  nature ;  with  the  Creator’s  own 
phenomena  which  rest  evermore  upon  all  three  points  of  that  won¬ 
drous  “tripod”  of  the  Greek  philosophy,  the  Good,  the  True,  and 
the  Beautiful.  Devoid  of  suitability,  then,  a  work  of  art,  however 
great  and  costly,  wants  the  Good  and  True,  and  its  equilibrium  for  the 
Beautiful  is  gone.  It  may  be  imposing — grand — even  terrible — by 
excess  of  these,  but  it  is  the  grandeur  of  ignorance  and  of  barbarism  ; 
it  belongs  to  art  such  as  that  which  piled  up  the  pyramids  and 
scarped  down  the  mountainous  tumuli  hidden  in  Texan  forests.  Six 
feet  of  earth  could  cover,  “  great  Caesar’s  corpse  when  turned  again 
to  clay ;  ”  what  suitability  was  there,  that  the  dust  of  a  Pharaoh 
should  lie  fathoms  deep  beneath  the  million  tons  of  piled  up  stone  ? 
None,  the  instinct  of  mankind  has  so  felt,  if  not  uttered,  in  this 
“frontier  instance;”  and  it  is  only  because  the  instinct  and  feeling  have 
not  found  articulate  utterance  in  “  a  principle,”  if  mankind  have  not 
equally  pronounced  the  big  and  pretentious  though  less  enormous 
tombs  of  a  Hadrian  or  a  Mausolus,  however  well  proportioned  and 
richly  ornamented  in  form,  as  unsuitable  and  as  barbarous  in  taste 
as  a  pyramid. 

Let  us  then  thus  test  the  good  taste  of  these  domes,  or  rather  of 
one  dome  first.  What  suitability  is  there  to  a  great  industrial  palace, 
temporary  or  permanent,  or  what  to  a  supposable  future  gallery  of 
paintings  or  sculpture,  in  an  enormous  transparent  glass  bubble,  with 
its  icy  concave  two  hundred  feet  in  the  air,  and  covering  nothing,  or 
as  Punch  would  say,  “  leastways  nothing  particular.”  What  is  the 
use  of  this  prodigious  height?  yea  rather,  what  is  the  use  of  the  dome 
at  all  ? — nothing ;  a  big  toy  to  be  gazed  up  at,  and  no  more.  Nay, 
but  it  is  said,  size  and  height  are  indispensable  to  dignity,  and  the 
building  should  be  worthy  of  its  object  and  contents :  truly  so,  but 
size  and  height  confer  no  dignity,  unless  these  have  a  recognizable, 
obvious,  and  necessary  (not  forced  or  fancied)  suitability  and  pro¬ 
portion  to  the  object  and  intent.  Would  my  dignity  be  insured  by 
my  living  in  a  palace,  with  the  means,  attendants,  and  surroundings 
of  five  hundred  a  year?  Would  the  lord-mayor’s  coach  be  more 
dignified,  for  that  august  personage  and  the  recorder  to  ride  vis  a  vis 
in,  if  it  were  as  big  as  the  car  of  Juggernauth,  and  occupied  the 
whole  width,  as  it  rolled  down  Ludgate  Hill,  obscuring  the  dome  of 
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St.  Paul’s  ?  Common  sense  says,  No,  and  surely  must  equally  deny 
dignity  or  fundamental  beauty  to  a  dome  without  an  object — that 
must  for  ever  remain  full  of  emptiness,  with  no  suitable  or  apparent 
aim,  a  gigantic  and  useless  airy  lanthorn. 

But  again  some  one  replies,  This  would  equally  object  to  all  domes; 
if  these  be  bad,  so  are  the  domes  of  St.  Peter’s  and  St.  Paul’s.  We 
will  try  this,  if  it  be  true,  by  our  first  principle.  Let  us  weigh  all  the 
domes  in  the  same  balance  of  suitability.  Etymology  is  often  no 
bad  critic  in  matters  of  taste :  Dome,  Domus — II  Duomo  what 
suggested  the  form  of  speech  ?  It  was  The  House — the  canopy,  by 
human  hands  erected  to  cover  and  protect  that  one  thing  that 
human  hearts  believed  most  sacred,  around  the  precincts  of  which 
the  ground  was  holy,  and  from  near  approach  to  which  even  the 
encrusted  marble  and  mosaic  of  wall  and  roof,  must  stand  off  far 
and  aloof.  The  dome  covered  beneath  its  central  point  the  high 
altar ;  it  was  the  culminating  point  of  Christian  feeling,  that  beneath 
which  devotion  believed  that  Deity  itself  was  manifested  to  mortal 
eye.  It  is  not  now  the  question,  Was  this  true  or  false?  It  was 
believed  for  true,  by  those  who  imagined  and  reared,  first,  these 
Christian  domes ;  that  was  enough  for  them,  and  the  dome,  as  cover¬ 
ing  the  very  penetralia  of  Christian  mystery,  was  suitable,  no  more 
than  adequate  if  even  so  much,  and  beautiful,  as  “  the  house”  dedi¬ 
cated  to  Him,  “  of  whom  heaven  is  the  throne,  and  earth  the  foot¬ 
stool.”  Or  if  we  go  to  remoter  ages,  and  to  the  original  inventors 
of  the  dome,  it  still  covered  the  central  culminating  point  of  a  creed, 
a  polity,  or  a  historic  line ;  beneath  its  concave  reposed  the  ashes 
of  an  Akbar,  a  Baber,  or  a  Mahomet,  towards  whose  shrine,  the 
centre  point  and  focus  of  a  central  faith  and  temple,  the  eyes  of 
gathering  thousands  gleamed  around  in  pilgrimage  from  afar. 

The  dome,  then,  was  the  most  noble  covering  for  the  one  most 
sacred  •point  and  object— ug  xupiog,  pua  mong.  But  who  ever  heard 
of  lv>o  domes  to  cathedral  or  sepulchre,  both  equal  and  alike — neither 
at  a  central  point,  but  like  Bottom’s  ears,  pricked  up  at  both  sides — 
neither  having  any  assignable  use,  unless  to  cover  a  mob  of  fiddlers ; 
and  if  any,  just  one  were  proposed,  debatable  to  which  it  should 
belong.  As  well  have  two  popes,  or  two  suns  in  the  firmament. 

As  a  matter  of  taste  then,  in  our  judgment,  a  dome  at  all — star’ 
£%0X7IV>  one  °f  glass— is  for  an  exhibition  building,  a  fundamental 
mistake.  The  production  of  two — equal,  similar,  and  neither  central, 
and  without  an  assignable  use  for  either — appears  to  us  an  aesthetic 
absurdity. 

And  now,  before  we  leave  questions  of  matters  of  taste  and  fine 
art,  let  us  for  a  few  moments  recur  to  the  picture  galleries,  and  to 
their  manner  of  being  lighted.  Illumination  of  paintings  from  the  roof 
is  claimed  to  be  a  sort  of  modern  discovery  ;  light  let  in  here  and  here 
only,  we  are  taught  (that  is,  those  of  us  that  are  teachable,  and  do 
not  impertinently,  and  as  heretics  in  taste  and  thought,  ask  questions, 
as  though  the  utterances  of  a  whole  department  full  of  science  and 
art  were  not  infallible),  is  the  one  thing  needful.  And  so  great  is 
the  import  of  the  discovery,  if  discovery  it  be,  that  Sir  John 
BensoD,  Captain  Fowke,  and  no  doubt  others,  each  claim  to  be  “  the 
true  and  first  inventor.”  But  is  it  so  absolutely  certain  that  this 
top  illumination  is  the  best  possible,  and  under  all  circumstances,  for 
satisfactorily  viewing  oil  paintings  ?  We  do  not  say  it  is  not,  for  we 
ourselves  have  not  had  the  occasion  or  opportunity  of  studying  the 
question,  and  we  readily  give  due  weight  and  some  faith  to  the  dicta 
of  those  who  declare  they  have  come  to  conclusions  upon  it.  But 
our  faith  is  a  little  staggered  when  we  find  that  even  “  doctors’ 
differ that  the  practice  of  those  who  lived  and  died  amongst  good 
pictures,  and  those  who  painted  them,  and  who  we  must  suppose 
had  some  notions  of  their  own  in  the  matter,  was  not  quite  coinci¬ 
dent  with  “top-light”  notions;  and  lastly,  when  we  find  that  an 
ex  cathedra  scientific  exposition,  of  the  why  and  the  wherefore  of 
“ceiling  illumination,”  seems  to  us  to  fail  altogether  in  scientific 
truth. 

_ 


If  top  light  be  the  only  right  thing,  let  us  ask  then,  how  is  it  that 
so  many  of  the  very  finest  galleries  and  collections  of  paintings  on 
the  continent  are  not  thus  lighted,  but  lighted  from  one  side  ?  How 
is  it  that  the  grand  pictorial  gems  of  the  Vatican,  and  reputedly  of 
the  world,  a  relighted  from  the  side — that  the  whole  of  the  pictures 
of  the  Museo  Borbonico  are  thus  lighted — that  the  Florentine 
Gallery  is  mainly  so — that  the  master-pieces  of  Venice  are  so  too — 
and  many  other  examples  might  be  detailed  ?  Perhaps  they  may 
be  all  wrong — we  do  not  say  they  are  not  so — and  that  the  “  top- 
lights ’’are  alone  right.  We,  however,  cannot  recognize  the  force  of 
the  popular  phrase  we  so  often  hear  adduced  as  a  palpable  and  con¬ 
clusive  argument  in  their  favour,  that  the  sun  is  overhead — nature 
illuminates  her  objects  by  top-lights — for  even  without  referring  to 
a  certain  latent  optical  fallacy  contained  in  the  statement  of  the 
premiss,  it  does  not  follow,  that  that  illumination  which  best  shows 
solid  objects,  spread  out  over  a  horizontal  plain  at  all  possible  dis¬ 
tances,  must  also  be  the  best  by  which  to  discern  the  resemblances 
of  these,  existing  upon  the  variously  coloured  and  shadowed  plane 
surface,  of  a  vertical  or  nearly  vertical  picture. 

Captain  Philpotts,  however,  in  his  paper  read  before  the  Society  of 
Arts  in  December  last  on  this  Exhibition  building,  has  thought 
proper  to  enlighten  us  by  a  scientific  explanation  of  why  the  top- 
light  is  the  right  thing,  and  the  only  right  one,  and  has  explained  his 
views  by  a  diagram,  to  which  we  must  refer  our  readers  for  fully 
comprehending  his  views,  and  in  the  absence  of  which  here  we 
cannot  attempt  to  repeat  them  fully.  His  demonstration  we  take 
leave  to  say,  however,  amounts  precisely  to  this  and  no  more — that 
at  a  reflecting  surface  the  angle  of  incidence  is  equal  to  the  angle  of 
reflection — a  matter  pretty  well  known  before  ;  but  beyond  this,  as 
we  understand  his  explanation,  it  is  wholly  beside  the  point,  and 
indeed  appears  to  misunderstand  the  whole  matter.  His  exposition 
is  in  fact  this,  and  no  more,  that  equal  angles  of  incidence  and  of 
reflection  of  a  beam  transmitted  from  a  radiant  point,  situated  above 
and  at  one  side  of  a  picture  gallery,  will  be  made  to  eyes  situated 
at  various  distances,  in  one  line  across  the  floor,  at  or  from  points 
varying  in  height  upon  the  opposite  wall.  This  may  be  quite  true, 
but  has  nothing  to  do  with  the  question,  nor  with  what  Captain 
Philpotts  calls  “  the  glitter  point  ”  of  an  oil  picture.  His  explana¬ 
tion  appears  to  us  to  rest  upon  misconception  as  to  the  nature  of  the 
optical  phenomena  that  produce  this  glitter,  and  upon  confusing  an 
optical  image  with  day-light. 

The  glitter  point  of  an  oil  picture  depends  upon  the  same  condi¬ 
tions,  and  is  explicable  and  manageable  by  the  application  of  the 
same  laws,  as  the  glitter  from  water,  the  sea,  a  smooth  lake,  &c. 
There  is  a  certain  angle  at  which  light  falling  upon  water  does 
not  enter  it,  but  is  totally  reflected  back.  The  angle  at  which 
this  takes  place,  the  “angle  of  total  reflection,”  differs  for  different 
reflective  surfaces.  It  has  a  certain  value  (ill  defined  by  reason  of 
want  of  smoothness)  for  the  varnished  reflecting  surface  of  an  oil 
picture,  and  if  light  beam  in  upon  a  picture,  all  of  it  that  is  incident 
at  or  about  this  angle  will  be  reflected  back  and  reach  the  eye  in 
glitter  only ;  while  the  further  the  eye  is  off  from  this  angle  of 
total  reflection,  the  more  perfectly  it  will  be  able  to  discern  the  pic¬ 
ture  itself,  without  disturbance  from  the  light  sent  back  in  one  direc¬ 
tion  only,  not  from  the  picture,  but  from  the  inner  surfaces  of  the 
outer  film  of  its  varnished  face.  Now,  all  this  is  true  and  will  equally 
take  place  whether  the  beam  of  light  be  thrown  upon  the  varnished 
surface  from  above  downwards  as  by  top-light,  or  from  one  side  as 
from  windows.  The  angle  of  total  reflection  for  water  is  a  large 
one,  and  hence  it  is  that  the  glitter  from  its  smooth  surface,  by  sun 
or  moon,  always  reaches  the  eye  as  from  a  great  way  off.  The  angle 
is  less  no  doubt  for  the  varnished  face  of  a  picture,  but  we  are  not 
aware  whether  it  has  ever  been  experimentally  determined,  and  it 
will  vary  within  wide  limits  in  pictures  rough  or  smooth  in  surface, 
painted  in  diffferent  styles,  varnished  in  different  ways,  or  of  dif- 
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ferent  ages,  &c.  The  two  grand  points,  optically,  to  be  secured  in  a 
gallery  for  oil  paintings,  are — that  the  light  that  enters  it  shall  be 
as  perfectly  diffused  as  possible,  and  that  the  pictures  shall  be  so 
hung  that  the  proper  points  of  sight  for  the  largest  uumber  of  spec¬ 
tators  of  the  pictures  shall  be  removed  through  an  angle  as  large  as 
possible  from  this  angle  of  total'  reflection.  If  these  be  accom¬ 
plished,  we  apprehend  it  is  a  matter  of  no  moment  whether  the 
illumination  be  by  sky-lights  or  by  windows.  It  is,  however,  quite 
possible  that  it  may  be  found  most  readily  accomplished,  and  for 
the  largest  floor  area  of  spectators,  by  the  former  method. 

Were  this  the  place  to  pursue  a  digression  further  on  the  subject 
of  picture  gallery  illumination,  we  would  add  a  third  condition,  that 
oil  paintings  should  be  so  hung  as  to  avoid  the  polarization  of  the 
light  of  day  by  reflection  from  their  surfaces  on  adjacent  walls.  The 
extent  to  which  this  takes  place  in  picture  galleries  seems  heretofore 
to  have  attracted  no  attention. 

We  return  to  the  historical,  to  give  a  few  more  particulars  as  to 
this  building  of  1862,  that  may  be  of  somewhat  abiding  interest. 
We  have  already  given  Captain  Philpotts’  statements  as  to  the  bear¬ 
ing  powers  of  the  trellis  girders  of  the  galleries.  The  following  is 
the  Report  addressed  to  the  Commissioners  of  the  Exhibition  by 
Mr.  Win.  Fairbairn  and  Mr.  Wm.  Baker,  civil  engineers,  detailing 
the  results  of  the  proofs  to  which  they  themselves  experimentally 
submitted  the  strength  of  the  galleries  and  staircases.  These  gentle- 
ment  also  touch  slightly  upon  the  strength  of  the  domes,  but  in  a 
rather  loose  way : — 

“  TO  THE  COMMISSIONERS  OF  THE  INTERNATIONAL  EXHIBITION. 

“  My  Lords  and  Gentlemen, — Feeling  that  it  would  be  a  source 
of  satisfaction  to  the  Commissioners,  as  well  as  to  ourselves,  as  mem¬ 
bers  of  the  Building  Committee,  and  also  a  due  precaution  for  the 
public  safety,  that  the  gallery  and  other  floors  of  the  International 
Exhibition  Building,  at  South  Kensington,  should  be  thoroughly 
proved,  we  undertook  a  series  of  experiments  on  Monday  last. 

“  We  have  to  report  that,  in  carrying  out  these  experiments,  the 
various  floors  and  stairs  were  put  to  a  more  severe  test  than  they 
would  be  subjected  to  with  the  largest  number  of  people  that  could 
possibly  be  assembled  upon  them  at  any  other  time  during  the  Exhi¬ 
bition.  The  results  of  these  experiments  fully  bear  out  our  calculations 
on  the  strength  of  the  different  parts  of  the  structure,  and  we  feel 
perfectly  satisfied  as  to  the  stability  of  the  building  for  the  purpose 
for  which  it  was  intended. 

“  The  two  large  domes,  in  the  strength  of  which  we  have  taken 
great  interest,  were  eased  from  their  temporary  support  last  week, 
and  no  observable  settlement  took  place. 

“  The  following  are  the  particulars  of  the  tests: — We  first  caused 
a  large  body  of  men,  about  400  in  number,  to  be  closely  packed  upon 
a  space  25  feet  by  25  feet  on  one  lay  of  flooring  ;  we  then  moved 
them  in  step,  and  afterwards  made  them  run  over  the  different  gal¬ 
leries,  and  down  each  staircase ;  at  the  same  time  we  caused  the 
deflections  of  the  girders  carrying  these  floors  to  be  carefully  noted 
at  several  places,  and  had  the  satisfaction  of  finding  that,  in  each  case 
the  deflections  were  very  nearly  the  same,  thus  exhibiting  a  remark¬ 
able  uniformity  in  the  construction.  The  cast-iron  girders,  with  25 
feet  bearings,  deflected  only  one-eighth  of  an  inch  at  the  centre,  and 
the  timber-trussed  beams  of  the  same  bearing  placed  between  these 
girders  deflected  half  an  inch  at  the  centre.  In  every  instance  the 
girders  and  trusses  recovered  their  original  position  immediately  on 
the  removal  of  the  load. 

“  We  are,  my  Lords  and  Gentlemen,  yours  faithfully, 

“  WM.  FAIRBAIRN,  | 

“  WILLIAM  BAKER,)  U  K 

“  London,  Feb.  13.” 


The  following  particulars  as  to  the  laying  out  of  the  works  were 
given  by  Captain  Philpotts. 

We  may  mention  here  that  some  very  ingenious  and  simple 
geodetic  methods  and  instruments  for  ranging  columns,  &c.,  in  works 
of  this  description,  and  marking  their  centres  upon  their  actual  bases, 
are  given  by  M.  Barrault  in  his  large  work  on  the  building  of  1855, 
to  which  we  have  so  often  referred. 

LAYING  OUT  OF  THE  WORKS. 

The  laying  out  of  the  works  was  commenced  on  9th  March,  1861, 
by  three  independent  agencies — Mr.  Marshall  on  the  part  of  the 
contractors,  while  Mr.  Wakeford  and  Sergeant  ITarkin,  Royal 
Engineers,  acted  for  the  Commissioners. 

Great  care  had  to  be  taken  with  the  measurements,  for  the 
slightest  error  would  have  thrown  out  the  work  considerably,  and 
have  occasioned  great  difficulty  in  fitting  the  girders.  In  the  three 
separate  measurements  made,  the  mean  variation  was  only  three- 
eighths  of  an  inch,  a  difference  quite  imperceptible  in  a  piece  of 
ground  1200  feet  by  600  feet.  A  glance  through  any  of  the  aisles 
will  show  how  accurately  the  work  has  been  conducted  ;  and  whether 
they  be  examined  on  the  square  or  diagonally,  the  columns  will  be 
found  to  range  in  line  as  perfectly  as  they  would  show  in  a  plan. 

About  two  weeks  were  occupied  in  making  the  measurements, 
so  that  the  building  may  be  said  to  have  been  actually  commenced 
in  the  beginning  of  April,  1861,  since  when  its  progress  has  been 
uninterrupted  and  rapid.  The  building  is  even  yet  not  absolutely 
complete  in  all  respects.  It  may,  however,  be  said  to  have  been 
practically  finished  about  the  beginning  of  this  month  of  April,  1862, 
and  has  hence  been  just  about  a  year  in  progress. 

The  following  statistics  were  also  given  by  Captain  Philpotts  as 
to  the  quantities  of  the  chief  materials  used  in  its  construction  : — 

There  are  7,000,000  bricks  used;  these  have  all  been  supplied 
by  Messrs.  Smeed,  of  Sittingbourne.  Nearly  all  the  cast-iron  work 
has  been  supplied  from  the  Stavely  iron-works  in  Derbyshire  ;  there 
are  upwards  of  4000  tons  of  this  metal  in  the  building ;  and  to  show 
what  care  has  been  taken  with  the  castings,  only  four  girders  have 
proved  defective,  by  breaking  in  the  proof. 

There  are  upwards  of  820  columns,  of  25  feet,  equal  in  length  to 
4  miles  ;  and  if  the  1266  girders  used  were  placed  end  to  end,  they 
would  reach  a  distance  of  6  miles.  The  wrought-iron  was  chiefly 
supplied  by  the  Thames  Iron  Company,  Blackwall,  London.  This 
firm  undertook  the  supply  of  all  the  iron  for  the  domes,  the  groined 
ribs,  the  50-feet  roofs,  and  the  iron  trellis  girders  which  support 
them ;  the  total  quantity  of  wrought-iron  in  connection  with  these 
parts  amounts  to  12,000  tons. 

The  timber  work  was  executed  partly  at  the  works  of  Messrs. 
Lucas,  at  Lowestoft,  and  partly  at  Mr.  Kelk’s  works  at  Pimlico ;  the 
former  prepared  all  the  window  sashes,  &c.,  &c.,  by  machinery ;  and 
the  latter  constructed  the  heavy  ribs  of  the  nave  and  transepts. 
Upwards  of  1,000,000  super  feet  of  floor  has  been  laid. 

To  cover  the  roofs  486,386  square  feet  of  felt  are  used,  equal  to 
1 1  acres ;  and  to  complete  the  whole  of  the  glazing  requires  553,000 
super  feet  of  glass,  which  weighs  247  tons,  and  would  cover  12J  acres. 

The  whole  of  the  working  drawings  have  been  prepared  by  Mr. 
Meesom,  who  has  had  charge  of  the  details  of  construction  from  the 
time  that  the  building  has  been  put  into  the  hands  of  the  contractors, 
and  who  performed  a  similar  duty  in  the  erection  of  the  Houses  of 
Parliament,  under  Sir  Charles  Barry,  as  well  as  in  several  other 
large  undertakings.* 

*  We  have  stated  in  the  text,  that  we  have  been  indebted  to  Captain  Fowke 
for  the  working  drawings  from  which  the  illustrations  as  to  Building  of  1862 
are  taken.  One  drawing  only,  which  was  still  required  after  all  others  were  in 
our  possession,  was  found  to  be  in  the  hands  of  Mr.  Alfred  Meesom,  architect, 
whose  merits  in  preparing  the  working  drawings  for  the  Contractors  for  the 
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We  may  here  return  our  best  thanks  to  Captain  Fowke,  R.E.,  for 
the  politeness  and  cordiality  with  which  he  placed  the  whole  of  the 
working  drawings,  general  designs,  and  photographs  of  progress  of 
this  great  building  at  our  disposal  for  selection  and  for  the  illustra¬ 
tion  of  this  work ;  by  which  we  have  been  enabled  to  place  for  the 
first  time  before  professional  readers  and  the  public  its  structural 
details  from  authentic  sources. 

Through  the  kindness  of  Captain  Fowke  we  have  also  had  access, 
as  often  as  occasion  required,  to  every  portion  of  the  structure  for 
personal  examination  of  its  details,  and  the  most  candid  and  unre¬ 
served  replies  to  every  inquiry  we  deemed  desirable  personally  to 
make  of  him  in  reference  to  the  work. 

We  trust  we  have  not  abused  in  the  slightest  the  gentlemanly 
confidence  with  which  we  were  treated  by  Captain  Fowke.  We 
have  praised  such  portions  of  his  vast  and  complicated  work — and 
they  are  not  a  few — as  we  could  honestly  commend ;  but  we  have 
commended  with  discrimination,  according  to  our  lights.  Apart 
from  such  discrimination  and  discernment,  from  whatever  cause  or 
motive  absent,  praise  is  valueless ;  and  we  have  formed  much  too 
high  a  personal  estimate  of  Captain  Fowke’s  good  sense  and  real 
ability  as  a  constructive  architect,  from  the  very  brief  opportunities 
we  have  enjoyed  of  making  his  acquaintance,  not  to  feel  that  he 
will  receive  in  good  part  the  mingled  approval  and  disapproval  of 
honest  and  appreciative  criticism,  rather  than 

“  Fulsome  praise  that  lacks  the  lip  of  truth.” 

Captain  Fowke’s  original  designs  for  an  Exhibition  building,  we 
are  informed  by  Captain  Philpotts,  were  prepared  a  considerable  time 

building  have  been  acknowledged  in  handsome  terms  by  Captain  Philpotts, 
R.E.  (in  Captain  Fowke’s  name),  in  his  paper  read  at  the  Society  of  Arts. 
Mr.  Meesom  declined  to  give  up  this  drawing  to  any  one,  or  permit  it  to  be 
traced,  unless  we  acknowledged  his  authorship  of  the  whole  of  the  designs.  We 
expressed  ourselves  unable  to  do  so ;  but  undertook  to  print  any  statement  on 
the  subject  which  Mr.  Meesom  might  desire  and  should  furnish  us  with  in 
writing;  and  we  now,  in  fulfilment,  subjoin  the  letter  received  from  him. 
From  what,  precedes  it  will  be  seen  that,  in  so  far  as  it  speaks  of  drawings 
(plural)  required  by  us  from  him,  it  is  inaceurate  : — 

“  58  Pall  Mall,  11th  April,  1862. 

“  Sir, — The  application  which  has  been  made  to  me  by  Mr.  Johnson  for  my 
drawings  for  the  construction  of  the  Exhibition  Building,  and  which  drawings, 
I  understand,  are  to  be  published  by  you  in  the  Journal  of  which  you  are  the 
Editor,  renders  it  necessary  for  me  to  explain  in  some  detail  my  connection 
with  the  Building,  and  the  circumstances  under  which  the  drawings  were  made. 

“  I  was  first  applied  to  by  the  Commissioners  in  the  beginning  of  April,  1861, 
to  examine  the  general  plan  and  drawings  which  had  been  submitted  by  them 
to  the  Contractors,  and  to  furnish  such  detailed  drawings  and  specifications  as 
were  necessary,  to  enable  the  latter  to  carry  out  the  general  design  of  the 
building  upon  which  the  Commissioners  had  determined. 

“  It  was  soon  found,  however,  that  this  involved  not  only  a  revision  of  the 
drawings  which  had  been  made,  but  new  ones,  for  the  construction  of  the  build¬ 
ing  as  from  the  commencement,  and  which  drawings  are  now  required  by  Mr. 
Johnson  and  yourself.  With  reference  to  these  it  was  at  first  proposed  that 
Captain  Fowke  and  I  should  undertake  different  departments,  he  furnishing 
the  drawings  for  the  general  design,  and  I  those  of  the  details  and  construction. 
But  it  was  found  that  this  plan  involved  both  inconvenience  and  expense ; 
ultimately  both  were  put  under  my  charge,  and  carried  out  by  me.  You  will 
consequently  find  that  the  drawings  bear  my  name ;  and  I  may  add,  that  I 
declined  to  submit  them  to  any  supervision  whatever. 

“  I  have  gone  into  this  explanation  for  the  purpose  of  showing  that  the 
drawings  from  which  the  building  was  actually  constructed  were  mine,  and 
made  by  me  alone,  in  order  that  no  misapprehension  may  exist  as  to  my  posi¬ 
tion  or  right  in  the  publication  of  them ;  and  before  furnishing  them  to  you  for 
that  purpose,  I  must  in  justice  to  myself  have  this  distinctly  recognized  and 
acknowledged. 

“  I  shall,  therefore,  be  glad  to  hear  from  you  in  reply,  and  remain, 

“  Your  obedient  servt., 

“  To  Robt.  Mallet,  Esq.”  “  ALFRED  MEESOM. 

The  reply  given  by  Mr.  John  H.  Johnson,  solicitor,  the  proprietor  of  the 
Practical  Mechanics'  Journal ,  to  whom  we  sent  on  the  letter,  was  simply  to 
the  effect  that  it  should  be  printed.  It  is,  of  course,  out  of  our  province  and 
power  to  enter  into  any  question  as  to  authorship  of  these  drawings. — Ed. 


back,  and  were  ready  for  presentation  when  the  Royal  Commissioners 
were  first  appointed  for  this  Exhibition  of  1862.  These  designs  were 
accepted  by  the  Commissioners,  subject  to  such  modifications  as  should 
be  necessary  as  to  cost.  Their  principal  feature  at  first  consisted  in  a 
great  central  hall,  with  arched  roof  and  rounded  ends,  500  feet  long, 
250  feet  wide,  and  210  feet  high — a  veritable  Hall  of  Eblis — the 
designs  of  which  we  have  seen,  and  which  would  certainly  have  been 
not  only  stupendous  in  size,  but  grand  in  point  of  style  and  decora¬ 
tion  ;  although  we  might  recur  to  what  we  have  said  of  the  domes  here, 
and  ask,  Cui  bono?  However,  this  was  a  single  central  hall,  a  veritable 
centre  point  to  the  whole,  however  Brobdignagian  in  height.  The 
estimates  for  the  original  structure  amounted,  including  this  hall, 
to  £590,000.  The  Commissioners  required  such  modifications  to  be 
made,  as  should  reduce  this  amount  within  the  manageable  limits  of 
their  guarantee  fund;  and  Captain  Fowke  appeals  to  the  fact,  that  he 
has  had  to  preserve  the  main  features  of  his  design  (exclusive  of  the 
great  hall),  and  yet  so  modify  or  leave  incomplete  its  details,  as  to 
bring  the  cost  down  to  little  more  than  one  half  his  original  estimate, 
in  explanation  and  justification  of  many  incongruities  and  sins  against 
form  and  taste,  charged  against  him  now  by  the  public,  but  in  reality 
chargeable  to  the  conditions  of  the  case  as  placed  in  his  hands. 

The  modified  plans  having  been  prepared,  were  submitted  to  the 
competition  of  ten  leading  contractors ;  three  tenders  were  sent  in, 
and  that  furnished  by  Messrs.  Kelk  and  Lucas  being  the  lowest,  was 
accepted.  These  two  most  eminent  firms,  joining  their  resources 
together,  became  partners  for  the  work,  and  have  justified  their  ante¬ 
cedents  by  their  punctuality,  and  the  soundness  of  their  work. 

The  nature  of  the  contract  is  peculiar.  The  whole  responsibility 
for  the  execution  of  the  works  rests  with  the  Contractors,  and  the 
amount  they  are  to  receive  is  contingent  on  the  receipts  of  the  Ex¬ 
hibition.  The  Commissioners  have  the  option  of  purchasing  the 
building  out  and  out,  or  of  merely  paying  for  the  use  of  it.  For  the 
rent  of  the  building  a  sum  of  £200,000  is  guaranteed  absolutely ; 
if  the  receipts  exceed  £400,000,  the  Contractors  are  to  be  paid 
£100,000  more  for  rent,  and  they  are  bound,  if  required,  to  sell  the 
whole  for  a  further  sum  of  £130,000,  thus  making  its  total  cost 
£430,000.  The  date  agreed  upon  for  the  building  to  be  completed 
and  given  up  to  the  Commissioners,  was  the  12th  of  February,  1862. 

Captain  Philpotts  informs  us  that  the  Commissioners  for  1851  are 
the  legal  proprietors  of  the  site  ;  but  to  secure  the  greater  portion  of 
it  for  the  intended  1872  Exhibition,  they  have  agreed  to  reserve 
about  16  acres  of  it  for  that  purpose  on  receiving  £10,000  as  a  sort 
of  ground  rent.  It  is  already  agreed  that  to  the  Society  of  Arts, 
Adelphi,  will  be  granted  the  lease  of  the  central  portion  of  the  picture 
gallery,  one  acre  in  extent  along  the  Cromwell  Road,  for  ninety-nine 
years,  on  condition  that  ground-rent  to  the  amount  of  £240  per 
annum  be  paid  to  the  1851  Commissioners,  it  being  understood  that 
it  will  be  given  up  unreservedly  for  the  use  of  the  1872  Exhibition. 

Unlike  the  1851  Exhibition,  therefore,  the  total  removal  of  which 
was  compulsory,  all  that  foresight  could  suggest  has  been  done  to 
retain  the  present  buildings,  and  there  can  be  no  moral  doubt  that 
if  by  any  possible  means  sufficient  funds  are  available  to  meet  the 
pecuniary  liabilities,  they  will  remain.  What  those  pecuniary  liabi¬ 
lities  may  be,  we  have  as  yet  no  means  of  knowing,  as  no  accounts 
have  been  published  of  the  cost  of  the  building,  nor  are  any  probably 
as  yet  made  up.  From  the  common  experience,  and  we  may  say, 
inevitable  necessities  of  such  undertakings,  we  may  foreshadow  a 
heavy  bill  for  extra  works  on  the  part  of  the  Contractors ;  and  it  seems 
to  have  been  hinted  that  gilding  and  decoration  will  swallow  up 
more  money  than  was  at  first  intended  for  them.  Hence  we  appre¬ 
hend  that  even  the  largest  sum  above  £430,000  may  not  equal  the 
demand  upon  the  Commissioners’  treasury. 

In  these  circumstances,  any  comparison  as  to  total  expense  per 
unit  of  surface  covered,  of  this  building  of  1 862,  with  that  of  the  other 
vast  buildings  that  have  passed  in  review'  under  our  eyes,  would 
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be  practically  useless  and  premature.  For  the  same  reason  we 
cannot  at  present  attach  much  weight  to  the  statement  of  Captain 
Philpotts,  that  no  building  in  the  world  covering  24^  acres  has  been 
erected  at  so  low  a  rate,  or  at  one  enabling  it  to  be  bought  in  at 
£430,000 ;  or  further,  that  its  cost  is  only  at  the  rate  of  2d.  per  cube 
foot;  ordinary  dwelling-houses  costing  Is.  4d.,  and  the  houses  of 
Parliament  having  cost  3s.  per  cube  foot :  and  public  buildings 
generally  about  Is.  9d.  per  cube  foot. 

With  respect  to  area  covered,  Captain  Philpotts  says,  “  The  total 
area  roofed  in  is  988,000  square  feet;  it  is  therefore  considerably 
larger  than  the  1851  Exhibition,  which  only  occupied  799,000 
square  feet.  It  has  also,  when  actual  covered  space  is  alone  con¬ 
sidered,  slightly  the  advantage  of  the  Paris  Exhibition  of  1855,  which 
had  a  covered  area  of  953,000  square  feet.  But  if  we  compare  the 
total  space,  covered  and  uncovered,  occupied  by  each,  that  of  Paris 
is  considerably  larger,  for  the  better  suitability  of  its  climate  for  out 
of  door  display  enabled  the  authorities  of  that  Exhibition  to  increase 
the  area  of  open  ground  given  up  to  exhibiting  space  by  547,000 
square  feet,  while,  with  our  variable  climate,  it  has  not  been  thought 
advisible  to  have  more  than  35,000  feet  of  ground  unroofed ;  so 
that  the  total  areas,  covered  and  uncovered,  occupied  by  the  two 
Exhibitions,  are  1,500,000  square  feet  for  Paris,  and  1,023,000 
square  feet  for  1862.” 

The  French  Exhibition,  therefore,  considerably  exceeded  ours  in 
size,  but  was  not  nearly  so  compact  in  form,  and  its  temporary 
annexes  made  up  a  very  large  portion  of  it,  occupying  600,000  of  the 
953,000  square  feet  of  exhibiting  space,  while  the  two  annexes  of 
1862  do  not  amount  to  more  than  one-third  of  the  total  area.  The 
covered  area  of  the  western  annexe  of  this  year  is  184,000  square 
feet,  or  4^  acres,  and  that  of  the  eastern  annexe  is  96,000  square. 

Although  no  accounts  be  yet  obtained  as  to  the  cost  of  this 
building  of  1862,  we  may  yet  assume  as  pretty  certain  that,  if  it 
is  to  stand,  its  present  cost  will  not  be  less  than  £430,000.  We 
therefore  cannot  agree  with  Captain  Philpotts’  views  as  to  its  sup¬ 
posed  cheapness,  as  compared  with  other  exhibition  buildings;  for 
at  the  above  figure  only,  its  cost  per  superficial  foot  (to  bring  it 
to  the  same  unit  that  we  have  applied  to  the  others)  is  not  less 
than  8s.  9d.,  nearly,  while  Mr.  Downes  gives  the  prime  cost  of  the 
building  of  1851  at  only  5s.  per  square  foot;  to  that  if  we  add  20 
per  cent.  Contractors’  profit,  the  building  of  1851  would  have  stood 
at  6s.  per  square  foot  covered,  against  8s.  9d.  per  foot  in  that  of 
this  year.  We  must  bear  in  mind,  however,  that  wages  have 
increased  since  the  gold  discoveries  within  the  last  ten  years,  and 
also  the  prices  of  some  materials ;  these  might  perhaps  account  for 
the  odd  9d.,  and  if  so,  the  relative  costs  would  stand — 

Iron  and  glass  building,  1851,  .  .  6s.  per  foot. 

Brick,  wood,  and  iron  do.,  1862,  .  8s.  per  foot. 

A  result  quite  in  accordance  with  what  we  should  have  anticipated 
from  the  repetition  of  similar  parts,  &c.,  in  the  one,  and  the  irre¬ 
gularity  of  form  and  complication  of  arrangement  in  the  other. 

The  comparison  of  cost  naturally  suggests  some  comparison  as  to 
structural  stability,  viewed  broadly,  between  the  buildings  that  we 
have  passed  in  review.  Omitting  early  or  other  structures  of  mere 
carpentry,  and  having  no  pretensions  to  permanence,  we  have  had 
before  us  three  principal  buildings,  comprising  as  many  distinct 
classes,  as  to  the  general  idea  of  structure  involved  in  each.  We 
had  the  building  of  1851  purely  of  iron,  timber,  and  glass,  columnar 
only  in  support.  The  building  of  1855  (the  Palais)  of  iron, 
timber  (floors  only),  and  glass,  and  an  envelope  of  stone,  columnar 
and  mural  in  support.  Lastly,  the  building  of  1862  of  iron, 
timber,  largely  used  (constructionally  as  well  as  in  flooring),  glass, 
slate,  and  a  cancellated  surrounding  structure  of  timber,  iron,  and 
brick,  columnar  aud  mural  in  support;  the  brickwork  not  an  enve¬ 
lope  merely,  but  variously  combined  as  an  exterior  with,  and  form¬ 


ing  parts  of  a  combined  interior,  to  which  it  imparts  support  and 
stability  laterally. 

Which  of  these  respective  methods  of  construction  then  presents 
the  best  general  model  in  offering  permanence  and  stability — per¬ 
manence  against  the  tooth  of  time  (of  time,  which  Bacon,  with 
almost  superhuman  prescience,  said,  u  was  as  a  lambent  flame” — 
the  thought  which  modern  chembtry  has  realized  in  11  eremacausis” 
— the  slow  decay  by  which  all  things  human  eventually  disappear) ; 
and  stability  against  all  those  mechanical  forces  from  within  or  from 
without,  by  which  human  constructions  are  overthrown? 

Distinct  things  these,  yet  inseparably  connected  at  many  points, 
for  there  can  be.  no  lack  of  stability  but  there  must  be  a  perhaps 
more  than  corresponding  lack  of  permanence.  Air  and  moisture,  and 
all  the  invisible  army  of  time  the  destroyer,  watch  for  the  joints  of 
the  harness,  if  once  the  armour-bearer  stability  lay  them  open. 

Viewing  them  distinct,  however,  we  are  compelled  at  once  to 
pronounce  the  Building  of  1862  (apart  altogether  from  its  avowedly 
ephemeral  portions)  as  the  most  short-lived  of  the  three.  It  pre¬ 
sents,  without  reference  to  its  eleven  acres  of  felt  roof,  a  greater 
proportion  of  perishable  material  exposed  upon  its  surfaces ;  its 
external  surface  is  larger  in  proportion  to  the  cubic  contents  covered, 
and  the  perishable  surfaces  are  mostly  exposed  in  worse  positions, 
and  with  more  numerous  joints  and  water-receptive  crevices,  than 
either  of  the  others.  Were  we  able  to  enter  into  specialities  here, 
it  would  not  be  difficult  to  point  out,  that  while  at  many  points  this 
want  of  the  elements  of  permanence  may  hereafter  be  remedied  by 
an  increased  outlay — as,  for  example,  the  curved  French  roofs  of 
the  picture  galleries’  towers  in  front,  now  covered  with  slate,  and  we 
doubt  if  even  water-tight  now,  but  assuredly  not  snow-proof,  may 
be  made  secure  and  permanent,  by  covering  them  with  lead  or 
copper — still  in  very  many  other  respects,  and  extending  over  great 
areas  of  the  structure,  the  future  improvement  of  it  into  per¬ 
manence,  would  seem  to  be  tantamount  to  making  so  much  of  it  a 
new  building. 

Let  us,  however,  consider  somewhat  the  comparative  merits  of 
the  three  classes  of  buildings,  taking  stability  and  permanence  in 
connection;  and  first  as  to  that  of  1851.  It  is  probably  now  for¬ 
gotten  (so  fast  do  the  waves  of  time  now-a-days  wash  out  the  past 
tracing  in  the  sands)  that  in  the  discussion  that  followed  the  reading 
of  Mr.  Digby  Wyatt’s  excellent  account  of  that  building,  at  the 
Institution  of  Civil  Engineers,  in  the  year  of  its  erection,  grave 
doubts  were  thrown  upon  its  stability  as  respected  two  different 
forces — expansion  from  within  by  heat,  and  the  pressure  of  wind 
from  without.  The  views  thus  expressed  by  the  several  speakers — 
amongst  whom  was  Professor  Airy,  the  astronomer  royal — were 
received  without  much  favour ;  and  as  the  building  did  not  come 
down  by  the  run  during  the  Exhibition,  served  to  point  a  great 
many  poor  jokes  amongst  a  certain  class,  who  like  to  find  a  scien¬ 
tific  prophet  prophesying  falsely.  The  remarks  of  this  discussion 
are  of  more  than  temporary  interest ;  and  we  should  have  been  glad 
of  space  to  quote  them  as  fully  as  our  purpose  demands.  We,  how¬ 
ever,  can  only  quote  a  few  fragments,  and  refer  to  the  whole  in  the 
Proceedings  of  the  Institution  of  Civil  Engineers  for  1851. 

The  remarks  of  Mr.  Scott  Russell,  Mr.  C.  H.  Wild,  Mr.  Heppel, 
and  others,  are  well  deserving  of  reperusal.  The  latter,  in  conclu¬ 
sion,  says  : — “  They  were  in  this  dilemma— either  that  if,  as  in  Mr. 
Russell’s  supposition,  the  bases  of  the  columns  were  supposed  not 
to  be  rigidly  connected  with  the  ground,  but  to  depend  on  the  rigid¬ 
ity  of  their  union  with  the  superstructure,  then  their  strength  was 
not  so  much  in  excess  of  the  possible  strain  which  might  be  brought 
upon  them  as  was  usually  deemed  necessary  for  perfect  security ; 
or,  on  the  other  hand,  if  a  rigid  connection  at  the  bases  was  sup¬ 
posed,  then  there  would  be  danger  of  fracture,  by  the  motion  induced 
by  the  expansion  and  contraction  of  the  girders.” 

We  regret  we  cannot  give  Professor  Airy’s  remarks  at  length 
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Amongst  these  lie  said  : — “  In  considering  the  general  plan  of  the 
building  in  Hyde  Park,  the  first  thing  which  must  strike  any  one 
who  examined  it  with  reference  to  its  strength  was,  that  the  world 
had  never  seen  such  an  instance  of  a  purely  rectangular  structure. 
He  was  aware  of  the  extent  to  which  this  principle  was  carried  in 
the  Lancashire  mills,  and  in  buildings  of  that  class  generally ;  but 
in  all  those  places,  where  vertical  columns  supporting  rectangular 
combinations  of  beams  were  carried  up  story  after  story,  there  was 
an  ultimate  resource  of  strength  in  the  tying  of  those  beams  into 
the  walls,  and  in  the  connection  of  the  side  walls  with  the  strong 
end  walls.  Those  structures,  therefore,  depended  for  their  strength 
and  stability  on  considerations  entirely  different  from  those  which 
applied  to  the  glass  building  in  Hyde  Park. 

“  In  order  to  estimate  whether  a  structure  of  the  present  kind  was 
competent  to  resist  such  forces  as  might  be  expected  to  come  against 
it,  he  would  first  take  into  consideration  the  force  of  the  wind,  and 
the  grounds  of  his  calculation  were  these : — It  was  well-known  that 
in  this  part  of  the  country  there  might  be  expected,  once  or  twice 
a-year,  gales  which  have  a  singular  uniformity  in  their  maximum 
pressure,  rising  from  about  20  lbs.  to  25  lbs.  on  the  square  foot. 

“  It  might  be  given  as  a  good  practical  rule,  that  a  square  of  build¬ 
ing  sustained  about  a  ton  of  pressure  from  the  wind.  He  would, 
therefore,  take  one  of  the  transverse  frames  of  this  great  building, 
and  consider  how  much  of  horizontal  pressure  it  would  have  to 
bear  from  the  wind,”  and  he  comes  to  the  conclusion  that  there 
would  be  from  wind  occasionally  on  every  one  of  those  hooks  (i.e., 
on  the  upper  or  lower  corners  of  the  trellis  girders,  as  attached 
to  a  column),  “  a  pressure  of  between  5  and  6  tons  ;  and  if  any  one  of 
them  broke  there  would  be  a  corresponding  increased  pressure  on 
all  that  remained.  It  was  a  question  for  practical  men  whether  the 
strength  of  the  hooks  or  snugs  (which  were  of  cast-iron)  was  suffi¬ 
cient  to  resist  such  a  strain;  he  confessed  he  had  doubts  on  the 
point;  he  did  not  think  them  sufficiently  strong;  and  considering 
this  as  the  maiu  support  of  the  building,  he  did  not,  in  his  deliberate 
judgment,  think  the  strength  was  sufficient.” 

He  further  proceeds  : — “  The  calculation,  which  he  had  sub¬ 
mitted  to  the  Institution,  supposed  the  building  to  stand  quietly 
resisting  the  action  of  an  unvarying  pressure.  But  it  was  not  thus 
that  the  greatest  injury  was  commonly  inflicted.  When  the  wind 
blew  in  gusts,  or  even  when  crowds  of  persons  were  moving  about, 
a  building  constructed  with  so  little  regard  to  stiffness  would  be  put 
in  a  state  of  vibration,  and  at  one  of  the  largest  vibrations  some 
hook,  or  snug,  which  had  been  wedged  up  tightly  and  had  borne 
the  principal  pressure,  would  probably  give  way,  and  when  this  had 
happened,  it  might  be  expected  that  in  the  following  gusts  the  hooks 
would  break  seriatim.  He  could  not  entertain  any  belief  that  the 
building  would  endure  for  a  long  time.  To  strengthen  it,  he  would 
suggest  the  addition  of  diagonal  tie-bars  through  every  or  nearly 
every  transverse  frame,  tying  the  tops  of  the  columns  next  the 
middle  avenue,  with  points  of  the  external  columns  near  their  foun¬ 
dations,  and  connected  with  every  column  and  girder  which  they 
passed ;  if  that  plan  was  adopted,  he  thought  considerable  extra 
strength  would  be  given  to  the  building.  It  would  also  be  proper 
to  insert  diagonals  in  the  longitudinal  framing.” 

Professor  Airy  was  followed  by  Mr.  Robertson,  Assoc.  Inst.  C.  E., 
with  some  very  pertinent  remarks,  of  which  we  extract  the  follow¬ 
ing.  He  said  : — “  But  as  he  conceived  one  principal  point  had  not 
been  alluded  to,  he  ventured  to  submit  for  consideration  a  few 
observations. 

“  It  was  a  received  axiom  in  construction  that  proportion  was 
perfect  when  all  the  parts  of  a  structure  yielded  simultaneously  to  a 
force  which  was  sufficient  to  break  one  of  them.  In  the  structure 
under  consideration  this  principle  seemed  to  have  been  followed  in 
the  cast-iron  girders  which  united  the  columns,  so  far  as  their  capa¬ 
bility  of  bearing  weight  was  concerned. 


“  But  when  a  structure  had  to  resist  more  than  one  force,  or  set 
of  forces,  independent  of  one  another,  it  was  evidently  impossible  to 
adjust  the  proportions  in  such  a  manner  as  to  cause  this  condition 
to  obtain  with  respect  to  all.  Hence  it  was  necessary  to  take  the 
weakest  point,  and  the  amount  of  resistance  it  was  capable  of  offer¬ 
ing,  as  a  measure  of  the  stability  of  the  whole. 

“  There  appeared  to  be  no  cause  for  doubt  as  to  the  strength  of  the 
columns  for  supporting  weight,  provided  the  castings  were  sound  ; 
but  as  regarded  transverse  strain,  the  case  seemed  not  to  be  so  clear. 

“  Mr.  Scott  Russell  had  justly  compared  the  square,  formed  by 
four  columns,  to  a  table,  the  legs  of  which  must  be  broken  before  it 
could  be  overturned  ;  but  in  order  to  ascertain  the  exact  value  of 
this  stability,  it  was  necessary  to  calculate  the  transverse  strength 
of  the  columns.  Again,  since  the  stability  depended  entirely  on  the 
girders,  there  being  no  fastening  at  the  bottom  of  the  columns,  and 
the  size  of  the  base  plates  being  insignificant  in  comparison  with 
the  height,  it  was  necessary  to  ascertain  the  power  they  possessed 
of  offering  resistance  to  a  horizontal  force.  Suppose  two  columns, 


A  B  and  C  D,  with  a  girder  between  them,  and  attached  at  the 
points  e  and  C  only.  This  system  would  evidently  have  no  power 
to  resist  a  horizontal  force  applied  at  p.  If  the  girder  was  attached 
at  the  points  A  and  f,  and  a  sufficient  force  was  applied,  it  was 
evident,  that  the  system  must  yield,  either  by  the  giving  way  of  the 
fastening  at  those  points  of  the  girder  itself,  at  the  points  of  G  and  H, 
or  by  the  breaking  across  of  the  columns,  at  the  necks  E  and  F. 

“  The  flanges  of  the  girders  not  having  so  great  a  sectional  area 
as  the  snugs,  these  snugs  would  not  be  the  first  to  yield,  if  the  metal 
was  sound.  Here  it  is  necessary  to  inquire,  whether  there  was  not 
some  risk  of  the  keys,  which  were  the  only  fastening,  working  loose, 
when  vibration  was  communicated  to  the  building,  or  whether  means 
had  been  adopted  to  prevent  this. 

“  The  area  of  the  section  of  the  girder  at  G  was  stated  to  be  3-9 
square  inches  ;  at  H  it  was  4'89  square  inches  ;  G  would  therefore 
be  the  first  to  yield.  Moreover  this  strain  was  tensile,  therefore 
the  force  necessary  to  break  the  flange,  would  be  about  28  tons, 
and  the  pressure  to  be  applied  at  the  foot  of  the  column  would  be 

3  X  28 

— — —  =  4  tons. 
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“  Experiments  made  by  Mr.  John  Hosking  were  given  by  Mr. 
Edwin  Clark  in  his  account  of  the  Britannia,  from  which  it  appeared 
that  a  cast-iron  tube,  4  inches  in  diameter,  3-8ths  thick,  and  6  feet 
between  the  supports,  on  an  average  of  three  experiments,  broke 
with  2 '287  tons  in  the  centre  ;  had  it  been  supported  at  one  end,  and 

2-287 

weighted  at  the  other,  it  would  have  broken  with  -  =  ‘57  ton ; 

4 


and  as  similar  hollow  cylinders  of  the  same  length  have  a  transverse 

23  X  6  X  -57 


strength,  varying  on  the  cube  as  the  diameter 
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=  1T6 


ton,  the  breaking  weight  of  the  column. 
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“  From  this  it  followed  that  the  force  applied  at  the  foot  of  a 
hollow  column  21  feet  long,  8  inches  in  diameter,  and  %  of  an  inch 
thick,  was  1T6  ton,  and  this  was  the  reaction  of  an  equal  force, 
applied  at  the  level  of  the  girder;  the  neck  of  the  column  was 
therefore  the  weakest  part.  The  horizontal  force,  therefore, 
necessary  to  break  down  a  couple  of  columns  was  2'32  tons,  and 
if  distributed  over  the  length,  as  in  the  case  of  wind,  the  force 
would  be  464  tons. 

“  Taking  the  area  exposed,  which  was  supported  by  one  couple,  at 
24  feet  by  20  feet,  equal  to  480  square  feet,  it  would  be  necessary  to 
have  a  pressure  of  only  21^  lbs.  per  square  foot  to  produce  the 
breaking  strain. 

“  Danger,  therefore,  might  not  perhaps  be  apprehended  from  sim¬ 
ple  pressure :  but  when  these  pressures  were  accompanied  by 
motion,  and  that  of  an  intermittent  kind,  there  might  be  some  risk 
of  a  strain  being  produced  by  accumulation,  far  greater  in  amount, 
and,  being  sometimes  backwards  and  sometimes  forwards,  far  more 
destructive  in  its  effects  than  simple  pressure. 

“  From  these  considerations  Mr.  Robertson  submitted,  that  sup¬ 
posing  the  strength  to  be  sufficient  to  carry  weight  and  to  resist 
pressure,  it  was  absolutely  necessary  that  all  the  parts  should  be 
rigidly  united,  to  prevent  the  building  from  becoming  ricketty. 

“If,  however,  the  parts  were  so  united,  then  no  provision  appeared 
to  be  made  for  expansion  ;  at  least  none  was  evident,  either  in  the 
drawings  or  from  the  description.  In  short  lengths,  or  when  the 
variation  of  temperature  was  not  great,  the  elasticity  of  the  metal 
might  be  sufficient  to  take  up  the  expansion  ;  but  in  such  lengths  as 
existed  in  the  Great  Exhibition  Building,  the  amount  of  expansion 
must  be  very  considerable.  It  was  admitted,  that  there  might  be  a 
thickness  of  two  feet  of  snow  on  the  roof:  this  indicated  a  low  tem¬ 
perature  ;  it  was,  therefore,  not  an  extravagant  estimate  to  take  75° 
as  the  variation  between  summer  and  winter.  According  to  the 
experiments  of  Professor  Daniel,  the  elongation  of  a  bar  of  cast-iron 
due  to  75°  was  -000446.  The  length  of  each  division  of  the  build¬ 
ing  was  about  850- feet,  and  its  expansion  due  to  this  variation 
woud  be  4£  inches.  If  the  two  ends  were  precisely  alike,  the 
expansion  would  of  course  commence  in  the  centre,  and  the  deflec¬ 
tion  of  the  last  column  from  the  perpendicular  would  be  2|  inches; 
but  as  there  was  an  additional  resistance  produced  by  the  circular 
roof  at  one  end,  this  division  could  not  be  exactly  equal.  The 
vertical  direction  and  parallelism  of  the  upper  part  of  the  columns 
would  be  preserved,  and  the  whole  deflection  be  thrown  upon  the 
lowest  length  of  columns. 

“  The  sum  of  the  sections  of  the  top  and  bottom  flanges  of  each 
girder,  at  the  thinnest  part,  was  8’8  square  inches  and  8'8  X  3 
=  26-4  square  inches  for  the  three  tiers.  According  to  the  experi¬ 
ments  of  Mr.  Ilodgkinson,  given  in  Mr.  Clark’s  work  on  the 
Britannia  Bridge,  the  compressibility  of  cast-iron  was  about  double 
that  of  wrought-iron,  and  therefore  one  ton  per  square  inch  would 
compress  it  through  l-5000th  of  its  length.  As  the  above  expansion 
was  nearly  l-2000:h,  the  pressure  exerted  must  be  nearly  2j  tons  per 
square  inch,  and  that  would  give,  for  the  total  pressure  produced  by 
the  expansion  of  the  girders  on  one  line  of  columns,  the  enormous 
pressure  of  66  tons  ;  and  supposing  action  and  reaction  to  be  equal, 
this  pressure  would  be  exerted  upon  seventeen  columns.” 

In  summing  up,  Mr.  Digby  Wyatt,  the  author  of  the  paper, 
stated — “That  the  anticipated  amount  of  expansion  and  contraction 
was  provided  for  in  the  longitudinal  direction  of  the  building,  by 
using  wooden  keys  for  fastening  the  girders  into  the  snugs,  whilst 
transversely,  where  great  rigidity  was  essential  for  resisting  pressure 
against  the  extended  surface,  and  no  injurious  effect  of  expansion  or 
contraction  was  anticipated,  iron  keys,  driven  quite  home,  were  in¬ 
variably  employed.” 

This  important  discussion,  which,  although  perhaps  not  in  a  very 
exact  or  secundum  artem  style,  still  grapples  with  the  really  im¬ 


portant  points  of  weakness  and  objection  in  purely  columnar  glass 
and  iron  buildings,  certainly  had  this  result— that  large  additions 
were  made  to  the  numbers  and  strength  of  the  diagonal  stay  bars 
previously  introduced,  and  to  which  beyond  question  the  building 
owes  its  entire  safety ;  and  that  the  Commissioners  were  put 
thoroughly  on  the  qui  vive  as  to  the  necessity  of  applying  effectual 
tests  of  the  flooring,  &c.  The  latter  proved,  as  might  be  expected, 
ample.  The  buildings  did  not  topple  over  the  heads  of  its  builders, 
and  the  Cassandras  and  doubters  were  laughed  at. 

We  ourselves,  however,  had  an  opportunity,  during  the  early 
afternoon  of  one  of  the  hottest  days  of  the  summer  of  1851,  of 
examining  with  some  accuracy  the  effects  of  expansion  by  solar  heat 
upon  the  frame  of  the  building ;  and  we  can  testify  to  this  as  a  fact, 
that  at  the  extreme  western  end,  and  at  the  fronts  of  the  nave  gal¬ 
leries,  where  they  had  been  here  the  longest  and  the  most  heated, 
the  columns  were  actually  about  two  inches  out  of  plumb  in  the 
first  range  in  height  only.  Unaided  by  instruments,  we  could  not 
perceive  that  any  change  in  the  pluinbness  of  the  coupled  columns 
at  the  corners  of  the  intersection  of  the  nave  and  transept  had  taken 
place.  Their  rigidity,  and  probably  other  causes,  appeared  to  have 
resisted  the  whole  thrust,  and  visited  it  upon  the  extreme  outer  ends 
of  the  frame  of  the  building. 

As  we  gazed  up  at  these  west-end  galleries  densely  crowded  with 
people,  and  over  the  ample  spread  of  the  nave  equally  thronged,  and 
thought  of  the  prodigious  cross-strains  that  were  at  that  moment  in 
unseen  play  in  the  brittle  stilting  of  the  cast-iron  fabric,  we  certainly 
felt  that  “ignorance  was  bliss.”  From  this  expansion  producing 
distortion  being  confined  in  great  part  to  the  lower  range  of  columns 
it  had  less  serious  effect  in  producing  leakage  in  the  roofing.  The 
mere  fact,  that  by  expansion  some  of  the  columns  were  sent  out  of 
plumb,  is  an  effectual  reply  to  the  asserted  sufficiency,  in  allowing 
for  it,  of  the  wood  keys  and  wedges.  This  same  expedient  of 
wood  keys  has  been  followed  in  the  columnar  and  girder  portions 
of  this  building  of  1862,  and  must  there  prove  equally  valueless. 
Either  wood  keys  are  so  hard  and  forcibly  driven  as  to  act  as  keys, 
and  in  that  case  they  will  not  compress  further,  but  are  rigid 
enough  to  propagate  the  pressure  of  expansion  on  from  bay  to  bay  ; 
or  they  are  of  soft  wood,  and  not  driven  in  tight ;  and  in  that  case 
are  useless  as  keys,  conferring  no  structural  security. 

Accordingly,  in  the  Palais  de  lTndustrie  of  1855,  M.  Barrault  tells 
us  that  they  were  useless,  and  that  under  the  bright  sun  of  Paris 
the  expansion  of  his  building  was  sufficient  to  break  glass  and  pro¬ 
duce  leakage  ;  although  structurally  his  building  was  incomparably 
better  designed  to  break  up  into  short  lengths  the  expandable  iron 
frame,  everywhere  but  along  the  length  of  the  three  great  parallel 
roofs.  In  the  glass  roofs,  and  probably  in  some  of  the  most  sun- 
exposed  galleries,  like  strains  in  proportion  to  total  unbroken  length 
of  iron  expanded  will  occur ;  but  over  a  very  considerable  portion 
of  the  whole  area  the  extreme  of  heat  will  be  mitigated  by  opaque 
roofing,  or  by  shadows  from  higher  objects,  and  so  the  total  effect 
of  expansion  in  such  places  be  less,  than  in  the  building  of  1851. 
Such,  however,  is  the  great  vice  of  the  pure  iron  and  glass  columnar 
structure,  in  great  unbroken  lengths.  Such  distortions  are  a  source 
of  danger  never  to  be  neglected,  because  their  precise  values 
and  conditions,  in  such  complex  combinations  of  framing,  can 
never  be  exactly  determined.  To  meet  the  evil  there  is  but  one 
method — that  pointed  out  and  recommended  by  M.  Barrault — 
namely,  to  subdivide  all  right-lined  continuations  in  iron,  cutting 
them  up  into  separate  short  lengths,  without  abutting  faces,  though 
still  connected  by  such  ingenious  arrangements  as  shall  preserve 
at  those  points,  staunchness  or  the  other  conditions  required  of  the 
structure. 

So  far  from  this  being  attended  to  in  this  building  of  1862,  the 
evil  has  been  structurally  magnified  beyond  anything  either  of  that 
of  1851  or  of  1855.  Taking  a  line  east  and  west  through  the  struc- 
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tnre  for  example,  passing  in  a  vertical  plane  through  the  centre  of 
the  intersecting  or  groined  ribs  of  the  domes,  and  on  the  south  side 
of  these,  there  will  be  found  one  unbroken  rigid  line  extending  from 
the  inside  wall  of  one  wing  building  (brick)  to  that  of  the  other,  or 
actually  1070  feet  in  length  ;  iron  girders  the  whole  way,  or  for  170 
feet  of  the  length,  the  (we  presume)  equally  rigid,  groined  iron  ribs  of 
the  domes.  That  more  or  less  distortion  and  probable  leakage,  from 
the  play  along  these  lines  of  the  irresistible  forces  of  expansion,  will 
become  apparent  during  the  summer  (if  of  average  temperature),  we 
entertain  little  doubt.  Still,  from  the  reasons  we  have  just  before 
given,  and  from  the  fact  that  so  large  a  portion  of  this  building  is 
hemmed  in  and  around  by  brick  and  timber  heavy  cancellated  build¬ 
ings,  its  effects  will  be  to  a  great  extent  free  from  the  danger  that 
undoubtedly  was  present  in  the  building  of  1851.  What  will  be  the 
effect  upon  the  glazing  of  the  domes,  of  their  expansion,  remains  yet 
to  be  seen.  The  longest  iron  purlin  cannot  be  very  far  short  of  50 
feet,  and  therefore  may  become  nearly  half  an  inch  longer  in  the 
range  of  heat  of  our  climate.  The  ring  or  base  on  which  the  dome 
ribs  sit,  however,  is  to  a  great  extent  of  timber,  and  must  get  shorter 
on  each  side  of  the  polygon  as  the  timbqr  gets  drier  and  more 
seasoned ;  the  position  of  the  bases  of  the  ribs,  therefore,  will  not 
permit  the  purlins  to  expand  except  bj'  the  latter  becoming  bowed. 
Will  they  bow  in  or  out,  or  on  the  side?  and  what  will  be  the  effects 
upon  the  glass?  or  will  all  the  movement,  more  or  less  repeated 
every  twenty-four  hours,  in  contrary  senses,  be  met  by  the  putty  ? 
We  are  not  quite  assured  either,  that,  as  at  present  constructed,  the 
expansion  of  the  dome  ribs  themselves,  may  not  cause  some  very 
noticeable  distortion  (as  respects  the  glazing)  near  the  summits  of 
the  dome. 

And  now  to  recur  to  the  discussion,  at  the  Civil  Engineer’s 
Institution,  in  its  other  bearing — the  effect  of  wind  upon  the  build¬ 
ing  of  1851.  Was  the  Astronomer  Royal  quite  wrong?  It  fortu¬ 
nately  so  happened  that  during  the  whole  period  that  the  building 
stood  at  its  original  site,  London  was  not  visited  with  a  single  really 
severe  gale  of  wind.  The  building  was  taken  down,  and  has  been  re¬ 
erected  at  Sydenham  in  a  manner  greatly  to  increase  its  stability,  as 
regards  the  greater  part  of  the  structure  at  least;  and  from  1851  to 
the  present  day  Loudon  has  never  been  visited  by  one  of  those 
“  first-class”  tornadoes  that  about  twice  in  a  century  sweep  over 
even  our  temperate  regions.  Yet,  nevertheless,  a  very  large  wing 
of  the  Crystal  Palace  has  been  actually  blown  down  in  the  interval 
• — that  portion  of  the  whole,  that  probably  more  accurately  repre¬ 
sented  the  structure  of  the  building  as  it  stood  in  1851,  than  any 
other  part  of  it  now  does.  More  than  enough  was  destroyed 
to  prove  that  Professor  Airy  was  not  so  widely  wrong  after  all, 
and  to  show  once  more  to  the  instruction  of  a  certain  class  not 
yet  quite  extinct,  and  who  delight  in  calling  themselves  “  practical 
men,”  that  the  mathematician  after  all  is  not  a  bad  pilot  of  a  dark 
night.  We  will  conclude  here  by  a  prediction  upon  our  own  part — 
should  London  ever  be  visited  with  such  a  cyclone  as  that  which 
swept  over  a  large  portion  of  these  islands  in  1839 — -which  Heaven 
forefend ! — and  that  the  storm  strike,  with  the  power  it  then  had, 
broadside  on  upon  the  building  at  Sydenham,  strengthened  though 
it  is,  its  towering  beauty  and  precious  contents  will  but  too  probably 
be  left,  one  commingled  mass  of  ruin  and  rubbish. 

We  come  to  the  conclusion  then,  that  the  unbroken  columnar  and 
girder  structure  is  neither  safe  nor  durable. 

But  as  homogeneity  of  material  and  symmetricality  of  form  and 
of  disposition  of  parts  are  in  any  structure  essentials  of  durability, 
and  indeed  to  a  great  extent  of  solidity,  so  we  must  conclude  that  a 
building  upon  a  vast  scale,  made  up  of  parts  all  large  in  themselves 
— some  of  timber — some  of  timber  and  brick — some  of  timber,  iron, 
and  brick — and  some  of  iron  and  glass  mainly  or  alone — must  in 
those  incongruous  elements  be  the  worst  possible  in  these  respects. 

We  then  come  finally  to  this  result  that  a  homogeneous  symmet¬ 


rica]  structure,  wholly  or  very  mainly  of  iron  and  glass,  with  met¬ 
allic  covering  for  its  opaque  roof;  constructed  in  similar  symmetric 
segments  into  which  the  whole  shall  be  divided,  and  of  which  as  a 
whole  it  shall  be  made  up;  each  competent  to  stand  alone  and 
support  itself  against  all  external  forces ;  the  construction,  in  a 
word,  recommended  by  Barrault — is  the  best,  and  will  in  the  end  be 
the  cheapest  of  all  buildings,  for  covering  the  vast  areas  demanded 
by  industrial  and  art  exhibitions. 

We  add  to  this,  that  external  walls  should  be  provided  of  brick 
or  stone,  in  preference  to  those  of  any  other  material.  But  here 
we  depart  from  the  conclusions  of  M.  Barrault ;  we  should  much 
prefer  to  the  mere  envelope  of  masonry  such  as  is  that  of  his 
building  of  1855,  in  which,  as  literally  proved,  the  stone  envelope  is 
held  up  by  the  iron  framed  fabric  within  it,  and  was  unable  to  stand 
without  it,  that  the  external  shell  should  consist,  as  to  some  extent 
in  this  Kensington  building  of  1862,  of  a  cancellated  and  stable  cinc¬ 
ture  of  surrounding  buildings  of  brick  or  stone,  and  that  within  these 
the  great  glass  and  iron  compound  structure,  made  up  of  separate 
and  independent  similar  elements  each  able  to  support  itself,  should 
stand  in  juxtaposition  with  the  buildings  around,  and  each  element 
of  the  enclosed  iron  fabric  also  in  juxtaposition  with  the  others 
beside  it,  yet  all  free  independently  to  expand  and  contract,  and  none 
touching  each  other  except  through  means  that  shall  leave  them 
free  as  to  the  preceding,  and  yet  be  water-tight.  The  surrounding 
chambered  girdle  of  buildings  answering  for  galleries,  offices,  and  so 
forth,  would  thus  be  not  only  a  screen,  from  lateral  force  of  wind  to 
the  interior  structure,  but  “a  shadow  from  the  heat” — a  hollow 
coating  to  preserve  a  mean  temperature  to  the  central  portion  within 
it.  Thus  constructed,  we  should  have  in  one  of  the  vast  Exhibition 
piles,  a  building  of  which  it  might  be  said — as  far  as  such  can  be 
said  truly  of  any  earthly  structure — 

Quod  non  imber  edax,  non  Aquilo  impotens, 

Possit  diruere,  aut  innumerabilis 

Aunoruin  series  et  fuga  temporum. 

One  word  further  as  to  roofs,  and  including  those  of  annexes,  for 
if  permanent  buildings  be  cheapest  in  the  end,  they  must  be  so  for 
annexes  as  well  as  for  main  buildings,  so  that  these  costly  epheme¬ 
ral  appendices  should  disappear  in  toto.  The  suggestion  thrown  out 
by  M.  Barrault  is,  we  are  satisfied,  fidl  of  practical  good  sense,  that 
some  modification  off  the  weaving  shed  roofing  of  Yorkshire  and 
Lancashire  is  the  right  thing  for  all  exhibition  purposes.  Opaque 
and  sun  proof  upon  the  sloping  side  of  each  ridge,  and  all  glass 
upon  the  nearly  vertical  one,  such  roofing  admits  of  simpler  con¬ 
struction,  fewer  points  of  support,  absolute  staunchness,  better,  and 
better  tempered  light,  and  more  complete  ventilation,  than  any 
other  that  we  are  cognizant  of.  Materials  of  the  utmost  durability 
may  be  employed  in  such  roofing,  and  in  the  very  cheapest  and 
simplest  combinations. 

Lastly,  as  to  ornamentation,  cast-iron  and  good  taste  go  but 
difficultly  together.  The  iron  says,  trumpet-tongued — I  am  for  use ; 
see  what  I  do,  and  how  I  do  it ;  observe  my  suitability.  Attempt 
to  obscure  this,  by  laying  on  ornament  that  with  equal  voice  says 
— I  am  for  no  use;  I  am  here  that  you  may  admire  me;  I  am 
ornament ;  and  we  turn  away  as  disgusted  as  with  woman’s  beauty 
that  makes  the  like  appeal  when,  become  an  ornamental  toy,  she 
has  ignored  the  suitability  of  duty.  Avoid,  therefore,  the  odious 
(so  called)  ornamentation  of  the  New  York  iron  structure:  keep  to 
simple  lines,  mostly  right  lines,  and  mainly  in  the  directions  that 
instinct  or  “tact”  tells  the  most  ignorant  are  those  of  the  forces 
resisted.  This  was  pre-eminently  the  case  in  the  building  of  1851; 
and  we  have  not  seen  anything  yet  in  its  impression  upon  cultivated 
taste  better  than  it,  or  even  so  good. 

Our  task  is  done  so  far  as  the  buildings,  the  caskets  of  these 
Exhibitions,  are  concerned.  In  fulfilment  of  our  programme,  it 
remains  for  us  to  say  something  as  to  principles  of  classification  and 
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arrangement  adopted  in  past  Exhibitions,  and  give  a  resume  of  that 
employed  in  the  one  now  about  to  be  inaugurated. 

The  homely  maxim,  “  A  place  for  everything,  and  everything  in 
its  place,”  applies  more  imperatively  to  these  prodigious  gatherings 
of  the  world’s  wealth,  than  to  even  the  household  hearth.  Classifica¬ 
tion  and  arrangement  do  not  necessarily  mean  method,  however,  in 
its  higher  and  philosophic  sense,  but  only  the  means  to  method;  as 
the  arrangement  of  the  words  in  a  dictionary  is  not  the  method  of 
language,  but  only  the  means  to  its  acquirement.  A  methodic  or 
strictly  scientific  classification,  as  the  rule  by  which  arrangement 
must  proceed,  should  be  based  upon  a  perfect  method  or  divarica¬ 
tion  of  human  knowledge,  such  as  has  been  attempted  by  various 
writers,  and  perhaps  by  none  better  than  by  Dr.  Thomas  Young,  in 
his  Lectures  on  Natural  philosophy,  as  the  introduction  to  his  great 
classed  catalogue  of  written  works  of  science,  &c.  Such  a  classifi¬ 
cation  would  be  perfect,  and  easily  accomplished;  but  when  we 
should  attempt  to  make  it  concrete  in  the  actual  arrangement  of  an 
Industrial  Exhibition,  it  would  be  found  unmanageable,  and  mainly 
for  this  reason,  that  locus — place — in  the  Exhibition,  has  to  stand 
for  or  designate  two  altogether  distinct  and  independent  things — 
namely,  the  class  to  which  the  object  belongs,  and  the  place  geo¬ 
graphically  from  whence  it  came. 

In  fact  our  classification  must  be  of  the  nature  of  an  index,  and 
enable  us  to  find  an  object,  or  a  class  of  objects  in  the  collection ; 
and  yet  it  must  be  of  a  nature  that  nationalities  and  topographical 
divisions  shall  act  and  be  independent  of  each  other.  This  arises, 
however,  mainly  from  the  break-neck  hurry  with  which  these 
gatherings  are  collected  at  the  last,  and  the  difficulty  of  providing 
beforehand  for  allotment  in  classes,  spaces  proportioned  to  the 
unforeknown  wants  of  foreign  exhibiters.  Could  these  all  be 
accurately  guaged  beforehand,  by  taking  due  “  time  by  the  forelock,” 
it  would  be  very  much  more  conducive  to  accurate  comparison, 
between  industries  separated  by  nationalities,  &c.,  if  their  similar 
products  were  all  exhibited  side  by  side,  according  to  their  respective 
places  in  a  methodic  classification.  Thus,  if  in  place  of  letting 
English  paper  hangings  be  exhibited  at  one  side  (the  English  side) 
of  the  building,  French  ones  at  the  other,  amongst  French  products 
and  German  ones  scattered  through  the  Zollverein,  Austria,  Alsace, 
Mecklenburg,  &c.,  we  could  see  at  one  view  labelled  or  marshalled 
under  their  respective  birthplaces,  all  these  decorations  in  one 
continuous  range,  and  collected  into  one  place ;  we  should  much 
more  truly  and  forcibly  judge  of  their  respective  merits  and  differ¬ 
ences.  We  should  at  a  glance  then  recognize,  for  their  intrinsic 
ugliness  and  want  of  taste,  many  of  our  British  room-papers  when 
seen  beside  those  of  France  and  Germany,  that,  seen  alone,  will 
pass  muster,  as  passing  good.  Space,  however,  wholly  fails  us 
here,  we  find,  to  discuss  with  any  adequacy  this  large  and  highly 
important  subject  of  classification  and  arrangement.  We  hope  to 
return  to  it  in  our  concluding  essays. 

The  arrangements  adopted  in  the  earliest  French  Expositions 
seem  to  have  been  little  more  than  fixation,  to  the  best  advantage 
for  appearance.  When  we  come  down  even  to  1819,  or  later,  the 
classification  is  comprehensive,  embracing  thirty-nine  classes,  but 
bad,  and  the  arrangement  appears  very  defective. 

The  following  were  the  classes  of  1819: — 1.  Wool;  2.  Downy 
fabrics  of  Cashmere  ;  3.  Silk;  4.  Stuffs  of  horse  hair;  5.  Hemp  and 
flax;  6.  Cotton;  7.  Lace  and  embroidery  ;  8.  Bonnets  and  caps ;  9. 
Hats;  10.  Dyeing  and  bleaching  ;  11.  Printed  stuffs;  12.  Leather; 
13.  Paper;  14.  Paper  and  other  hangings;  15.  Metallurgic  arts  ;  16 
Manufacture  of  hand  tools;  17.  Arms;  18.  Hardware;  19.  Gold 
and  silver  plate;  20.  Jewellery;  21.  Varnish  on  metals— “ moire 
metallique,”  &c. ;  22.  Agricultural  implements ;  23.  Manufacturing 
and  other  machines ;  24.  Hydraulic  machines ;  25.  Clockwork;  26. 
Mathematical,  physical,  and  optical  instruments ;  27.  Musical  instru¬ 
ments;  28.  Apparatus  of  domestic  economy;  29.  Chemical  arts  and 


products;  30.  Alimentary  products  ;  31 .  Pottery  and  porcelain  ;  32. 
Glass  and  cut  glass,  &c. ;  33.  Cabinet  work,  &c.  ;  34.  Architectural 
decorations  ;  35.  Typography,  lithography,  &c.  ;  36.  School  of  arts 
and  manufactures;  37.  Products  of  the  royal  manufactures;  38. 
Products  of  charitable  institutions  ;  39.  Products  of  gaols,  &c. 

Here  there  is  division,  but  no  method ;  and  we  might  trace  the  same 
sort  of  thing,  more  or  less,  down  even  to  1844  and  1849,  where  we 
find  along  continuous  stalls  and  tables,  in  the  buildings  of  which  we 
have  given  ground  plans,  such  incongruous  materials  as  weighing 
machines,  bass  viols,  basins,  cambrics,  cradles,  bitumen,  blond,  half¬ 
boots,  wax  candles,  breadstuff's,  embroidery,  bronzes,  brushes,  &c. 
There  would  be,  therefore,  no  great  object  gained  (even  had  we  the 
space)  in  tracing  the  history  of  the  earlier  classifications.  We  may 
at  once  come  to  the  classification  and  arrangement  of  1851. 

Of  the  origin  and  principles  upon  which  this  was  decided,  the 
introduction  to  the  great  Official  catalogue  gives  the  following 
account,  but  greatly  condensed. 

In  order  to  settle  the  arrangement  of  articles  in  the  building,  it 
became  necessary  to  prepare  a  precise  system  of  classification.  Any 
system  based  upon  an  abstract  philosophical  theory  was  unsuitable. 
It  was  desirable  that  the  classification  should  be  made  conducive  to 
finding  out  objects  in  the  vast  collection  by  the  general  visitor.  Dr. 
Lyon  Playfair  suggested,  that  whilst  preserving  the  original  quad- 
rupartite  divisions  of  the  Exhibition,  into  raw  produce  and  materials, 
machinery,  manufactures,  and  fine  arts,  those  subdivisions  which  had 
been  determined  by  commercial  experience  should  be  adopted  as  far 
as  practicable  for  the  basis  of  the  classification.  Men  of  science  and 
manufacturers  were  invited  to  assist  in  determining  each  the  boun¬ 
daries  of  his  Own  special  class  ;  and  it  was  resolved  to  adopt  thirty 
broad  divisions,  and  to  apply  this  classification  to  all  articles,  British 
and  Foreign,  bearing  in  mind,  however,  that  the  productions  of  an 
exhibiter  should  not  be  separated,  except  in  extreme  cases. 

SECTION  i. 

Raw  materials  and  produce,  the  natural  productions  on  which 
human  industry  is  employed: — 1.  Mining  and  quarrying ;  metallurgy 
and  mineral  products ;  2.  Chemical  and  pharmaceutical  processes 
and  products  generally;  3.  Substances  used  as  food;  4.  Vegetable 
and  animal  substances  used  in  manufactures,  implements,  or  for 
ornament. 

SECTION  II. 

Machinery  for  agricultural  manufacturing,  engineering,  and  other 
purposes,  and  mechanical  inventions — the  agents  which  human 
ingenuity  brings  to  bear  upon  the  products  of  nature. — 5.  Machines 
for  direct  use,  including  carriages,  railway  and  naval  mechanism  ; 
6.  Manufacturing  machines  and  tools  ;  7.  Mechanical,  civil  engineer¬ 
ing,  architectural,  and  building  contrivances  ;  8.  Naval,  architecture, 
military  engineering  and  structure,  ordnance,  armour,  and  accoutre¬ 
ments  ;  9.  Agricultural  and  horticultural  machines  and  implements 
(exceptional) ;  10.  Philosophical  instruments  and  miscellaneous 
contrivances,  including  processes  depending  upon  their  use  ;  musical, 
horological,  acoustical,  and  surgical  instruments. 

SECTION  III. 

Manufactures,  the  result  produced,  by  the  operation  of  human 
industry  upon  natural  produce.  Designs  for  manufactures,  are 
classed  under  the  same  section  with  the  articles  for  which  they  are 
proposed. — 11.  Cotton;  12.  Woollen  and  worsted;  13.  Silk  and 
velvet;  14.  Manufactures  from  flax  and  hemp  ;  15.  Mixed  fabrics, 
including  shawls  ;  16.  Leather,  including  saddlery  and  harness,  skins, 
fur,  and  hair;  17.  Paper,  printing,  and  bookbinding;  18.  Woven, 
spun,  felted  and  laid  fabrics,  when  shown  for  printing  and  dyeing  ; 
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19.  Tapestry,  including  carpets  and  floor-cloths,  lace  and  em¬ 
broidery,  fancy  and  industrial  works ;  20.  Articles  of  clothing  for 
immediate,  personal,  or  domestic  use;  21.  Cutlery,  edge-tools,  hand- 
tools,  and  surgical  instruments;  22.  General  hardware;  23.  Works 
in  precious  metals,  jewellery,  and  all  articles  of  luxury  not  included 
in  the  other  classes;  24.  Glass;  25.  Ceramic  manufacture,  China, 
porcelain,  earthenware,  &c.;  26.  Decoration,  furniture  and  uphol¬ 
stery,  paperhangings,  papier  mache  and  japanned  goods;  27. 
Manufactures  in  mineral  substances  used  for  building  or  decora¬ 
tions,  as  in  marble,  slate,  porphyries,  cements,  artificial  stones,  &c. ; 
28.  Manufactures  from  animal  and  vegetable  substances,  not  being 
woven,  felted,  or  laid ;  29.  Miscellaneous  manufactures  and  small 
wares. 

SECTION  IV. 

30.  Fine  arts,  sculpture,  models,  and  the  plastic  arts  generally, 
mosaics,  enamels,  &c.  —  the  taste  and  skill  displayed  in  human 
industry. 

It  had  been  originally  contemplated,  that  the  arrangement  should 
he  not  merely  on  the  basis  of  the  four  sections,  but  that  all  articles 
of  the  same  class  should  be  placed  in  juxtaposition,  without  reference 
to  its  nationality  or  local  origin.  To  effect  this,  it  would  have  been 
necessary  to  know  beforehand  the  approximate  amount  of  space 
each  would  be  likely  to  occupy,  so  that  each  on  its  arrival  might 
occupy  its  proper  place.  This  information  proved  unattainable. 
Practically  it  was  not  known  what  many  important  countries  would 
send,  until  they  actually  arrived.  No  choice  remained  but  to  adopt 
a  geographical  arrangement,  and  finally  induced  the  division  of  the 
ground  floor  of  the  building  into  two  parts — the  one  being  awarded 
to  Foreign  countries,  and  the  other  to  the  British  colonies  and  the 
United  Kingdom. 

The  United  Kingdom  and  Colonies  were  grouped  westward  of 
the  central  transept.  Foreign  countries  were  together  eastward  of 
the  same,  except  machinery  in  motion,  which  was  placed  at  the 
north-west  end  of  the  building.  The  productions  of  each  country 
were  classified  by  nation,  and  each,  as  far  as  practicable,  into  the 
thirty  classes  already  mentioned.  The  positions  of  countries  were 
determined  in  the  building  by  their  respective  latitudes.  In  general, 
machinery  was  placed  at  the  north,  and  raw  materials  and  produce,  at 
the  south  side,  of  the  building.  The  intermediate  parts  were  occu¬ 
pied  by  manufactures  and  art  manufactures.  Space  was  allotted 
on  the  following  data: — On  the  ground  floor  each  area  of  24  feet 
square,  containing  576  feet  superficial,  was  accounted  as  yielding 
exhibiting  area  of  384  square  feet,  192  feet  being  allowed  for 
passages.  The  width  of  these  was  determined  by  experiment,  and 
by  the  experience  of  those  in  the  British  Museum,  in  the  Soho 
Bazaar,  &c. 

The  French  Exposition  of  1855  showed  in  its  grand  catalogue,  a 
marked  improvement  in  classification  upon  its  predecessors.  It  was 
arranged  into  two  grand  divisions. — I.  Products  of  industry ;  II. 
Objects  of  art ;  and  these  were  formed  into  eight  groups  and  thirty- 
one  classes  as  follows  : — 

Groupe  I. — Industries  whose  aim  is  chiefly  the  extraction  or  intro¬ 
duction  of  materials. 

Class  1.  Mining  and  metallurgy;  2.  Forestry,  hunting,  fishing,  natural 
products,  without  cultivation;  3.  Agriculture,  vegetable  and 
animal. 

Groupe  II. — Industries  employing  mechanical  forces;  4.  Mechanics 
in  general  applied  to  industry  universally — machines ;  5.  Special 
mechanics,  as  railways,  machines  for  transport  by  land,  &c.; 
6.  Special  mechanics,  applied  to  particular  industries — ma¬ 
chine  tools  ;  7.  Special  mechanics — textile  machines. 


Groupe  III. — Special  industries  based  on  chemical  or  physical 
agents,  or  connected  with  science  or  instruction ;  8.  Arts  of 
precision — philosophical  instruments  ;  9.  Industries  embracing 
the  economic  use  of  heat,  light,  and  electricity ;  10.  Chemical 
arts,  dyeing  and  topical  do.,  and  manufacture  of  paper,  leathe^ 
caoutchouc,  &c.;  II.  Preparation,  &c.,  of  alimentary  sub¬ 
stances. 

Groupe  IV. — Industries  that  properly  belong  to  the  learned  profes¬ 
sions;  12.  Health— pharmacy,  medicine,  surgery;  13.  Naval 
and  military  ar  ;  14.  Civil  constructions,  civil  engineering  and 
architecture. 

Groupe  V. — Manufacture  of  mineral  products ;  15.  Steel,  un¬ 
wrought  and  wrought  ;  16.  Ordinary  works  in  metals  commonly 
applied;  17.  Gold  and  silversmith’s  work,  jewellery,  bronzes ; 
18.  Glass  and  porcelain. 

Groupe  VI. — Manufacture  of  tissues  (textile);  19.  Cotton  manu¬ 
factures  ;  20.  Wool  do;  21.  Silk  do.;  22.  Flax  and  hemp  do.; 
23.  Straw  plait,  hangings,  embroidery,  lace,  &c. 

Groupe  VII. — Furniture  and  decoration — fashions,  industrial  de¬ 
signs,  printing,  music  ;  24.  Furniture  and  decoration  ;  25.  Gar¬ 
ments,  fashions,  and  objects  of  fashion  or  fancy ;  26.  Design  and 
modelling  applied  to  manufacture,  type-printing,  engraving, 
photography,  &c. ;  27.  Musical  instruments. 

Groupe  VIII. — Fine  arts;  28.  Painting,  art  engraving, lithography; 
29.  Sculpture  and  dye-cutting,  &c. ;  30.  Architecture  (as  a  fine 
art). 

Not  Grouped. — 31.  Productions  related  to  domestic  economy. 

This  is  purely  arbitrary  and  artificial  in  method,  but  has  some 
obvious  merits  as  a  classification,  in  the  natural  groups  into  which 
it  throws  most  of  the  objects  when  arranged. 

The  Florentine  Exhibition  of  last  year,  although  embracing  all  the 
exhibited  objects  of  those  of  1851  and  1855,  managed  a  much  more 
simple  catalogue,  and  yet  one  that,  when  we  come  to  look  at  its  items 
carefully  and  in  detail,  shows  a  great  deal  of  philosophic  method,  and 
natural  grouping  in  arrangement.  It  had  two  grand  sections: — I. 
Agrarian  and  industrial  products;  II.  Works  of  fine  art;  and  was 
divided  into  twenty-four  classes. 

The  Classification  of  the  present  Exhibition  of  1862,  has  been 
based  upon  that  of  1851,  but  embraces  thirty-six  classes,  besides  those 
of  the  Fine  Arts ;  and  when  these  are  thrown  into  natural  groups, 
but  out  of  their  consecutive  order,  they  are  as  follow : — 

T. — RAW  MATERIALS,  AND  MANUFACTURES  DIRECTLY  FROM  THEM. 

CHEMICALS,  FOOD,  &C. 

Class  1.  Mining,  quarrying,  metallurgy,  and  mineral  products. 

“  2.  Chemical  substances  and  products,  and  pharmaceutical 

processes. 

Sub-Class  a.  Chemical  products. 

“  b.  Medical  and  pharmaceutical  processes. 

“  3.  Substances  used  for  food. 

Sub-Class  a.  Agricultural  produce. 

“  b.  Drysaltery,  grocery,  &c. 

“  c.  Wines,  spirits,  beer,  and  other  drinks, 
and  tobacco. 

“  4.  Animal  and  vegetable  substances  used  in  manufactures. 

Sub-Class  a.  Oils,  fats,  and  wax,  and  their  products. 

“  b.  Other  animal  substances  used  in  manu¬ 
factures. 

“  c.  Vegetable  substances  used  in  manufac¬ 
tures,  &c. 

“  d.  Perfumery. 

“  25.  Skins,  fur,  feathers,  and  hair. 
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II. — MACHINERY,  TOOLS,  IMPLEMENTS. 

Class  27.  Articles  of  clothing. 

Class  7.  Manufacturing  machines  and  tools. 

Sub-Class  a.  Hats  and  caps. 

“  b.  Bonnets  and  general  millinery. 

Sub-Class  a.  Machinery  employed  in  spinning  and 

“  c.  Hosiery,  gloves,  and  clothing  in  general. 

weaving. 

“  d.  Boots  and  shoes. 

“  b.  Machines  and  tools  employed  .in  the 

“  30.  Furniture  and  upholstery,  including  paper-hangings  and 

manufacture  of  wood,  metal,  &c. 

papier-machd. 

“  8.  Machinery  in  general. 

Sub-Class  a.  Furniture  and  upholstery. 

“  9.  Agricultural  and  horticultural  machines  and  implements. 

“  b.  Paper-hanging  and  general  decoration. 

III. — ENGINEERING,  CIVIL  AND  MILITARY,  NAVAL  ARCHITECTURE, 

“  36.  Manufactures  not  included  in  previous  classes. 

ETC. 

Sub-Class  a.  Dressing-cases  and  toilet  articles. 

“  b.  Trunks  and  travelling  apparatus. 

Class  5.  Railway  plant,  including  locomotive  engines  and  carriages. 

VIII. — PHILOSOPHICAL  INSTRUMENTS,  &C.  ;  PAPER,  PRINTING,  &C.  J 

“  6.  Carriages  not  connected  with  rail  or  tram  roads. 

“  10.  Civil  engineering,  architectural,  and  building  contrivances. 

EDUCATION. 

Sub-Class  a.  Civil  engineering  and  building  contri- 

Class  13.  Philosophical  instruments,  and  processes  depending  upon 

vances. 

their  use. 

“  b.  Sanitary  improvements  andconstructions 

“  14.  Photographic  apparatus  and  photography. 

“  o.  Objects  shown  for  architectural  beauty. 

“  15.  Horological  instruments. 

“  11.  Military  engineering,  armour  and  accoutrements,  ordnance 

“  16.  Musical  instruments. 

and  small  arms. 

“  17.  Surgical  instruments  and  appliances. 

Sub-Class  a.  Clothing  and  accoutrements. 

“  28.  Paper,  stationery,  printing,  and  bookbinding. 

“  b.  Tents  and  camp  equipages. 

Sub-Class  a.  Paper,  card,  and  millboard. 

“  c.  Arms,  ordnance,  &c. 

“  b.  Stationery. 

"  12.  Naval  architecture — ships’  tackle. 

“  c.  Plate,  letterpress,  and  other  modes  of 

Sub-Class  a.  Ship  building  for  purposes  of  war  and 

printing. 

commerce. 

“  d.  Bookbinding. 

“  b.  Boat  and  barge  building,  and  vessels  for 

“  29.  Educational  works  and  appliances. 

amusement,  &c. 

Sub-Class  a.  Productions  of  publishers. 

“  c.  Ships’  tackle  and  rigging. 

“  b.  “  apparatus  makers. 

IV. — IRON  AND  STEEL,  METAL  MANUFACTURES,  AND  PRECIOUS 

“  c.  “  toy  and  games  manufac¬ 

turers. 

METALS. 

“  d.  Specimens  and  illustrations  of  natural 

history. 

Class  31.  Iron  and  general  hardware. 

Sub-Class  a.  Iron  manufactures. 

The  visitor  to  the  Exhibition,  after  its  opening,  when  it  shall 

“  b.  Manufactures  in  brass  and  copper. 

be  fully  arranged  (for  there  seems  no  longer  any  doubt,  that  as 

“  c.  Manufactures  in  tin,  lead,  zinc,  pewter, 

it  was  in  1851,  the  opening  will  be  but  a  solemn  form,  in  order  to 

and  general  braziery. 

“  keep  the  word  of  promise  to  the  ear”  as  to  time  ;  and  that  very 

“  32.  Steel  cutlery  and  edge  tools. 

little  will  be  arranged  for  view),  who  shall  enter  by  the  great  central 

Sub-Class  a.  Steel  manufactures. 

door  from  the  Cromwell  Road,  will  find  the  products  of  Great  Britain 

“  b.  Cutlery  and  edge  tools. 

and  her  colonies  occupying  all  to  the  right,  and  extending  up  into 

“  33.  Works  in  precious  metals,  and  their  imitations. 

the  eastern  annexe.  Hardware  will  be  close  to  him  on  the  right  next 

V. — JEWELLERY,  GLASS,  FICTILE  MANUFACTURES. 

the  door ;  carriages  iu  the  den  to  the  right  under  the  picture  gallery 
still  more  in  front.  Advancing  up  towards  the  nave  by  the  central 

Class  33.  Jewellery,  imitation  gems,  &c. 

avenue  through  the  glass  courts,  he  will  have  works  in  precious 

“  34.  Glass. 

metals,  pottery,  and  glass  first,  and  retreating  in  succession  from  him 

Sub-Class  a.  Stained  glass,  and  glass  used  in  buildings 

on  the  right  hand  ;  beyond  these  will  be  naval,  military,  and  civil 

and  decorations. 

engineering ;  and  south  of  the  latter,  steel,  furs,  and  leather  (rather 

“  b.  For  household  use  and  fancy  purposes. 

odd  neighbours).  Passing  across  the  nave  with  all  its  trophies,  and 

“  35.  Pottery,  tiles — tesserae ;  terra-cotta,  &c. 

so-called  trophies,  he  will  find  music  and  furniture — east  of  which 

VI. — TEXTILE  MATERIALS  AND  MANUFACTURES,  &C. 

the  colonies  begin  to  take  part  and  to  locate  their  materials  as  they 
please — and  will  come  upon  the  only  bit  of  foreign  ground,  to  the  east 

Class  18.  Cotton. 

of  the  north  and  south  centre  line,  where  China  and  Japan  have  been 

“  19.  Flax  and  hemp. 

allotted  a  nook  of  our  territory. 

“  20.  Silk  and  velvet. 

Returning  back  now,  straight  to  the  centre  vestibule  by  which  he 

“  21.  Woollen  and  worsted,  including  mixed  fabrics  generally. 

entered,  and  casting  his  eyes  to  the  left,  he  will  see,  first  and  fore- 

“  22.  Carpets. 

most,  the  most  backward  and  Cimmerian  of  all  European  govern- 

“  23.  Woven,  spun,  felted,  and  laid  fabrics,  when  shown  as 

ments,  Rome.  Italy,  young  and  aspiring,  stands  behind  her,  awaiting 

specimens  of  printing  or  dyeing. 

here  as  elsewhere,  to  take  the  “faineant’s”  place.  To  the  left  of 

“  24.  Tapestry,  lace,  and  embroidery. 

these,  France  lords  it  over  all,  occupying  nearly  one  half  the  whole 

VII. — GENERAL  MANUFACTURES  (HANDICRAFT). 

foreign  space.  Far  to  the  left  of  her,  is  the  great  space  given  to  the 
Zollverein.  Spain  and  Portugal  come  in  upon  the  nave  about  its 

Class  26.  Leather,  including  saddlery  and  harness ;  manufactures 

centre,  and  probably  will  make  it  glitter  with  their  gems  and  royal 

generally  made  of  leather. 

diamonds.  Austria  holds  a  large  plot  furthest  away  to  the  left  and 
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far  north,  next  the  annexe;  and  going  backwards  from  this  despotic 
power  towards  the  east  or  north  and  south  centre  line,  we  have  the 
spaces  for  Belgium,  Holland,  Switzerland,  Denmark,  Norway,  and 
Sweden,  with  Turkey  and  her  quasi-dependencies,  and  the  various 
little  states  of  South  America.  North  America  has  at  the  latest 
been  given  some  of  our  own  ground. 

Before  us  to  the  north  now,  is  the  entrance  to  the  refreshment 
department,  which  it  is  well  to  know  where  to  find. 

Far  up  to  the  northern  end  of  the  annexe,  whirling  with  machi¬ 
nery  in  movement,  the  visitor  will  find  the  machines  and  engines, 
&e.,  of  the  foreign  exhibiters.  The  relation  as  to  position  of  the 
picture  galleries,  and  the  modes  of  access  to  them,  he  has  already  got 
in  what  has  preceded. 

In  1851  the  space  allotted  in  the  first  instance  (but  subsequently 
increased)  to  foreign  exhibiters  was : — 

Arabia,  500  super  feet ;  Belgium,  15,000;  Bolivia,  100;  Brazil, 
1000;  Buenos  Ayres,  500;  Central  America,  300:  Chili,  500; 
China,  2500;  Denmark,  2500;  Egypt,  1500;  Ecuador,  100;  France, 
50,000;  Austria,  21,750;  the  Stuerverein,  Mecklenberg,  and  Hans 
Towns,  5000  ;  Zollvereiu,  30,000  ;  Greece,  1000  ;  Holland,  5000  ; 
Naples,  2500  ;  Rome,  1000 ;  Sardinia,  1500 ;  Tuscany,  3750  ;  Mexico, 
1000;  Monte  Video,  100;  Morocco,  500;  New  Granada,  500; 
Norway  and  Sweden,  2500;  Persia,  509;  Peru,  500;  Portugal, 
1000;  Russia,  7500;  Spain,  2500;  Switzerland,  4000;  Tunis,  500; 
Turkey,  5000;  United  States,  40,000;  Venezuela,  400;  Western 
Africa,  500 — total,  213,000. 

On  the  present  occasion  the  following  spaces  have  been  allotted  to 
the  foreign  exhibitors,  exclusive  of  North  America  : — 

IN  THE  MAIN  BUILDING - LEFT  HAND. 

Austria,  36,000  super  feet ;  Hans  Towns  and  Mecklenberg,  6225 ; 
Zollverein,  49,500;  Belgium,  21,930;  Holland,  7200;  Switzerland, 
9000;  Norway  and  Sweden,  7200;  Russia,  10,800;  Costa  Rica — 
Guatemala,  724;  Peru,  Uruguay,  Venezuela,  624;  Ecuador,  1000; 
Brazil,  1250  :  Turkey,  Tunis,  Egypt,  6250  ;  Spain,  4000;  Portugal, 
3531  ;  France,  94,419  ;  Italy,  8906 ;  Rome,  3469 — total,  272,128. 

IN  TIIE  ANNEXE — (MACHINERY  DEPARTMENT). 

Zollverein,  20,250  square  feet ;  Belgium,  15,570;  Austria,  6000  ; 
France,  24,750. 

The  total  surface  of  the  western  annexe  is  184,000  square  feet; 
that  of  the  covered  portion  of  the  eastern  annexe,  96,000,  and  the 


uncovered  portion  35,000  square  feet,  or  in  all  about  7  acres ;  a 
space  for  machinery  and  agricultural  implements  (mainly)  alone, 
equal  to  the  ground  covered  by  the  very  largest  ship  yards  or 
manufactories  in  this  country,  and  to  some  of  the  largest  of  the 
Liverpool  docks. 

The  total  area  of  the  building  being  about  24^  acres,  if  we  deduct 
these  7,  we  have  762,300  square  feet  of  surface  remaining.  Deduct¬ 
ing  from  this  the  area  of  the  picture  galleries — 70,000  square  feet 
about — we  have  the  entire  Industrial  Exhibition  space  (except 
annexes)  equal  to  692,300  square  feet.  The  space  within  this 
given  up  to  foreigners  (exclusive  again  of  annexes)  is  272,128  square 
feet,  without  reckoning  North  America ;  and  deducting  this  from 
the  preceding,  we  find  that  Great  Britain  and  her  colonies  reserve 
to  themselves  about  420,000  square  feet  of  exhibiting  surface.  All 
these  figures  must  be  viewed  as  approximate  only. 

Our  task  is  done.  We  have  traced  the  origin,  the  successive 
homes  of  these  great  gatherings,  from  their  dawn  to  the  present  hour, 
with,  as  we  hope,  less  irksome  and  laborious  toil  to  our  readers  in 
following,  than  to  ourselves  in  having  led  the  way.  As  these  sheets 
are  passing  through  the  press,  every  highway  of  this  great  city  chal¬ 
lenges  the  eye,  with  proofs  of  the  gathering  together  here,  of  the  riches 
of  the  world’s  abundance,  and  of  man’s  intelligence  and  toil.  The 
hissing  steam,  the  thundering  blows  of  countless  craftsmen  that  have 
for  months  resounded  through  the  vast-roofed  concaves,  have  died 
away,  the  hum  of  hastening  feet  now  echoes,  and  the  gleam  of  quick 
and  order-endowing  eyes  have  taken  their  place.  Before  long  silence 
herself  will  reign,  and  prelude  the  swelling  harmonies,  that,  inter¬ 
preting  the  souls  of  Meyerbeer  and  Auber,  shall  dignify  and  solemnize 
the  opening  hour  now  so  near,  of  this  third  great  congress  of  the 
nations.  Expectation  sits  now  on  all — intelligence  and  wealth, 
labour  and  capital,  await  the  rewards  which  commerce  improved  and 
stimulated  by  the  Congress  offer;  or  genius  anticipates  the  more 
instant  guerdon  of  medals,  honour,  praise.  Yet  from  those  who 
occupy  the  most  poetic  and  aspiring  platform  of  all,  from  those  of 
Art,  these  tangible  stimuli  et  auxilia  laboris  will  be  wanting,  or 
distributed  with  uneven  hand.  Many  great  names  still  living  in 
their  works,  amongst  “these  finer  souls  of  men,”  have  long  passed 
away  from  where  human  praise  is  heard.  Yet  they  had  theii 
reward,  and  have  it  evermore;  of  their  works,  as  truly  as  of  the 
aims  and  accomplished  thoughts  of  him  whom  tens  of  thousands 
will  remember  on  this  May-day,  and  mourn  his  loss — may  it  alone 
be  said  in  the  words  of  the  Roman — “  Prccclara  facinora  ingenii 
sicuti  anima  immortalia  sunt /” 


SECTION  A 


MINERAL  PRODUCTS,  MINING,  QUARRYING,  AND  METALLURGY. 


PREFATORY  NOTE. 

now  commence  the  account  of  the  various  objects  constituting  the  Exhibition  in  its  proper  sense.  As 
far  as  practicable,  we  have  thrown  these  into  natural  groups,  and  begin  with  what  are  commonly, 
though  imperfectly,  designated  Raw  Products. 

This  class  of  objects  possesses,  to  the  reflecting  mind,  a  special,  we  had  almost  said  a  greater  interest, 
than  any  elaborated  objects  exhibited. 

These  Raw  Products,  so  various,  so  diverse,  from  different  countries  and  peoples,  are  the  gifts  that 
the  Creator,  with  a  hand  always  bounteous,  but  wisely  unequal  and  discriminative,  has  scattered  amongst 
the  families  of  men,  to  be  sought  for,  their  hidden  properties  discovered  and  evolved,  and  to  become 
the  fountains  of  power,  of  commerce,  of  mutual  help,  of  greatness,  national  and  individual,  of  every 
material  comfort  and  enjoyment. 

That  the  lavish  possession  of  those  gifts  of  nature  may  not  result  in  national  prosperity  and  power — that  their  being  almost  totally 
withholden  may  yet  be  consistent  with  both  —  must  occur  with  suggestiveness  and  force  to  him  who  walks  through  the  “  Earth 
Gifts”  of  the  various  nations  in  the  Exhibition. 

He  will  find  some  of  the  richest  products  coming  from  nations  the  poorest  and  least  advanced.  Again,  he  will  find  wealth  and  comfort, 
as  in  Holland,  where  nature  has  spread  forth  for  its  inhabitants  little  more  than  a  bed  of  silt  and  sand.  Where  is  the  key  to  this  enigma? 
It  is  in  developed  industry,  dependent  on  moral  causes  chiefly.  One  lesson,  then,  taught  by  these  great  gatherings  is — that  while 
amongst  the  nations  some  are  by  nature  rich,  none  need  be  poor.— Ed. 


1-MINERAL  PRODUCT S— M E T A L L I C  AND 
NON-METALLIC. 

By  Professor  Warrington  W.  Smyth,  M.A.,  F.R.S.,  Lecturer 
on  Mining  and  Mineralogy  at  the  Government  School  of  Mines, 
London. 

INERAL  products  have,  in  the  arrange¬ 
ment  of  the  present  Exhibition,  as  in 
former  ones,  been  brought  under  Class 
I.,  which,  however,  includes  a  number 
of  other  objects  in  addition  to  mineral 
bodies,  whether  in  their  natural  state 
or  as  prepared  by  the  metallurgical  pro¬ 
cesses  for  further  treatment  in  the  arts. 
Such  are,  for  example,  the  models  or 
the  actual  apparatus  of  mechanical  ap¬ 
pliances  used  in  mining,  which,  although 
conveniently  grouped  in  this  class  for  inspection  and  criticism,  we 
propose  to  reserve  for  the  subject  of  a  separate  communication. 

It  appears  natural  that  an  Industrial  Exhibition  should  com¬ 
mence  by  placing  before  the  spectator  the  raw  materials  derived 
from  the  mineral  kingdom,  and  should  lead  him  step  by  step  from 
the  simple  products  of  the  mine  and  the  quarry,  from  the  very 
source  in  fact  of  manufacturing  and  commercial  power,  towards  the 
finished  results  of  industrial  art  with  which  we  are  more  familiar 
in  every  day  life.  And  if  this  be  needed  to  insure  the  complete¬ 
ness  of  such  an  exhibition,  it  might  be  argued  that  when  the  dis¬ 
play  is  styled  universal,  the  choice  of  natural  products  should  not 


be  limited  to  those  alone  for  which  mankind  has  already  found  an 
application,  but  that  all  the  substances  offered  to  us  by  a  bountiful 
nature  should  receive  then  due  meed  of  attention,  and  should  con¬ 
tribute,  it  may  be  only  to  general  instruction,  but  possibly  also,  after 
comparison  and  suggestion  and  trial,  to  new  and  useful  forms  of 
service  to  man.  But  there  is  a  long  series  of  considerations  to  be 
advanced  on  the  opposite  side,  which  may  in  a  great  measure 
explain  the  generally  fragmentary  character  of  this  department  of 
our  great  exhibitions,  more  especially  in  the  British  portion  of 
them.  If  any  one  applies  himself  seriously  to  the  study  of  the 
mineral  products  as  exhibited,  he  will  find  provoking  gaps  and 
intervals  and  examples  of  incompleteness,  such  as  could  only  be 
obviated  by  the  collection  of  the  larger  groups  of  specimens  being 
placed  under  the  direction  of  a  master  mind.  But  there  is  a  great 
deal  besides  this  to  be  taken  into  account,  and  in  which  Class  I. 
differs  toto  ccelo  from  those  classes  which  offer  to  the  eye  of  the 
visitor  the  products  of  art  in  a  state  of  complete  finish.  A  large 
proportion  of  the  specimens  constituting  this  division,  as,  for  instance, 
the  coals,  the  ironstones,  and  many  of  the  ores,  require  a  previous 
education  to  enable  the  visitor  to  discover  their  interest,  and  are 
not  likely  to  enlist  the  close  attention  of  the  million,  wearied  with 
the  multitude  of  sights  and  blase ,  with  the  brilliancy  of  porcelain 
and  silver,  silks  and  gilding.  Hence  arises  a  feeling  that  such 
collections  will  interest  but  a  small  portion  of  the  public.  And 
coupled  with  this  is  the  question,  whether  any  pecuniary  advantage 
is  secured  to  the  exhibiter  by  a  display  of  his  raw  produce.  In 
some  instances  the  place  held  in  the  Exhibition  may  serve  as  a 
useful  advertisement;  but  in  many  others  there  is  such  a  total 
absence  of  money  remuneration  that  we  can  hardly  wonder  that 
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many  producers  hang  Lack,  and  we  may  be  the  more  grateful  to 
those  who  have  incurred  an  expense,  sometimes  very  considerable, 
to  send  up  suites  of  their  copper  ores,  black-bands,  limestones,  &c., 
and  to  accompany  them  by  drawings  and  sections,  in  order  to  con¬ 
tribute  to  the  general  scientific  usefulness  of  the  undertaking.  But 
more  than  this,  if  previous  knowledge  is  required  in  order  to  invest 
the  specimens  with  their  due  share  of  interest,  much  more  is  it 
needed  if  we  would  judge  of  the  commercial  value  and  importance 
of  the  works  which  they  represent.  The  prosperous  working  of  a 
mine,  the  successful  treatment  of  an  ore,  depend  on  such  a  multi¬ 
tude  of  collateral  circumstances,  that  a  mere  example  or  two,  in 
most  cases  carefully  selected  as  the  most  showy  that  can  be  ob¬ 
tained,  cannot  possibly  serve  as  an  index  to  the  true  state  or  pros¬ 
pects  of  the  work  from  which  they  are  taken,  unless  we  are  made 
acquainted  by  previous  experience,  or  by  detailed  description,  with 
the  conditions  under  which  such  examples  occur.  Nay,  they  may 
even  be  made  to  serve  the  base  purpose  of  what  they  term  in  Corn¬ 
wall  “  slocking-stones,”  specimens  designedly  sought  out  to  seduce 
the  ignorant  or  the  over-sanguine  into  embarking  in  speculations  to 
which  a  high  and  false  colour  is  thus  imparted. j 

It  appears  to  us  that  under  this  latter  point  of  view  the  system 
adopted  in  the  preparation  of  the  “  Official  Illustrated  Catalogue” 
is  highly  objectionable.  Therein  we  see  that  most  of  the  exhibiters 
simply  state  the  nature  of  the  objects  exhibited  by  them,  and  gene¬ 
rally  in  so  few  words,  being  enjoined  by  authority  so  to  do,  as  to  be 
obscure  or  far  short  of  the  required  mark  in  explanation.  But  when 
we  turn  to  others,  we  are  surprised  to  find,  after  the  first  simple 
statement,  a  long  panegyric  upon  the  articles  exhibited,  often 
coupled  with  assertions  of  much  importance  if  true,  which  would 
appear  to  the  public  to  be  issued  under  the  authority  of  the  Royal 
Commissioners,  but  which,  we  regret  to  learn,  are  nothing  else  than 
paid  advertisements.  It  thus  becomes  the  more  needful  that  exhi¬ 
bition  records  and  jury  reports  should  be  published  at  as  early  a  date 
as  possible,  in  order  to  counteract,  were  there  no  other  reason  for 
it,  the  erroneous  impressions  which  may  in  some  instances  be  pro¬ 
duced  by  the  desire  of  exhibiters  to  puff  their  wares,  and  of  Com¬ 
missioners  to  make  their  catalogue  pay. 

GEOLOGICAL  MAPS. — As  an  introduction  to  Class  I.,  it  may  be 
convenient  to  pass  under  review  the  maps  which  have  been  con¬ 
structed  for  the  furtherance  of  our  knowledge  of  the  structure  of 
the  earth,  and  the  general  collections  not  representing  special 
mines  or  works.  Most  properly  may  the  geological  maps  thus 
lead  the  way  in  an  industrial  exhibition,  for  none  but  those  who 
have  tried  it  can  appreciate  the  industry  and  labour  expended 
in  the  preparation  of  some  of  those  which  decorate  the  walls  of 
the  building.  The  necessity  of  tracing  numerous  and  constantly 
varying  lines  of  rock  boundary  by  actually  tramping  over  and 
examining  almost  every  fathom  of  ground,  through  wood  and 
brake,  over  hedge  and  ditch,  across  mountain  and  valley ;  the 
facility  of  obtaining  bad  local  information,  and  the  difficulty  of  get¬ 
ting  the  good ;  the  obscurity  of  certain  questions,  and  the  constant 
necessity  for  careful  inference  by  analogy — all  render  the  working 
out  of  such  a  survey  a  task  of  a  very  laborious  order,  but  more  or 
less  so  according  to  the  scale  of  the  map  and  the  character  of 
the  country  examined.  Recognizing  the  difficulty  of  carrying  out 
such  a  work  by  private  enterprise,  the  government  of  almost  all 
European  countries,  and  of  the  United  States  of  America,  have 
established  state  surveys,  some  of  them  commencing  with  a  general 
map  on  a  small  scale,  W'ith  the  view  of  afterwards  carrying  out  the 
detail  maps ;  others  beginning  at  once  with  the  minute  investigation 
required  for  the  large  scale.  Thus  our  neighbours  in  France  led 
the  way,  and  under  the  guidance  of  Elie  de  Beaumont  and  the  late 
M.  Dufrenoy,  published  a  general  geological  map  of  France  in  1841, 
whilst  those  of  the  Departments  are  gradually  completing  sheet  by 
sheet.  In  the  present  Exhibition  the  French  appear  to  have 


limited  themselves  to  entering  a  few  geological  maps  as  examples 
of  successful  printing  in  colours  at  the  Imprimerie  Imperiale. 
Visitors  approaching  the  Eastern  Annexe  will  be  struck,  not  very 
agreeably  perhaps  at  first  sight,  with  some  large  maps  of  the  south¬ 
east  of  Scotland,  on  the  six-inch  scale,  completed  by  the  Govern¬ 
ment  geological  survey,  and  in  which  I  can  vouch  for  the  accuracy 
of  the  work  being  far  superior  to  the  success  of  the  arrangement  of 
the  colouring.  On  the  further  side  of  the  tunnel  which  passes 
under  the  entrance  to  the  gardens  is  suspended  the  great  map  of 
England  and  Wales,  on  the  scale  of  one  inch  to  the  mile,  the  geolo¬ 
gical  treatment  of  which  was  commenced  about  1832  by  the  late 
Sir  Henry  De  la  Beche,  at  first  at  his  own  expense,  afterwards  as  a 
government  work,  and  is  now  continued  under  the  charge  of  Sir 
Roderick  Murchison  and  Mr.  Ramsay,  -with  an  able  corps  of  assist¬ 
ants.  I  believe  that  in  spite  of  a  little  excusable  prepossession  by 
French  savans  in  favour  of  their  own,  it  has  been  generally  conceded 
that  this  map,  in  point  of  accurate  survey  and  general  completeness, 
bears  the  palm  among  all  the  nations  of  Europe.  Professor  Tunner, 
in  reporting  to  the  Austrian  Government  on  the  Paris  Exhibition  of 
1855,  stated  that  our  British  map  bore  upon  it  the  impress  of  truth 
which  is  presented  by  a  good  portrait,  whether  you  know  the  origi¬ 
nal  or  not.  This  map  is  flanked  by  two  others  of  great  excellence, 
that  of  Ireland  by  the  survey  under  Mr.  Jukes,  and  the  six-inch 
map  of  the  southern  part  of  the  coal-field  of  Lancashire  worked  out 
by  Mr.  Hull.  Another  map  of  special  interest  to  the  engineer  will 
be  found  against  the  north  wall  of  the  eastern  transept.  It  is  com¬ 
piled  by  Mr.  Robert  Mylne,  the  well-known  hydraulic  engineer,  and 
represents  in  one  conspectus  all  the  formations  beginning  with  the 
greensand  and  continuing  upwards  as  they  are  found  to  occur  in 
Britain,  in  France  as  far  as  the  extreme  limits  of  the  Paris  basin, 
and  in  Belgium  and  Prussia  as  far  as  the  Westphalian  coal-field;  this 
and  other  tracts  of  the  carboniferous  period  are  the  only  older  rocks 
which  are  distinguished  by  colour.  The  shallow  depression  mag- 
niloquently  termed  the  German  Ocean  is  coloured  in  a  number  of 
brownish  tints  corresponding  with  its  zones  of  depth,  and,  as  de¬ 
tractors  might  suggest,  with  its  prevalent  muddy  hues.  We  see 
thus  brought  conveniently  into  view  not  merely  the  geological  facts 
of  the  original  connection  of  the  chalk  and  tertiary  beds,  but  also 
the  whole  of  the  data,  as  far  as  they  can  be  given  on  a  plane  surface, 
which  affect  the  water-bearing  beds  which  pass  beneath  the  sites  of 
London  and  Paris,  and  which  at  the  latter  capital  have  been  so  suc¬ 
cessfully  sapped  by  deep  artesian  wells  which  have  pierced  through 
the  entire  body  of  chalk. 

Passing  to  the  other  end  of  the  building  to  the  well-ordered  de¬ 
partment  of  the  Zollverein,  Prussia  has  exhibited  several  geological 
maps  of  great  value,  foremost  among  which  is  that  of  the  Rhine 
provinces  and  Westphalia,  on  the  scale  of  1  to  80,000,  prepared 
under  the  direction  of  the  able  mining  officer  and  geologist,  Von 
Dechen,  of  Bonn.  No  less  than  seventy-one  different  colours,  as 
seen  in  the  index,  attest  the  numerous  subdivisions  which  it  has  been 
found  possible  to  establish,  and  which  the  surveyors  have  had  the 
industry  to  carry  out.  But  of  all  the  European  countries,  Austria 
has  made  the  most  surprising  steps  in  this  direction  within  the  last 
few  years — steps  the  more  remarkable  when  we  remember  the 
foreign  wars  by  which  she  has  been  assailed,  and  the  domestic 
troubles  from  which  she  has  suffered,  within  the  same  period. 
At  the  time  of  the  Exhibition  of  1851  the  labours  of  the  Aus¬ 
trian  State  geologists  were  barely  begun;  but  already  they  have 
placed  before  us  a  long  series  of  beautifully  executed  maps,  dealing 
with  some  of  the  most  difficult  regions  in  Europe.  The  larger  or 
more  detailed  maps  are  on  the  scale  of  1  inch  to  about  2£  miles,  or 
1  to  144,000,  and  include — 

1.  Upper  and  Lower  Austria.  1  3.  Styria  and  Illyria. 

2.  Salzburg.  I  4.  Bohemia. 
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Four  more  have  been  completed  on  half  the  above  scale,  1  inch  to 
4J  miles  English,  or  1  to  288,000,  viz: — 

5.  Tyrol  and  Vorarlberg.  I  7.  Hungary  and  Croatia. 

G.  Lombardy  and  Venetia.  I  8.  The  Bannat  of  Temesvar. 

And  somewhat  smaller  maps  have  been  completed  for  Transylvania 
and  Gallicia. 

This  rapid  progress  has  been  effected  under  the  direction  of  the 
veteran  Wilhelm  Haidinger,  by  the  Bergraths,  Franz  von  Hauer, 
Lipoid,  and  Foetterle,  aided  by  a  small  but  zealous  band  of  assist¬ 
ants;  aud  the  numerous  publications  which  they  have  meanwhile 
brought  out  in  elucidation  of  their  work,  establishes  conclusively 
the  care  and  true  philosophic  spirit  with  which  they  have  ap¬ 
proached  it. 

As  a  sample  of  what  may  be  done  by  a  single  private  man  almost 
unaided,  who  devotes  the  energies  of  a  “  mens  scina  in  corpore  sano ” 
to  his  work,  there  may  be  seen  in  the  Belgian  division,  the  geolo¬ 
gical  map  of  Belgium  by  the  late  M.  Dumont — no  novelty  it  is 
true,  for  it  has  been  published  some  years,  but  a  remarkable 
monument  of  a  remarkable  man’s  labours. 

Among  the  maps  thus  enumerated,  a  visitor  to  the  Exhibition 
must  take  upon  trust  much  of  their  detail,  and  from  the  position 
which  the}'  occupy,  may  even  have  difficulty  in  tracing  the  general 
features  of  the  country;  but  it  is  a  great  assistance  that  many  of 
them  have  received  titles  and  labels  on  a  large  scale  and  in  various 
languages,  to  meet  the  requirements  of  the  place. 

BRITISH  MINERALS. — What  we  may  term  general  collections, 
without  special  reference  to  mining,  are  not  abundant,  nor  do  they 
occupy  a  very  definite  position  with  reference  to  the  industrial 
objects  of  the  Exhibition.  In  the  English  department,  a  series  of 
British  minerals  and  a  few  fossils  are  exhibited — all  very  pretty  in 
their  way,  very  desirable  to  have  in  collections,  but  having  no  other 
bearing  upon  industry  except  that  they  have  been  duly  labelled, 
and  that  the  owner  hopes  to  make  money  by  their  sale  to  remune¬ 
rate  him  for  the  trouble  he  has  taken.  And  there  is  another  matter 
observable,  that  when  the  exhibiter  attaches  his  label  to  the  fossils 
he  calls  himself  Geologist;  when  to  the  mineral  specimens,  Mine¬ 
ralogist.  It  is  an  anomaly  rare  on  the  continent  that  the  seller  of 
the  objects  of  a  science  should  assume  the  title  of  a  practise!-  of 
that  science ;  it  is  as  if  the  man  who  sells  brushes  and  paints  to 
members  of  the  Royal  Academy  were  ipso  facto  to  become  himself 
“  artist.”  In  all  the  natural  history  sciences  this  practice  has  taken 
root  in  England,  and  it  looks  like  one  of  the  proofs  that  the  exact 
position  of  the  sciences  is  not  yet  very  clearly  understood  by  the 
great  body  of  the  public. 

AMERICAN  MINERALS. — A  collection  of  nearly  the  same  char¬ 
acter,  but  of  very  contrasting  appearance,  may  be  seen  in  the 
American  court,  where  the  coarse  and  huge  character  of  many  of 
the  American  minerals  stares  out  conspicuously,  the  big  ugly  beryls, 
and  the  odd  knobby  masses  of  native  copper  from  Lake  Superior ; 
but  here,  as  among  the  human  denizens  of  that  remarkable  country, 
we  find  abundant  exceptions  to  the  rule  ;  and  the  splendid  Datolites 
from  Bergen-hill,  the  Lazulites,  and  several  others,  make  up  for  a 
great  many  rough  and  untutored-looking  specimens. 

BELGIAN  MINERALS. — This  collection  has  a  definite  object  in 
view,  viz.,  to  illustrate  the  geology  of  Belgium,  from  the  lowest  to 
the  highest  formations,  is  judiciously  arranged  against  the  wall,  in 
a  series  of  shelves  gradually  narrower  towards  the  top,  and  capped 
by  a  row  of  panels  of  polished  Belgian  marbles.  To  those  who 
desire  to  make  themselves  aquainted  with  an  entire  series  of  rocks 
and  with  their  French  names,  this  collection  will  prove  very  useful, 
and  it  may  alleviate  in  some  degree  the  difficulty  of  getting  up  the 
uncouth  and  never  to  be  very  generally  adopted  terminology  of 
Dumont. 

COAL. — We  now  turn  to  the  well-spring  of  our  manufactures  and 


machinery — the  coal,  with  ample  stores  of  which  Great  Britain  has 
been  favoured  in  a  much  higher  degree  than  any  other  nation  of 
Europe.  Equally  striking  and  wonderful  is  the  contemplation  of  this 
dusky  mineral  replete  with  hidden  powers,  whether  we  take  it  in 
its  purely  scientific,  or  in  its  commercial  aspect.  And  in  both  we 
may  be  taught  much  by  an  International  Exhibition  in  which  it  is 
fairly  represented.  Perhaps  the  first  lesson  that  we  shall  learn  after  a 
careful  comparison  of  our  Annexe  with  the  courts  of  France,  Belgium, 
Prussia,  and  Austria,  will  be,  that  these  countries  are  much  richer 
in  that  indispensable  source  of  power  than  we  have  generally  given 
them  credit  for.  A  second  fact  will  be,  that  we  are  digging  out  our 
treasure  at  an  incomparably  more  rapid  rate  than  our  neighbours — 
our  annual  quantity  extracted  and  consumed  having  reached  the 
astounding  figure  of  some  75,000,000  of  tons.  And  a  third  fact  is, 
that  as  we  exhaust  our  better  seams,  and  those  which  lie  conveni¬ 
ently  for  cheap  working,  upon  which  the  chief  attack  is  at  pre¬ 
sent  made,  we  shall  have,  by  degrees,  to  work  worse  coals  and  under 
more  unfavourable  circumstances,  and  shall  thus  be  placed  more 
and  more  on  that  level  with  other  nations,  which  for  some  years  past 
steamers  and  railways  have  partially  tended  to  bring  us  to. 

Our  British  side,  as  we  might  fairly  expect,  is  somewhat  strong 
on  this  head.  It  had  been  suggested  to  intending  exhibiters,  in 
contradistinction  to  what  was  done  by  many  in  1851,  that  they 
should  send  up  their  specimens  of  coal  in  blocks  of  moderate  size, 
and  not  tax  themselves  and  the  available  space  by  preparing  huge 
masses  of  a  ton  or  more  in  weight.  A  good  many  of  the  exhibitors 
have,  notwithstanding,  been  at  the  expense  of  sending  blocks  of  very 
large  dimensions,  sometimes  without  rhyme  or  reason,  when  a  piece 
of  a  tenth  the  size  would  equally  have  shown  every  character;  but  in 
other  cases  they  have  been  carefully  cut  to  represent  the  full  height 
of  the  seam,  with  which  is  often  conjoined  a  clear  illustration  of  the 
division  into  layers  of  very  different  quality.  Of  this  kind  are  two 
excellent  sections  of  the  great  Barnsley  bed  in  South  Yorkshire,  one 
in  the  open  court  on  the  north  of  the  Annexe,  from  Lundhill  colliery, 
with  the  full  height  of  8  feet;  the  other,  No.  104,  from  the  Oaks 
colliery,  showing  it  split  into  its  six  principal  divisions  of  hard  and 
soft  coal,  adapted  to  various  purposes.  The  same  seam  is  again 
(with  an  upper  one)  exhibited  by  the  Duke  of  Newcastle,  from 
Shireoak  colliery,  No.  248,  where  he  reached  it  at  the  great  depth 
of  515  yards,  and  found  it  reduced  to  3  feet  10  inches  in  thickness. 
But  the  specimen  of  the  “  top  hard,”  as  it  is  there  called,  is  instruc¬ 
tive,  from  shorving  a  great  number  of  horizontal  subdivisions,  although 
constituting  mainly  but  one  coal,  suitable  for  steam  as  well  as  for 
household  purposes. 

The  Butterley  Company  (48),  of  Derbyshire,  are  like  giants  in 
their  handling  of  huge  masses.  Besides  their  pigs,  their  ponderous 
armour  plates,  their  rolled  main  beam  for  an  engine,  and  long  rolled 
girders,  they  have  sent  heavy  blocks  of  3  or  4  feet  cube,  of  the 
same  top  hard  coal,  and  the  deep-lying  seams  called  the  lower  soft, 
the  lower  hard,  and  the  kilburn.  Mr.  Barrow,  of  Staveley,  presents 
us  with  good  specimens  of  coal  from  the  same  field,  but  with  names 
attached,  viz.,  household  coal,  locomotive  coal,  and  hard  coal,  which 
give  no  clue  to  the  position  in  the  measures,  or  even  to  resolve  the 
question  whether  the  three  are  portions  of  the  same  seam — an 
example  of  the  way  in  which  things  ought  not  to  be  done. 

The  South  Wales  people  are  great  in  specimens  of  that  admirable 
steam  coal,  which  they  are  sending  away  as  fast  as  they  can  raise  it, 
apparently  without  any  one  connected  with  it  obtaining  a  fair  profit. 
No.  251,  Nixon’s  navigation  steam  coal ;  No.  324,  Cwmamman 
Merthyr ;  No.  2,  Aberdare,  No.  81,  Messrs.  Davis’s  upper  four-feet 
and  Blaengwawr  seams ;  are  all  fine  masses,  but  usually  so  sawn  at 
the  sides,  and  carefully  picked  or  chiselled  over  the  face,  that  very 
little  of  the  true  structure  of  the  coal  can  be  seen.  Nor,  as  far  as 
size  is  concerned,  is  one  likely  to  overlook  the  large  masses  of  Smith 
coal,  Rocky,  and  Park-end  high  delf,  raised  from  collieries  in  H.M. 
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forest  of  Dean,  bearing  evidence  at  the  present  moment  of  their  not 
having  been  put  up  by  a  collier,  from  having  the  wrong  side  up, 
whereby  the  chief  excuse  for  such  cyclopean  blocks,  viz.,  the  exhibi¬ 
tion  of  structure,  is  quite  upset.  Farther  north,  in  place  as  well  as 
origin,  a  very  good  case  for  a  ponderous  cube  is  the  splendid  seam 
of  cannel,  3  feet  1  inch  thick  (No.  151),  worked  at  the  Haigh 
colliery,  near  Wigan,  belonging  to  Earl  Crawford  and  Balcarres. 
Its  compact  structure  and  scarcity  of  horizontal  divisions  contrast 
very  forcibly  with  its  near  neighbour,  a  still  more  cumbrous  mass  of 
Carr’s  Hartley,  the  well  known  Northumbrian  steam  coal,  and  with 
the  Waldridge  Hutton  seam,  No.  335.  A  newly  discovered  and 
highly  valuable  seam  of  cannel,  from  Leeswood  in  the  North  Wales 
coal-field,  is  also  well  represented. 

More  convenient,  and  often  just  as  instructive,  except  where  the 
full  section  can  be  given,  are  the  more  moderately  sized  specimens, 
like  the  series  contributed  by  the  Sunderland  Committee  (344). 
No.  103  is  an  excellent  collection  from  Kilmarnock,  giving  speci¬ 
mens  of  eight  seams  (several,  unluckily,  the  wrong  way  up),  but 
accompanied  by  a  section  of  the  measures  on  one  side,  and  on  the 
other  by  good  legible  lables,  expressing  for  each  seam  the  name, 
specific  gravity,  yield  of  coke,  and  chemical  analysis.  Mr.  Howie, 
too,  of  Hurlford  colliery,  exhibits  (162)  good  examples  of  what  they 
term  soft  and  splint  coals  in  Scotland.  A  full  series  of  the  Midland 
coals,  in  small  cubes,  has  been  prepared  by  Messrs.  Woodhouse  and 
Jeffeock  (415-25);  and  those  of  South  Yorkshire,  by  Messrs.  Brown 
and  Jeficock  of  Barnsley  (No.  40);  these  latter,  however,  are 
sometimes  too  small,  and  instruments  have  been  too  liberally 
applied  to  bring  them  into  shape.  On  the  whole,  we  may  assert 
that  our  coals,  in  their  chief  varieties  at  all  events,  are  very  fairly 
represented.  The  above-mentioned  have  all  been  more  or  less 
bituminous  coals,  but  the  anthracite  of  the  western  portion  of  the 
South  Wales  field  is  represented  by  a  huge  block  from  Ynysced- 
win,  and  by  No.  243,  specimens  sent  by  Mr.  Adam  Murray  from 
Broadmoor  and  Landshipping  in  Pembrokeshire,  and  occupying 
the  somewhat  unfortunate  position  of  a  berth  in  the  tunnel  or 
sub-way  leading  to  the  Annex*;,  where,  in  spite  of  a  range  of 
Chappuis  reflectors,  the  light  is  far  from  satisfactory.  The  re¬ 
quirements,  created  within  a  few  years,  of  machinery,  of  rail¬ 
ways,  and  steam  navigation,  render  the  search  for  and  the  working 
of  coal  so  important,  that  we  are  almost  tempted  at  the  first 
blush  to  judge  of  a  country’s  wealth  by  the  quantity  of  coal 
which  it  produces.  But  in  instituting  comparisons  we  have 
to  recollect  that  certain  countries  require  a  vast  amount,  others 
very  little,  for  household  consumption,  and  that  sometimes — as  in 
Austria  and  America — a  great  amount  of  the  manufacturing  work 
may  be  done  with  wood  instead  of  fossil  fuel.  Our  colonies  are, 
some  of  them,  very  well  off  in  respect  of  coal,  and  amongst  them 
Nova  Scotia  is  distinguished  by  presenting  us  with  a  pillar  of  no 
less  than  36  feet  in  height,  representing  the  thickness  of  the  great 
Pictou  seam.  At  the  Exhibition  of  1851  our  Dudley  10-yard  seam 
was  shown  in  full  size,  and  that,  although  generally  of  about  30 
feet,  has  been  known  to  reach  the  thickness  of  36  feet ;  but  on  the 
present  occasion,  in  this  respect,  the  Pictou  seam  is  facile  princens. 
New  South  Wales  has  for  many  years  been  gradually  increasing  its 
production  of  a  coal  found  thoroughly  applicable  for  sea-service,  and 
exhibits  a  large  lump  of  this  “  steam  coal.” 

But  it  is  in  the  foreign  courts  that  we  have  some  of  the  most 
remarkable  collections,  observable  for  their  systematic  grouping,  as 
well  as  for  the  phenomena  they  represent.  One  of  the  fullest  and 
earliest  in  a  complete  state  for  examination,  is  that  of  the  Zollverein, 
although  one  may  refer  almost  solely  to  Prussia,  and  chiefly  to  her 
provinces  on  both  banks  of  the  Rhine ;  the  distant  Silesian  coal¬ 
fields  being  almost  unrepresented.  These  examples,  which  have 
been  contributed  by  the  various  lessees  and  companies  working  the 
collieries,  illustrate  the  small  basins  which  may  be  taken  for  the 


prolongation  eastward  of  that  of  Belgium,  the  large  and  rapidly 
developing  coal  tract  of  Westphalia,  and  that  of  Saarbracken. 
Only  when  there  is  a  story  to  tell  are  large  masses  introduced ;  but 
at  the  two  doorways  which  lead  into  the  convenient  hal'.  where 
Class  I.  of  the  Zollverein  is  installed,  stands  on  each  side  a  tall 
black  sentinel  in  the  shape  of  a  section,  full  size,  of  certain  of  the 
coal  seams  of  Saarbriicken.  The  coal-trade  will  appreciate  the 
importance  of  these  seams,  when  in  addition  to  the  statements  of 
good  quality,  we  see  before  us  the  Gallenberg  seam,  99  inches 
thick,  including  8  inches  of  parting;  the  Scliwalbach  seam,  110 
inches,  with  several  small  partings;  the  Beust  seam,  108  inches, 
with  only  4  inches  of  refuse ;  and  the  Blucher  seam,  168  inches. 
We  may  be  somewhat  misled  by  examining  these  Prussian  districts 
on  the  map,  unless  it  be  recollected  that  a  part  of  the  coal-bearing 
strata  or  measures  is  covered  by  newer  beds  of  rock,  which  are 
coloured  in  on  the  map  to  the  exclusion  of  the  coal.  The  total 
thickness  in  the  coal-field  of  the  Saar  is  especially  notable,  exceed¬ 
ing  any  of  those  in  this  country,  for  it  is  given  by  competent 
authority  as  varying  from  10,800  feet  to  19,000  feet,  containing — 

77  seams,  each  above  2  ft.  thick,  with  a  total  of  240  feet  of  coal, 

and  87  seams  below  that  thickness,  with  98  feet, 

Or  together  164  seams,  with  a  total  of  338  feet  of  coal. 

And  these  riches  extend  over  a  district  so  large  that  it  is  calculated 
there  is  an  available  amount  of  coal  down  to  the  moderate  depth  of 
100  fathoms  (or  more  properly  lclafter  of  6‘66  ft.)  below  the  level 
of  the  river  Saar,  of  a  thousand  millions  of  tons. 

The  specimens  of  the  Westphalian  coal-field  are  rendered  addi¬ 
tionally  interesting  by  some  admirable  sections,  which  show,  among 
other  things,  the  gradual  discovery  of  fold  after  fold  of  the  coal 
measures  beneath  the  thickening  strata  of  the  chalk  to  the  northward. 
Shafts  and  bore-holes  have  pierced  the  uninviting  cover,  and  in  the 
last  twelve  years  have  added  to  the  formerly  computed  contents  of 
the  entire  deposit  of  some  15,000  million  tons,  no  less  than  20,000 
millions  of  ton  sof  coal!  The  great  number  of  the  seams,  too,  com¬ 
mands  attention :  the  chief  basin  at  the  western  end  exhibits  as  many 
as  83  beds,  of  which  58  are  workable,  with  155  feet  of  coal,  and 
25  unworkable,  with  18  feet;  the  whole  occurring  in  a  thickness 
of  5700  feet  of  strata.  The  geologist,  the  statist,  and  the  collier, 
perhaps  even  the  politician,  will  find  in  these  drawings  abundant 
food  for  reflection. 

The  French  have  made,  during  the  last  quarter  of  a  century, 
very  great  efforts  to  take  a  high  place  among  coal-producing  nations, 
but  have  to  contend  against  an  adverse  nature,  which  has  given 
them,  it  is  true,  coal  in  numerous  localities ;  but  after  originally 
depositing  it,  has  so  contorted  and  shattered  and  disjointed  its  beds 
as  to  render  them  uncommonly  precarious  and  expensive  to  work. 
At  Paris  in  1855  a  very  excellent  display  was  made  from  all  their 
chief  coal-fields  ;  but  on  the  present  occasion  we  see  but  a  very 
limited  representation,  in  which  however  one  of  the  most  valuable 
districts,  that  of  St.  Etienne  near  Lyons,  plays  a  conspicuous  part. 
Belgium  again,  which  in  the  Paris  Exhibition  appeared  very  strong 
in  this  department,  appears  to  think  it  needless  to  send  “  coals  to 
Newcastle,”  and  gives  us  very  little  idea  of  the  activity  and  industry 
which  pervade  that  little  strip  of  country  which  runs  by  Mons  and 
Charleroi  to  Li^ge.  A  sound  commercial  reason  accounts  for  this  : 
we  in  England  are  not  likely  to  become  customers  for  their  coal, 
whilst  the  French,  requiring  more  than  they  themselves  can  supply, 
purchase  very  largely  from  Belgium. 

But  if  our  nearer  neighbours  do  not  show  in  full  force,  we  have 
an  opportunity  of  studying  a  large  collection  from  South-eastern 
Europe,  sent  in  despite  of  distance  by  Austria.  It  has  been  ar¬ 
ranged  and  catalogued  by  Foetterle,  of  the  Imperial  Geological  In¬ 
stitute,  and  the  owners  of  the  various  mines  appear  to  have  contri- 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  18G2.  GO 


buted  zealously,  not  only  the  specimens,  but  the  statistical  details 
appended  to  them.  The  collection  includes  coal  of  the  true  car¬ 
boniferous  period,  coal  of  the  age  of  the  lias,  found  especially  good 
in  the  south  of  Hungary,  and  the  tertiary  brown  coal  or  lignite, 
which,  often  completely  black  and  of  excellent  quality,  forms  very 
important  deposits  in  Bohemia,  Hungary,  and  the  Eastern  Alps. 
Of  the  first  kind  a  number  of  excellent  samples  make  us  acquainted 
with  the  products  of  the  collieries  of  Buschtierad,  Brandeisl,  Kladno, 
and  Schwadowitz  in  Bohemia,  of  Ostrau,  &c.,  in  Moravia,  and  Ja- 
worzno  in  Galicia.  In  the  second  list  come  the  products  of  two 
curious  districts  which  have  been  brought  into  activity  by  the  steam 
navigation  of  the  Danube,  first  set  on  foot  by  that  true  patriot  the 
late  Count  Stephen  Szecheny.  Of  these  the  Ftinfkirchen  pits  yield 
140,000  tons,  and  those  of  Steierdorf  in  the  Bannat  72,000  tons 
per  annum.  The  lignites  are  also  very  noticeable,  especially  when 
we  consider  that  so  many  of  the  southern  countries  are  devoid  of 
the  true  coal,  and  must  depend  on  the  applicability  of  this  peculiar 
fuel,  which  until  a  few  years  ago  had  been  strangely  neglected.  All 
the  kingdoms  and  provinces  of  Austria  contribute  “  brown  coal,” 
and  some  of  the  specimens  represent  vast  accumulations  of  this 
material,  as  for  instance  Nos.  3,  4,  5,  G,  from  seams  in  North 
Bohemia  48  to  72  feet  thick!  and  Nos.  201  to  211  from  Styria, 
where  one  seam  is  from  36  to  132  feet  in  thickness ! 

Some  lignites  of  very  simil  ir  appearance  have  been  worked  on  a 
gradually  increasing  scale  in  Italy,  which  in  Nos.  96-100  sends 
examples  from  various  localities,  the  most  notable  being  Cadibona, 
Sarzanello,  and  Montebamboli.  The  total  quantity  extracted  is, 
however,  when  referred  to  our  English  standard,  a  mere  trifle, 
amounting  to  some  60,000  tons  per  annum.  Spain  and  Portugal 
again,  with  reference  to  fossil  fuels,  show  us  that  nature  has  not 
neglected  to  give  the  dwellers  in  the  peninsula  the  means  of  gene¬ 
rating  steam,  although  but  little  has  yet  been  done  to  bring  into 
play  the  fine  stores  of  bituminous  coals  in  the  former,  and  the 
anthracite  of  which  we  have  some  fine  examples  from  the  latter. 

In  conclusion,  let  us  compare  in  round  numbers  the  quantity 
annually  extracted  by  the  chief  European  countries,  adding  together 


the  coal  and  lignite  : — 

TONS. 

Great  Britain,  ....  75,000,000 

Prussia,  .....  14,500,000 

Belgium,  .....  8,500,000 

France,  .....  7,500,000 

Austria,  .....  3,500,000 

Saxony,  .....  1,500,000 

Bavaria,  .....  300,000 

Russia  and  Italy,  each,  .  .  .  60,000 


IRON  ORES. — Ail  who  visited  the  Exhibition  of  1851,  will 
retain  some  recollection  of  the  unwieldy  masses  of  coal  then  con¬ 
tributed  by  various  English  districts.  On  this  occasion  they  will 
find  a  much  fuller  representation  of  this  branch  of  industry,  no  less 
than  eighty-two  exhibiters  having  supplied  the  public  with  samples 
from  almost  all  our  important  localities.  It  is  almost  impossibleto  sever 
from  an  examination  of  our  fossil  fuel  an  inquiry  into  the  iron  ores 
which  are  smelted  by  its  aid,  and  the  pig  and  rolled  iron,  which  form 
the  furthest  advanced  stage  of  the  manufacture,  as  included  in  Class 
I.  A  common  idea,  founded  doubtless  on  fact,  prevails  largely  with 
the  public,  that  coal  and  the  ores  of  iron  are  always  found  in  con¬ 
venient  proximity.  Alas  !  for  the  good  old  times,  some  producers 
may  sigh,  when  such  things  were!  but  now,  what  with  partial 
exhaustion  of  particular  districts,  special  requirements  of  quality, 
and  peculiar  conditions  of  cheapness  of  carriage  in  certain  directions, 
there  are  few  iron-smelting  works  which  can  trust  alone  to  a  suffi¬ 
ciency  of  contiguous  ore,  and  in  many  of  them  the  supply  is  of  a 
somewhat  complicated  and  surprising  description.  Hence  it  is  that 
in  the  North  we  may  find  works  employing  no  ore  at  all  of  their 
own,  but,  as  at  Consett  ( v .  Parkside  series,  No.  263),  making  an 


excellent  iron  with  half  of  the  ore  brought  from  Cleveland,  some 
forty  or  fifty  miles,  the  other  half  from  Whitehaven,  one  hundred 
miles.  Hence,  again,  we  may  see,  landing  at  Newcastle,  the  brown 
peroxide  ores  of  Cornwall ;  and  again  the  quays  of  Cardiff  and 
Newport  rouged  not  only  with  the  haematites  of  Ulverstone  and 
Cleator,  but  even  with  those  of  Bilbao  and  of  the  isle  of  Elba.  And 
thus  it  is  very  prominently  brought  to  notice  that  an  international 
show  of  iron  ores  is  a  matter  not  merely  of  scientific  interest,  but 
one  of  high  commercial  importance  to  those  iron-masters  who  from 
some  of  the  above  motives  find  it  advisable  to  import  mineral  from 
a  distant  source. 

In  1851  we  owed  to  the  labour  and  liberality  of  a  single  enthu¬ 
siast,  Mr.  Blackwell,  the  well  known  iron-master  of  Dudley,  a  highly 
instructive  collection  of  nearly  500  specimens,  representing  almost 
all  the  British  iron  ores.  In  1862  we  have  to  be  satisfied  with  a 
very  incomplete  set  of  examples,  notwithstanding  that  some  of  these 
are  so  fine  as  to  challenge  the  world. 

It  is  held,  we  presume,  that  our  poor,  dull-looking  coal-measure 
ironstones  cannot  possibly  produce  an  impression  on  the  public,  for 
they  have  almost  entirely  been  omitted,  although  what  they  can  do 
— more  or  less  mingled,  it  may  be,  with  richer  ores — let  the  splendid 
iron  specimens  of  Bowling,  Low  Moor  and  Farnley,  Lilleshall,  Lord 
Ward’s,  Dowlais,  and  Blaenavon  tell.  Mingled  again  with  the  more 
economical  black-band,  and  with  some  haematite,  it  yields  the 
excellent  products  exhibited  from  Lord  Granville’s  Shelton  works 
in  North  Staffordshire — and  the  same  black-band,  the  main-stay  of 
the  great  iron  trade  of  Scotland,  may  be  found  on  the  east  side  of 
the  Annexe  in  masses  whose  laminated  thickness  reveals  the  tale  of 
their  regularity  and  value.  With  these  ores  we  may  compare  some 
of  the  examples  from  Westphalia,  where  an  observant  mining  official, 
who  had  visited  our  Hyde  Park  Exhibition,  discovered  very  shortly 
afterwards  the  existence  of  beds  of  black -band,  which  had  up  to  that 
time  been  taken  for  useless  shale.  The  Prussians  have  now,  how¬ 
ever,  a  curious  fact  in  advance  of  us  again,  with  reference  to  this 
stone,  viz.,  that  some  of  its  varieties  contain  so  large  a  percentage 
of  phosphate  of  lime  (even  up  to  40  per  cent.)  as  to  be  far  more 
applicable  to  mineral  manures  than  to  iron-making. 

If  we  turn  now  to  the  richer  and  more  showy  kinds  of  iron  ore, 
we  need  scarcely  fear  competition,  although  the  ores  of  Siegen  in 

Prussia,  and  the  bril¬ 
liant  specular  iron  of 
Elba,  and  the  black 
magnetites  of  Sweden 
and  Norway  cannot 
be  exceeded.  But  we 
may  point  with  inter¬ 
est  to  the  masses  of 
sparry  carbonate  and 
their  products  as  ex¬ 
hibited  by  the  Wear- 
dale  Company  from 
Durham,  and  by  the 
Ebb w  Vale  Company, 
from  the  Brendon 
hills ;  to  the  solid  block 
of  the  so-called  Brush 
ore  of  Dean  Forest,  sent  by  Mr.  Crawshay;  and  lastly,  to  the 
unequalled  red  haematites  of  Cleator  and  Ulverstone,  as  seen  under 
the  numbers  9,  141,  263,  316. 

GOLD. — Dismissing  now  the  great  staples  of  coal  and  iron,  let  us 
take  a  glance  at  the  other  metals.  Gold  we  expected  to  see  in 
larger  quantity,  and  varied  localities,  from  our  Antipodes.  Not 
that  much  is  to  be  learned  from  such  a  display,  nor  that  we 
should  probably  find  any  remarkable  points  of  divergence,  quoad 
the  grains  and  lumps,  between  the  examples  from  thence  and 


Fig.  96. 


Crystals  of  Magnetic  Iron. 
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those  which  have  been  brought  from  Canada  and  Nova  Scotia.  Our 
Welsh  mine,  Clogau,  383,  deserves  greater  notice  than  many 
another  largely-producing  spot,  first,  because  it  has  resolved  the 

question  of  the  exist¬ 
ence  of  gold  in  re¬ 
munerative  quantity 
in  this  country ;  next, 
because  there  is  per¬ 
haps  hardly  another 
mine  in  the  world 
where  the  profit  is  so 
great  in  proportion 
to  the  outlay.  The 
specimens  of  the  vein 
show  the  delicate 
colour  of  the  gold, 
spangled  now  in 
quartz,  and  now  in 
calc  spar,  having 
often  the  structure 
of  a  finely  granular 
marble. 

SILVER. — Wherever  that  famous  mine,  Kongsberg  in  Norway, 
exhibits,  it  carries  the  day;  and  what  with  regular  crystals,  strange 
picturesque  distortions,  and  long  capillary  fibres,  its  native  silvers  stand 
alone.  Some  of  the  forms,  especially  those 
built  up,  as  it  were,  of  an  aggregate  of  mi¬ 
nute  crystals,  remind  one  strongly  of  analo¬ 
gous  dispositions  in  native  gold  and  copper. 
The  silver  ores  of  Spain  and  Austria  are  not., 
as  we  are  now  writing,  out  of  their  cases ; 
and  our  English  division  exhibits  nothing 
very  striking  in  this  way,  although  a  good 
cake  of  silver,  extracted  from  a  compara¬ 
tively  poor  argentiferous  galena,  adorns  the 
collection  of  the  produce  of  Mr.  Beaumont’s 
Northumbrian  mines. 

Aluminium  we  can  hardly  claim  as  Bri¬ 
tish,  prepared  from  a  French  mineral  by 
M.  Deville’s  process;  but  we  owe  to  the 
Messrs.  Bell  of  Newcastle  the  first  attempt 
to  manufacture  it  on  a  truly  important  scale, 
and  the  elegant  case  of  products,  No.  18,  in  which  the  bright 
untarnishing  whiteness  of  the  pure  metal  is  perhaps  outshone  by 
the  beautiful  gold-like  colour  of  the  aluminium  bronze — an  alloy 
which  is  likely  to  receive  many  applications,  and  of  which,  besides 
ornamental  objects,  bushings  or  bearings  for  machinery  are  exhibited. 

COPPER,  LEAD,  AND  TIN. — The  ores  of  this  country  are  most  in¬ 
sufficiently  represented.  How  is  it  that  the  local  committees  appointed 
in  Cornwall  and  Devon,  and  the  many  intelligent  miners  of  Wales, 
Yorkshire,  and  Cumberland,  have  not  shown  themselves  equal  to 
the  occasion?  Were  their  energies  exhausted  in  1851,  or  is  there 
a  lack  of  the  spirit  to  contribute  towards  the  expense,  and  of  taste  to 
set  in  order  the  more  modestly-sized  specimens  that  might  fairly  have 
been  expected  ?  We  have  a  good  and  instructive  series  from  Mr. 
Beaumont’s  mines,  Allenheads,  and  a  few  fair  samples  of  galena  from 
Cardiganshire;  but  beyond  these  the  collections  are  either  poorj  or 
fragmentary,  or  disorderly,  and  fur  the  most  part  all  three  together. 
A  single  specimen,  here  and  there,  may  call  attention,  as  a  fine  mass 
of  native  bismuth,  a  rich  crystalline  branch  of  tin,  the  uranium 
pitch-blende  from  Providence  mines,  or  a  group  of  the  sharp  and 
translucent  crystals  of  ruby  copper,  or  cuprite.  But  for  many  of 
these,  especially  the  smaller  and  more  fragile,  a  long  term  of  life 
is  not  in  store ;  and,  judging  from  former  experience,  it  is  to  be 
feared  that  what  the  dust  does  not  conceal,  or  the  rough  hand  of 


Fig  98. 
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Crystals  of  Iron  Ore. 


attendants  damage,  is  too  likely  to  be  fractured  by  the  umbrella 
ends  of  the  curious,  or  transferred  to  the  pockets  of  the  unscrupu¬ 
lous  among  the  visitors. 

Our  colonies  have  exerted 
themselves  in  this  respect 
more  than  the  mother  country. 

Australia  gives  a  sample  of 
some  of  her  rich  copper  mines 
in  a  few  gigantic  lumps  of  ore, 
besides  a  showy  case  of  the 
prettier  specimens  from  Burra 
Burra  —  the  malachites  and 
azurites  repeated  over  and 
over  again  for  no  reasonable 
purpose.  A  malachite  table, 
close  by,  is  an  extremely 
creditable  piece  of  work, 
and  illustrates  the  beauty  of  the  material  on  a  scale  which  we 
were  wont  to  associate  only  with  Russia.  Very  complete  in  all 
her  exhibition,  Canada,  through  the  Geological  Survey,  has  for¬ 
warded  unusually  fine  examples  of  copper  ores,  chiefly  bornite  or 
variegated  copper,  and  pyrites — some  of  them  from  mines  now  in 
operation,  others  from  localities  waiting  for  development — and  seduc¬ 
tive  samples  of  the  first-named  richer  ore  come  from  Newfoundland, 
and  various  coppers  of  better  promise  than  we  had  expected,  from 
Jamaica.  It  would  occupy  too  much  of  our  space  to  follow  up  the 
same  class  of  objects  through  France  and  her  Algerian  colon y, 
Austria,  the  Zollverein,  Belgium,  Italy,  and  Portugal ;  and,  in  fact, 
from  the  reasons  stated  in  the  commencement  of  this  description, 
the  collections  command  but  a  partial  degree  of  interest,  depending 
not  a  little  upon  what  we  happen  to  know  of  a  place  personally. 

NON-METALLIC  MINERALS.— A  few  only  of  those  capable  of  ap¬ 
plication  to  manufacture  are  shown  ;  but  many  of  their  compounds, 
in  the  shape  of  rock  masses,  are  exhibited  in  profusion  and  in  a 
Fig.  too. 


Fig.  99. 


Red  Copper  Crystal. 


Clon'led  A  gate. 

manner  highly  useful  to  the  practical  man.  It  is  true  that  in  these 
days  of  the  preparation  of  aluminium  from  clays  and  cryolite,  cap¬ 
tious  critics  may  throw  difficulties  in  the  way  of  the  term  non- 
metallic,  but  we  hold  that  for  ordinary  purposes  the  meaning  of  the 
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word  is  well  understood.  Of  those  which  do  not  form  rocks  we 
may  cite  the  beautiful  fluor  spar,  well  shown  by  some  of  the 
Derbyshire  lapidaries,  and  unrivalled  in  foreign  countries.  The 
way  in  which  this,  and  other  substances  of  about  the  same  degree 
of  hardness  as  marble,  have  been  inlaid  in  tables  and  other  orna¬ 
mental  objects,  chows  a  marked  advance  from  the  similar  produc¬ 
tions  of  1851.  Felspars  and  apatite,  on  a  grand  scale,  appear  in 
the  Norwegian  section.  Silicious,  and  therefore  harder  minerals, 
are  exhibited  in  the  rough  in  a  few  instances  only.  Sir  William 
Logan  exhibits,  under  a  new  aspect,  the  agates  taken  out  of  the 
trap  rocks  in  Upper  Canada.  Those  which  exhibit  a  clouded  pat¬ 
tern,  like  that  in  the  engraving  Fig.  100,  have  been  sliced,  the  corre¬ 
sponding  parts  cut  into  the  shape  of  the  wings  of  a  butterfly,  and 
thus  being  neatly  fitted  to  a  body,  give  a  good  view  of  the  varieties 
of  the  material  in  colour  and  pattern,  and  form  objects  very  suitable 
for  ladies’  ornaments.  Under  this  head  is 
exhibited  from  Florence,  the  head-quarters 
of  Italian  pietra  dura  work,  a  series  of  the 
stones  and  minerals  employed  in  that  elegant 
manufacture  ;  and  an  inspection  of  the  sili¬ 
cious  pebbles  ( ciottoli  del' Arno)  found  in  that 
river  bed,  shows  us  how  nature  has  assisted 
the  artist  in  providing  him  with  these  deli¬ 
cate  and  never-glaring  shades  of  brown  and 
green,  which  seem  to  breathe  good  taste  in 
the  finished  work. 

MATERIALS  OF  CONSTRUCTION.—  A  large  proportion  of  these 
rock  specimens  are  shown — a  subject  more  than  ever  deserving 
attention,  since  the  experience  of  the  last  few  years  has  shown  us  the 
effect  of  the  London  air  and  moisture  on  the  houses  of  Parliament 
and  other  buildings.  Could  we,  in  selecting  a  suitable  building 
stone,  have  put  economy  aside,  and  constructed  our  buildings  of  the 
sparkling  and  durable  granites  offered  by  the  Cheesewing  Company 
(58),  Messrs.  Freeman  from  South  Cornwall  (110),  Macdonald  of 
Aberdeen  (214),  or  the  Ross  of  Mull  Company  (308),  we  could  not 
have  gone  wrong.  Neither  Wicklow  nor  the  Mourne  mountains 
send  us  a  sample  of  the  Irish  granites;  but  from  little  Lundy 
Island  three  cubes  of  its  granite,  have  been  sent  us  by  Mr.  Heaven 
(145).  An  unusally  rich  display  has  been  made  of  some  of  the 
grey  grits  of  the  coal  measures — a  material  which,  working  as  a 
“  freestone,”  is  often  capable  of  being  raised  and  dressed  at  a  very 
moderate  price,  and  yet,  when  duly  selected  and  placed  in  its  pro¬ 
per  bed,  withstands  most  successfully  the  onslaught  of  time.  Nos. 
374  and  159  exhibit  fine  specimens  on  a  large  scale  of  that  excel¬ 
lent  stone  so  largely  quarried  in  the  Forest  of  Dean,  and  which  can 
now  be  placed  on  the  South  Welsh  Railway  at  an  economical  rate. 
85.  Lord  Denman,  in  North  Derbyshire,  has  prepared  a  block  of 
the  coarse  sandstone  which  has  given  rise  to  the  term  of  millstone 
grit,  and  of  which  some  manufactured  millstones  are  sent  from 
Hathersage  in  the  same  district.  In  the  same  open  court,  attached 
to  Class  I.,  are  some  coal  measure  sandstones  from  the  Leeds  dis¬ 
trict,  wrought  into  obelisk  and  column,  which  for  evenness  of 
grain  and  pureness  of  tint  leave  little  to  be  desired.  Among  the 
more  ornamental  kinds,  the  serpentine  of  Cornwall,  the  black  mar¬ 
ble,  and  the  green  serpentinous  marble  of  Ireland  are  visible  in 
quautity,  and  it  would  be  interesting  if  their  producers  could  have 
attached,  as  has  been  done  in  the  Portuguese  collection,  the  price 
per  foot  or  per  yard  of  the  material  in  different  forms.  The  prices 
thus  affixed  to  the  Portuguese  marbles,  as  table  tops,  and  cornices, 
&c.,  at  so  much  per  metre,  are  so  moderate  as  to  render  it  probable 
they  may  be  largely  used. 

SLATE. — But  amongst  all,  perhaps,  one  of  the  best  series  is  that 
of  the  slates  and  slabs,  notwithstanding  the  two  great  magnates  of  the 
trade,  Colonel  Pennant  of  Bangor  and  the  representatives  of  Asslieton 
Smith  of  Llanberis,  have  sent  nothing;  secure  probably, and  indepen¬ 


dent  in  the  giant  magnitude  of  their  business.  The  older  slates,  indeed, 
belonging  to  the  Cambrian  formation,  and  in  which  the  quarries  of 
Bangor,  Llanberis,  and  Nantlle  are  opened,  are  represented  in  this 
Exhibition  only  by  those  of  Bwlch-y-groes  quarry,  where  we  see 
the  prevailing  purple  tint,  alongside  of  a  distinct  band  of  a  green 
colour.  This  range  of  Cambrian  slates  ships  at  its  three  ports  of 
Bangor,  Perth  Dinorwig,  and  Carnarvon,  a  total  quantity  of  220,000 
tons  of  slate  per  annum.  The  Silurian  slaty  rocks,  on  the  other 
hand,  although  opened  at  divers  places,  are  chiefly  important  in  the 
semicircle  of  mountains  above  Ffestiniog,  whence  some  65,000  tons 
of  slates  are  shipped  at  Portmadoc.  This  series  is  fully  illustrated 
by  roofing-slates  of  all  the  mercantile  sizes,  from  Queens  and 
Duchesses  down  to  simple  Ladies ;  by  sawn  slips  of  wondrous  thin¬ 
ness  and  evenness  which  have  been  obtained  by  splitting  in  the 
planes  of  natural  cleavage;  and  by  a  few  large  planed  slabs.  The 
Welsh  Slate  Company,  Messrs.  Turner  and  Company,  Messrs.  Mat¬ 
thews,  Mr.  Greaves,  and  Mr.  Holland  have  joined  in  sending  the  pro¬ 
duce  of  their  contiguous  quarries.  After  examining  these  marvels  of 
regular  cleavage  and  smooth  surface,  we  are  almost  spoiled  for 
examining  other  slates,  but  find  nevertheless  in  No.  188  and  249,  that 
the  Cornish  slate  of  Delabole  and  Tintagel  is  a  material  of  excellent 
quality  and  durability,  although  not  capable  of  being  raised  on  the 
scale  of  the  Welsh.  But  the  well-coloured  and  strong  slate  of  West¬ 
moreland  and  Cumberland,  as  exhibited  more  especially  by  the 
Duke  of  Devonshire  from  the  Burlington  quarries,  has  a  very  rough 
appearance  in  comparison ;  and  none  of  those  exhibited  by  foreign 
nations  can  compete  with  the  blue  Ffestiniog  slates,  which  are 
already  largely  shipped  to  continental  ports.  France,  to  be  sure, 
has  not  done  herself  the  justice  to  send  good  examples  of  her 
Angers  slates,  quarried  on  an  important  scale.  Belgium  exhibits 
some  dark  grey  “  marquises,”  of  rather  rough  surface,  like  our 
Welsh  “seconds  ;”  and  from  other  localities,  some  which  split  thin 
but  are  small.  Prussia  shows  some  very  fair  blue  slate,  split  on 
the  true  cleavage,  from  Nuttlar  in  the  district  of  the  so-called 
Lenne  (Devonian)  rocks,  and  Nassau  a  good  sample  from  Caub, 
belonging  to  the  same  formation.  The  monster  slab  of  the  Exhibi¬ 
tion  is  from  the  Llangollen  quarries  (204),  a  single  piece  of  20  feet 
long,  10  feet  wide,  and  nearly  4  inches  thick,  weighing  4-^  tons. 
The  upper  Silurian  rocks  in  North  Wales  yield,  in  several  places, 
gigantic  flags  of  this  kind.  I  have  measured  them  thus  at  Nant 
Glyn,  near  Denbigh,  up  to  25  and  even  30  feet  in  length.  These, 
however,  are  raised  by  planes  of  division  parallel  to  the  bedding, 
and  thus  differ  entirely  from  those  of  most  quarries  of  roofing-slate 
where  the  planes  of  cleavage,  according  to  which  the  split  is  made, 
traverse  the  planes  of  bedding  at  all  sorts  of  angles. 

ENAMELLED  SLATE  WORK. — To  the  specimens  exhibited  by 
the  company,  and  by  other  exhibiters  in  another  class,  the  mineralo¬ 
gist  must  be  allowed  to  express  his  hearty  dislike  to  and  contempt  for 
the  system  of  sham  and  skin-deep  imitation  which,  in  one  form  or 
another,  tends  to  keep  our  domestic  architecture  from  the  respecta¬ 
bility  which  is  due  to  genuineness. 

CLAYS. — To  conclude,  we  have  a  fair  series  of  those  useful  but 
not  popularly  attractive  materials  ;  Nos.  219,  220,  227,  375,  399, 
show  them  to  us  in  the  purest  form  as  china-clay  or  porcelain  earth, 
largely  exported  from  Cornwall  to  Staffordshire.  The  preparation 
of  this  substance  from  the  decomposed  soft  granite  of  the  neigh¬ 
bourhood  of  St.  Austell,  employs  a  considerable  population,  and 
strongly  impresses  the  stranger  who  passes  on  a  sunny  day  through 
the  bleached  and  dazzling  district.  The  inferior  order  of  clays  of 
the  basin  of  Bovey  in  Devon,  and  from  Poole  in  Dorsetshire,  have 
also  been  sent  by  their  respective  workers  ;  and,  lastly,  the  highly'' 
valuable  refractory  or  fire-clays  found  in  the  coal  measures  are 
exhibited  not  only  in  the  rough,  but  fashioned  into  a  variety  of 
objects  for  the  chemist  and  metallurgist.  Among  these  the  Stour¬ 
bridge  bears  a  proverbially  excellent  character,  and  it  is  represented 


Fig,  lot. 
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in  the  annexe  by  the  collections  of  five  different  houses.  It  is  a  some¬ 
what  difficult  question  apparently,  that  of  the  composition  and  nature 
of  occurrence  of  the  best  fire-clays.  Plenty  of  chemical  analyses 
have  been  made,  and  several  different  localities  have  enjoyed  a 
celebrity  for  the  production  of  a  thoroughly  good  material ;  and  yet 
when  we  hear  the  testimony  of  those  who  have  been  concerned 
practically  with  exceedingly  high  temperatures,  as  in  glass-houses 
and  in  the  firing  of  hard-paste  porcelain,  we  are  told  of  disappoint¬ 
ments  and  irregularities,  and  of  excellent  clays  being  sometimes 
found  in  superficial  deposits  where  we  should  not  expect  them  ;  and 
on  the  whole  are  led  to  the  conclusion  that  except  when  dealing 
with  the  regular  products  of  a  known  manufacturer,  it  is  the  best 
way,  in  this  as  in  so  many  other  matters  in  life,  to  proceed  to  a 
practical  test. 


2.— MINER AL  PRODUCTS  — INDIA. 

By  M.  C.  Cooke,  Esq.,  F.R.S.,  Indian  Department,  London. 

jHE  Indian  Collection,  as  a  whole,  and 
the  mineral  portion  especially,  is  superior 
for  its  practical  value  to  either  that  of 
1851  or  1855.  The  progress  of  the 
Geological  Survey,  and  the  individual 
efforts  of  Professor  Oldham,  have  not  in 
a  small  degree  tended  to  this  result. 
We  are  only  now  beginning  to  under¬ 
stand  in  what  the  mineral  wealth  of  India 
really  consists,  and  it  is  gratifying  to  learn 
that  the  coal  and  iron  resources  have  so  increased  in  development 
as  to  occupy  very  prominent  positions  in  this  collection.  It  must 
be  remembered  that  all  the  contributions  from  India  for  the  present 
Exhibition  could  not  be  accommodated  in  the  space  set  apart  for 
that  section,  and  that  a  portion  of  the  first,  as  well  as  of  subsequent 
classes,  had  to  be  removed  to  the  India  Museum,  Whitehall  Yard, 
there  to  constitute  a  supplementary  collection.  In  this  brief  sum¬ 
mary  all  the  contributions  will  be  taken  into  account,  wherever  they 
may  be  located. 

As  an  appropriate  introduction  to  the  mineral  products  of  India, 
an  excellent  series  of  soils,  which  may  be  regarded  as  typical  of  all 
the  chief  agricultural  soils  of  India,  are  exhibited,  with  the  results  of 
their  analyses  attached.  These  specimens  formed  a  portion  of  those 
collected  by  the  brothers  Schlagentweit  during  their  scientific  tour 
through  High  Asia;  and  the  analyses  have  been  conducted  by  Dr. 
J.  Forbes  Watson,  specially  for  this  purpose.  It  is  unnecessary  to 
detail  here  the  results  of  those  examinations,  but  will  suffice  to  refer 
to  the  results  of  the  analyses  which  are  attached  to  each  jar  con¬ 
taining  the  specimens  tested. 

IRON. — The  most  important  part  of  metalliferous  deposits  is  the 
iron  series.  Of  these  ores  a  good  collection  is  shown  from  various 
localities.  The  red  ochrey  ironstone  of  Cuttack  is  represented  by 
specimens  from  Dhenkanal  and  Talchere.  An  abundance  of  this  iron¬ 
stone  is  found  in  the  district  of  Sumbulpore,  and  it  is  plentiful  in  the 
Cuttack  tributary  states  of  Talchere,  Dhenkenal,  Pal-Sahara,  and 
Ungool,  and,  in  fact,  throughout  the  hilly  country  bordering  the  settled 
districts  on  the  north-west.  All  the  iron  employed  in  this  division  is 
obtained  from  these  local  sources.  In  Sumbulpore  the  crude  iron 
is  sold  for  about  three  farthings  per  pound.  In  smelting  the  ore 
no  flux  is  used.  The  broken  ironstone  is  mixed  with  charcoal,  and 
put  into  a  clay  furnace  of  about  four  feet  in  height.  The  fire  is 
maintained  by  an  artificial  blast,  introduced  through  a  fire-clay  pipe, 
which  is  luted  with  clay  after  the  insertion  of  the  nozzle  of  the 
bellows.  The  slag  is  raked  out  through  an  aperture  made  in  the 


ground,  which  runs  up  into  the  centre  of  the  furnace  base.  The 
charcoal  employed  is  that  of  the  Saul  tree,  which  is  abundant. 
Although  limestone  in  calcareous  nodules  is  plentiful  on  the  spot,  it 
is  nowhere  used  in  smelting.  A  specimen  of  the  Ungool  ore  taken 
from  the  ground,  where  it  had  lain  exposed  to  sun  and  rain,  gave 
06  per  cent,  of  teroxide  of  iron,  equal  to  46  per  cent,  of  metallic 
iron.  A  sample  from  Pal-Sahara  gave  60^  per  cent,  of  protoxide, 
equivalent  to  47  per  cent,  of  metal.  Iron  ore,  of  which  a  specimen 
is  exhibited,  is  found  in  the  vicinity  of  Moonghyr,  in  the  Korruckpore 
hills,  and  is  smelted  by  the  natives  for  local  use. 

The  whole  chain  and  spurs  of  the  Vhyndhya  range,  in  the  Sliaha- 
bad  district,  is  full  of  mineral  stores.  Abundant  quarries  of  peroxide 
and  protoxide  of  iron  are  opened  in  the  accessible  portions  of  the 
Kymore  range,  which  is  a  spur  of  the  Vhyndhya.  Most  of  the 
ores  are  rich  in  metal,  some  of  them  yielding  from  70  to  75  per 
cent,  of  pig  iron.  Some  of  the  best  iron  in  India  is  produced 
at  Palamow  and  Singrowli.  The  Singrowli  iron,  especially,  bears 
a  high  character  in  the  market,  it  being  tough,  flexible,  and  easily 
worked.  The  greater  portion  of  the  Kymore  ores  are  found  on 
what  is  termed  the  old  red  sandstone,  superlying  fossiliferous  lime¬ 
stone  of  indefinite  thickness.  Although  there  is  an  abundance  of 
mineral  coal  in  South  Mirzapore,  in  Palamow,  and  Singrowli,  the 
native  smelters  only  employ  wood  charcoal,  and  the  whole  process 
is  conducted  in  the  simplest  manner. 

The  East  Indian  Iron  Company  exhibits  a  very  interesting  series 
of  iron  ores,  accompanied  by  articles  of  manufacture.  The  ores 
are  those  worked  by  the  company,  and  consist  of  samples  from 
Salem,  South  Arcot,  and  Beypore;  the  stone  of  which  the  shell  of 
the  blast  furnaces  are  built ;  the  shells  employed  as  a  flux ;  samples 
of  wood  used  for  making  the  charcoal  employed  in  smelting;  native 
goat  skin  bellows;  charcoal  pig  iron,  bar  iron,  cast  iron,  and  Bes¬ 
semer  steel,  made  at  Beypore,  direct  from  the  furnace,  with  speci¬ 
mens  of  cutlery,  made  by  native  smiths  from  the  above-named 
Bessemer  steel,  and  cutlery  made  from  the  same  steel  at  Sheffield. 
This  series  is  included  for  convenience  and  comparison  in  one  case, 
and  is  as  important  as  it  is  complete  and  interesting. 

The  iron  ore  of  the  Salem  district  is  a  rich  magnetic  oxide,  wdiich 
is  very  heavy  and  massive.  The  yield  averages  60  per  cent,  of 
metal.  A  portion  of  this  ore  is  a  pure  black  magnetic  oxide,  which 
would  yield  as  much  as  73  per  cent,  of  iron.  The  ore  is  sometimes 
much  mixed  with  quartz,  which  is  a  very  refractory  material  in  the 
blast  furnace.  The  chrome  ores  of  Salem  are  rich,  but  have  hitherto 
been  turned  to  little  account. 

The  Kumaon  Iron  Company  furnish  samples  of  their  metal,  but 
no  information  as  to  the  kind  or  source  of  the  ores  employed. 

Specimens  are  also  sent  by  His  Highness  the  Maharajah  of 
Gwalior  of  the  clhuoo  or  iron  earth  found  in  the  Gwalior  district. 
Iron  is  obtained  from  this  ore  at  the  cost  of  twelve  annas  for  twenty 
seers  weight,  or  eighteenpence  per  40  lbs.  Ores  are  also  shown 
from  Tendookhera  and  Agureea.  At  Tendookhera  the  ore  actually 
worked  is  a  large  vein  in  the  limestone  of  the  great  schist  formation 
of  the  Indian  Survey.  It  occurs  to  the  north  of  the  Nerbudda,  in 
the  open  flat  country  between  the  river  and  the  Vhyndhya  hills. 
Only  one  mine  is  worked  at  present,  but  a  similar  ore  has  been 
found  at  other  places  in  the  neighbourhood.  The  ore  resembles 
that  of  the  forest  of  Dean,  and  contains  about  40  per  cent,  of  iron. 
It  is  calcareous  and  very  fusible,  and  is  largely  smelted  by  the 
natives  at  Tendookhera,  where  about  sixty  furnaces  are  generally 
at  work.  The  ore  is  obtained  by  means  of  pits  sunk  from  30  to 
40  feet  through  the  alluvium  of  the  valley.  From  the  iron  of  these 
mines  the  suspension  bridge  of  Saugor  was  built  several  years  ago. 
The  Agureea  ore  is  obtained  in  thin  flakes  of  a  grey  colour  and 
metallic  lustre.  The  mines  are  situated  on  a  hill  consisting  of  iron 
ore  found  at  eighteen  inches  from  the  surface,  extending  over  an 
area  of  60,000  square  yards,  with  an  average  depth  of  thirty  feet. 
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The  ore  is  smelted  with  wood  charcoal,  and  refined  with  bamboo 
charcoal :  320  lbs.  of  ore  and  200  lbs.  of  charcoal  are  daily  used  in 
a  furnace  which  yields  1G0  lbs.  of  crude  metal.  The  entire  cost  of 
the  pure  metal  is  about  3s.  7Jd.  per  80  lbs.,  including  labour  and 
materials. 

Samples  of  iron  ores  are  also  exhibited  from  Perulia  and  Rauchee 
in  Chota  Nagpore.  Iron,  in  this  granulated  form,  is  found  lying  on 
the  surface  of  almost  all  the  high  grounds  in  Chota  Nagpore. 

Iron  is  found  in  considerable  quantity,  and  of  a  fine  description, 
in  the  Himalayas,  thirty  miles  north  east  of  Dhurmsala,  in  the  Kangra 
district,  in  the  native  states  of  Mandi  and  Kotkai ;  in  the  Solymani 
range  near  Kolachi,  on  the  western  frontier  of  the  Punjab.  The 
ore  is  magnetic,  and  closely  resembles  the  Swedish.  Mines  are 
worked  in  all  the  above  places,  but  iron  is  also  found  in  the  Salt 
range,  in  the  Afidi  hills  to  the  west  of  Peshawur  and  the  Mewatti 
hills  of  the  Goorgaon  district.  The  great  drawback  to  the  working 
of  these  ores  is  the  absence  of  coal  in  their  localities.  In  1858  some 
bars  of  Kangra  iron  were  sent  to  England,  in  order  to  ascertain  their 
value  in  the  British  market.  On  being  tested  at  Manchester  it  was 
found  that  while  the  best  English  iron  yielded  at  a  pressure  of 
56,000  lbs.  to  the  square  inch,  the  Kangra  iron,  as  received,  required 
a  force  of  61,300  lbs  per  square  inch  to  break  it;  and,  after  being 
hammered  in  Manchester,  it  sustained  a  pressure  of  71,800  lbs. 
Its  cost,  however,  at  Kangra,  is  not  less  than  £14  per  ton.  Samples 
of  iron  are  forwarded  for  examination.  Iron  ores  are  also  sent  from 
Makoom  in  Upper  Assam,  iron  earth  from  Gholagat,  and  iron  ore 
from  Pegu.  The  latter  is  found  on  the  western  slope  of  a  mountain 
about  fifteen  miles  inland  from  the  Irawaddy,  where  it  occurs  in 
nodules  in  considerable  quantities,  and  is  collected  and  smelted  by 
the  inhabitants  of  the  villages  in  the  vicinity. 

Finally,  the  iron  sands  must  not  be  forgotten ;  these  greatly 
resemble,  in  appearance  at  least,  and  probably  in  composition,  the 
Taranaki  sands  of  New  Zealand,  and  are  far  from  uncommon  in  the 
south  of  India.  Captain  Mitchell  exhibits  eight  varieties  from  as 
many  localities  in  Vellore  Salook,  and  there  are  also  a  few  samples 
from  other  places. 

COPPER. — Samples  of  copper  ore  are  sent  from  Debrooghur  and 
Seebsaugor.  According  to  analysis,  these  ores  contain  oxide  of 
copper,  carbonic  acid,  water,  oxide  of  iron  and  alumina,  lime, 
sulphur,  silicious  gangue,  silver,  and  arsenic.  By  assay  this  sample 
gave  good  copper  31^  per  cent.,  and  silver  2  oz.,  5  dwts.,  17  grs., 
per  ton  of  ore.  The  quality  of  the  copper  is  reported  on  by  the 
master  of  the  Calcutta  mint  as  follows : — “  The  slabs  were  subjected 
to  lamination,  and  proved  to  be  well  suited  in  all  respects  for  pur¬ 
poses  of  coinage.  The  metal  is  excellent  in  quality,  being  scarcely 
inferior  to  the  best,  equal  to  the  average,  and  decidedly  superior  to 
several  shipments  of  imported  copper.”  The  fuel  used  for  smelting 
is  charcoal  made  from  the  extensive  forests  in  the  immediate  vicinity 
of  the  mines  and  works  in  Landoo,  in  Dalbhoom,  and  Singbhoom 
in  the  south-west  frontier  of  Bengal.  The  works  are  about  140 
miles  distant  from  Calcutta.  Copper  ore  is  also  sent  from  Ulwar, 
where  it  is  found  in  one  or  two  places,  and  worked  under  the  direct 
management  of  the  state.  A  similar  sample  is  sent  from  Gara- 
manapeutah  in  Vellore,  as  well  as  some  small  specimens  from  the 
hills  of  Beloochistan. 

LEAD. — Of  lead  ores  there  is  but  a  small  show.  Specimens  of 
galena,  from  Rangoon,  Beloochistan,  Cathoor,  near  Cuddapah  and 
Kurnool.  Dr.  Scott  has  analyzed  the  ore  from  Cahoor,  on  the 
banks  of  the  Pennar,  near  Cuddapah,  and  reports  that  the  unwashed 
ore,  being  fused  with  carbonate  of  soda  and  nitrate  of  potash,  pro¬ 
duced  about  60  per  cent,  of  metallic  lead.  The  resulting  metal,  on 
being  cupelled,  furnished  a  bead  of  silver  equivalent  to  96*64  oz.  of 
silver  in  a  ton  of  ore,  or  165*76  oz.in  the  ton  of  metal.  This  result, 
however,  he  does  not  place  much  reliance  upon,  inasmuch  as  the 
silver  in  ores  of  this  description  is  so  unequally  distributed  that  the 


examination  of  a  small  specimen  cannot  be  considered  as  determinate 
for  the  average  yield  per  ton. 

ANTIMONY. — Sulphate  of  antimony  is  found  in  the  Salt  range, 
near  the  Keura  Salt  mine,  and  vast  quantities  of  antimony  have 
been  found  by  Major  Hay  in  the  Himalayan  ranges  of  Spite. 
Trisulphuret  of  antimony  is  imported  from  Cabul,  and  is  said  to  be 
found  in  small  quantities  in  the  Salt  range. 

TIN. — The  present  collection  fairly  represents  the  tin  ores  of  the 
localities  yielding  that  substance.  There  are  specimens  from  Trin- 
ganu,  Pattani,  Johore,  Sanwan,  Singie,  Pahang,  Kassang,  Malacca, 
Junk  Ceylon,  and  Province  Wellesley.  In  the  Malay  peninsula  the 
fuel  employed  for  the  reduction  of  these  ores  is  charcoal,  made  from 
the  compass  tree,  which  is  the  only  fuel  used.  In  most  cases  it  is 
obtained  on  the  spot,  but  as  the  jungle  has  all  been  cleared  around 
such  old  mines  as  those  of  the  valley  of  Kassang,  the  charcoal  has  , 
to  be  brought  from  a  distance  of  from  four  to  six  miles.  The  blast 
furnace,  Fig.  102,  is  about  six 
feet  high,  and  four  feet  in  dia¬ 
meter  at  the  mouth.  The  sides 
of  the  trunk,  A,  and  funnel  hole, 
b,  are  shaped  and  backed  with 
clay.  The  fused  metal  escapes 
from  the  cavity,  and  flows  into 
the  external  reservoir,  c,  whence 
it  is  ladled  into  moulds  shaped 
in  moist  sand.  The  trunk,  A, 
is  filled  with  charcoal,  and  com¬ 
bustion  accelerated  by  a  cylin¬ 
drical  blowing  machine,  worked 

by  eight  men,  of  which  the  nozzle  is  introduced  by  the  aperture,  D. 
When  the  whole  mass  is  brought  to  a  red  heat,  the  crude  ore  is 
sprinkled  on  the  top  of  the  burning  embers,  and  kept  constantly  fed 
by  successive  charges  of  charcoal  and  ore.  Each  charge  consists 
of  35^  hundredweights  of  washed  ore,  yielding  from  45  to  60  per 
cent,  of  metal. 

The  value  of  the  mining  operations  is  peculiar.  The  ground 
having  been  marked  out  and  cleared,  a  square  or  oblong  pit  is  sunk 
from  forty  to  eighty  feet  deep,  through  an  alluvial  deposit,  and  the 
ore  extracted  by  a  series  of  stream  work.  The  stanniferous  deposits 
occur  in  the  form  of  regular  beds,  in  which  the  oxide  of  tin  is  asso¬ 
ciated  with  coarse  sand  and  decomposed  quartz,  which  are  removed 
in  baskets  by  the  Chinese  coolies,  and  arranged  in  heaps  on  the 
surface,  exposed  for  a  month  or  two  to  sun  and  Tain.  The  washing 
is  conducted  in  wooden  gutters,  through  which  a  stream  of  water  is 
made  to  flow;  the  dirty  ore  is  thrown  into  coarse  wicker  baskets, 
immersed  in  the  trough  and  shaken  about;  the  metallic  ore  and  finer 
particles  of  sand  and  decomposed  quartz  are  washed  through  the 
crevices  of  the  baskets  into  the  wooden  trough,  through  which  the 
stream  of  water  flows,  and  is  there  kept  in  constant  motion  by  coolies 
with  spades,  by  which  means  all  the  dirt  and  lighter  particles  of 
sand  are  carried  off  by  the  stream,  and  the  heavy  metal  collected  in 
the  heap  when  the  flow  of  water  is  stopped.  The  metallic  ore  is 
then  carried  to  the  smelting  shed.  The  cost  of  the  ores  is  about 
50  per  cent,  of  the  reduced  metal.  About  128  tons  of  tin  are 
imported  annually  from  the  mines  of  the  Malay  peninsula  to  Singa¬ 
pore. 

GOLD. — The  specimens  of  gold  exhibited  are  chiefly  washings  from 
Rangoon,  from  the  fluvial  deposits  of  the  Shay  Gyeen,  and  the  Meh 
Tyne;  from  the  latter  locality  we  have  the  deposit,  and  the  gold  dust 
washed  therefrom.  There  are  three  samples  of  auriferous  sands 
from  Nar’s  river,  and  one  from  the  Dirjinoh  river  in  Assam.  Sand 
and  gold  dust  are  also  shown  from  Chota  Nagpore,  and  from  Cut¬ 
tack.  The  gold  dust  from  Chota  Nagpore  is  obtained  from  sand  in 
the  beds  of  rivers,  in  Maunbhoom  and  Palamow,  but  it  is  not  found 
in  large  quantities.  The  gold  dust  of  Jubbulpore  is  obtained  from 
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the  bed  of  a  small  stream  which  rises  in  the  Konye  range  of  hills. 
The  natives  state  that  they  never  get  more  than  four  annas  worth 
by  a  day’s  work,  and  would  consider  it  unlucky  if  they  did,  as  the 
goddess  who  is  supposed  to  make  it  would  then  leave  their  locality. 
Gold  is  found  in  small  scales  in  the  sandstone  of  the  Salt  range,  and 
also  in  small  quantities  in  the  sands  of  the  Indus  and  Sutlej.  A 
sample  is  forwarded  from  the  sands  of  the  Indus  at  Peshawur. 

SILVER. — All  the  silver  hitherto  discovered  is  diffused  through 
lead  ores,  the  greater  part  of  the  galenas  being  argentiferous. 
Reference  has  already  been  made  to  this  diffusion  of  silver  under 
the  remarks  upon  lead. 

MANGANESE. — Ores  of  manganese  are  not  uncommon  in  the 
Peninsula.  The  silicated  sesquioxide,  containing  more  than  50 
per  cent,  of  metallic  manganese,  is  found  in  Vizagapatam.  The 
peroxide  occurs  also  in  Cuddapah  and  Soondoor,  and  other  ores 
which  have  not  been  forwarded,  containing  good  percentages  of 
manganese,  occur  in  the  Neilgherries.  Many  of  the  iron  sands 
contain  an  admixture  of  this  metal,  but  the  sands  contributed  to  this 
Exhibition  have  not  yet  been  analyzed.  Dr.  Scott  tested  the  man¬ 
ganese  ore  of  Bimlipatam,  and  found  it  to  contain  30  per  cent,  of 
peroxide.  These  ores  have  been  economized  by  the  natives  in  the 
manufacture  of  glass  for  bangles  and  the  glazing  of  pottery.  It  is  to 
be  regretted  that  this  series  is  not  so  well  represented  as  it  might 
have  been. 

ARSENIC. — Arsenical  ores  are  confined  to  two  or  three  specimens 
of  native  sulphuret,  from  Rangoon. 

COAL. — The  coal  resources  of  India  are  fairly  represented  in  the 
present  Exhibition.  There  is  an  excellent  series  of  coals  sent  by 
Professor  Oldham,  Director  of  the  Geological  Survey  of  India, 
which  may  be  accepted  as  types  of  the  principal  Indian  coal 
fields.  From  the  mines  in  the  Singaran  valley,  specimens 
are  shown  from  Chokidanga,  Toposi,  Mangulpur,  Ilarispur,  and 
Babusol.  The  colliery  at  Chokidanga  was  established  in  1834. 
The  seam  of  coal  is  15-^  feet  in  thickness,  and  the  average  annual 
yield  of  the  last  three  years  has  been  300,000  maunds.  At  Toposi 
a  seam  of  22  feet  is  worked,  and  last  year  300,000  maunds  of  coal 
were  raised.  Mangulpur  is  a  long  established  colliery,  where  a  seam 
of  15^-  feet  (including  9  inches  of  shale)  is  worked,  and  yields  an¬ 
nually  a  million  maunds  of  coal.  Babusol  and  Madhubpur,  or 
Ilarispur,  are  situated  in  the  lower  portion  of  the  Singaran  stream, 
and  are  the  most  eastern  collieries  of  the  field;  they  unitedly 
yielded  524,000  maunds  of  coal  during  last  year.  The  Central 
Ranigunje  coal-field  is  represented  by  specimens  from  Itanigunje, 
Rogonathchuk,  Bhangaband,  and  Bansra.  Mines  were  actually 
worked  in  the  Raniganj  field  as  long  since  as  1777.  This  field  is 
an  important  one,  not  only  for  its  extent,  but  its  position.  It  lies 
at  a  distance  of  from  120  to  160  miles  north-west  of  Calcutta. 
The  area  as  at  present  ascertained  is  about  500  square  miles.  The 
most  extensive  workings  are  Ranigunje,  near  the  Damuda  river. 
The  entire  seam  is  13  feet  in  thickness,  divided  by  a  band  of  shale 
into  two  seams  of  9  and  3  feet.  From  each  of  these  specimens 
are  sent.  The  Ranigunje  workings  yielded  1,000,000  maunds  in 
1800-1.  Rogonathchuk  is  on  the  banks  of  the  Damuda,  and  is 
one  of  the  oldest  collieries  in  the  field.  The  seam  is  12 J  feet  in 
thickness.  Bhangaband  is  in  the  same  neighbourhood,  and  yields 
annually  about  a  quarter  of  a  million  maunds.  At  Bansra  the 
seam  is  about  7  feet  thick.  Of  the  mines  in  the  Nunia  valley  there 
is  a  deficiency  of  samples.  Those  in  the  eastern  division,  thirteen 
collieries  in  all,  are  unrepresented;  those  in  the  western  known 
only  by  a  specimen  from  Futtipur,  on  the  Grand  Trunk  road.  The 
bed  here  is  of  10  feet  thickness  and  excellent  quality.  From 
neighbouring  mines  specimens  are  shown  from  Ilahinal  in  the  west 
of  the  Ranigunje  field,  near  the  confluence  of  the  Barakar  and 
Damuda ;  from  Chinakuri  on  the  Damuda,  not  far  from  Hahinal ; 
from  Dumarkhunda  to  the  west  of  the  Barakar;  and  from  Kastae  in 


the  extreme  north  of  the  Ranigunje  coal-field.  The  out-turn  at  the 
colliery  of  Chinakuri  is  not  less  than  three  and  a  quarter  millions 
of  maunds  annually.  At  Kastna  there  is  a  seam  of  upwards  of  30 
feet  in  thickness,  which  is  worked  in  open  quarries.  The  specimen 
sent  is  from  the  lower  11  feet  of  this  seam.  The  produce  of  all 
these  fields  is  not  less  than  320,000  tons  per  annum. 

The  coal  in  the  Lower  Damuda  is  frequently  found  intersected 
with  basaltic  trap,  and  in  most  cases  the  structure  of  the  coal  is 
entirely  changed.  The  coal  becomes  prismatic  or  columnar,  and 
this  may  be  seen  over  large  areas.  The  columns  are  often  not 
more  than  half  an  inch  in  diameter,  and  so  completely  separated 
that  it  is  difficult  to  procure  a  specimen  which  will  show  more  than 
one  single  prism.  A  specimen  of  coal  rendered  thus  columnar  is 
shown  by  Professor  Oldham. 

The  following  table  represents  the  relative  value  of  the  dif¬ 
ferent  coals  of  which  specimens  are  shown  from  the  coal-fields  of 
Bengal: — 


Name. 

Thickness  of 
Seam  in  Feet. 

Composition  of  Coal. 

Carbon. 

Volatile 

Matter. 

Ash. 

Kurhurbalee,  .... 

7  to  1G 

66-70 

24-80 

8-45 

Futtehpur, . 

10 

63-80 

25-00 

11-20 

Dumarkunda,  .... 

10 

62-40 

22-60 

15-00 

Kastna, . 

30 

61-40 

28-00 

10-60 

Chokidanga,  .... 

lo£ 

£6-80 

34-00 

9-20 

Chinakuri, . 

10£ 

53-20 

35'50 

11-30 

Hattinal,  .... 

11 

52  60 

33-00 

14-40 

Madubpore  (Ilarispur),  . 

17 

51-10 

35-40 

13-50 

Ranigunje, . 

9 

50-80 

36-00 

13-20 

Do . 

3 

50-30 

36-30 

13-40 

Toposi, . 

22 

49-20 

35-40 

15-40 

Bansra, . 

13 

47-00 

40-00 

13  00 

Rogonathchuk,  .  .  . 

10£ 

46-90 

35-00 

18-10 

Babusol, . 

17 

46-00 

35-40 

18-60 

Chilgo, . 

5 

45'50 

43-50 

1100 

Oormoo, . 

7  and  3 

45-00 

44-60 

10-40 

Panchiyni, . 

7 

44-20 

34-10 

21-70 

Manga]  pur, . 

15£ 

43-90 

38  40 

17-70 

Bankijora, . 

19 

43-50 

42-00 

14-50 

Banali, . 

12 

42-60 

44-20 

13-20 

Bhangaband,  .... 

7 

40-30 

28-40 

31-30 

Bhorah, . 

17 

25-20 

37-20 

3760 

Of  the  collieries  in  the  Rajinahal  hills,  those  in  the  neighbour¬ 
hood  of  Brahmini  Nuddi  are  represented  by  a  specimen  from 
Panchbynee,  in  the  extreme  south  of  the  hills ;  those  near  Banshi 
Nuddi  by  specimens  from  Oormoo,  Chilgo,  and  Bankijora.  These 
are  often  spoken  of  together  as  the  Alubera  collieries.  At  Oormoo 
the  seam  is  10  feet,  at  Chilgo  5  feet,  and  at  Bankijora  19  feet  in 
thickness.  The  field  on  the  north  and  north-west  of  the  hills  is 
represented  by  a  specimen  from  Bhorah.  There  are  also  speci¬ 
mens  from  the  Khurhurbari  coal-field  and  from  Bareilly.  The 
districts  of  Palamow,  Ivhasia  hills,  Singrowli,  and  Scinde  are  unre¬ 
presented.  The  amount  of  coal  raised  in  the  Singrowli  coal-field  is 
small ;  coal  is  known  to  exist  in  a  westward  direction  from  this  bed 
towards  Singhpoor,  but  no  collieries  are  yet  established.  The 
Nerbudda  valley  also  contains  coal,  of  which  three  specimens  are 
sent  from  Mohpanee  in  Nursingpore.  The  coal  in  this  locality 
forms  a  strip  or  band  of  irregular  width  along  the  foot  of  the 
Puchmurree  hills.  There  are  three  seams  at  Mohpanee  of  10  feet, 
6  feet,  and  3  feet  6  inches  respectively.  These  mines  have  been 
leased  to  the  Nerbudda  Coal  and  Iron  Company,  and  will  soon  be 
worked.  Workable  coal  is  not  known  to  exist  in  any  other  of  the 
north-western  provinces.  Lignite,  in  small  and  irregular  beds, 
has  been  met  with  in  some  few  localities,  but  nowhere  sufficiently 
extensive  to  render  them  noteworthy.  In  Oude  and  the  Punjaub 
no  coal  has  been  found,  with  the  exception  only  of  small  patches  of 
lignite.  In  Scinde  only  one  attempt  has  been  made  to  raise  coal, 
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but  the  bed  was  so  small  and  irregular  that  it  has  been  abandoned. 
No  coal  is  known  to  occur  in  the  Bombay  presidency.  In  Nagpore 
there  is  a  small  coal-field  on  the  border  of  the  Nerbudda  district. 
In  Madras  nothing  but  black  shales  incapable  of  supporting  com¬ 
bustion,  have  been  discovered,  although  it  has  more  than  once  been 
declared  that  coal  has  been  found.  The  whole  amount  of  coal 
raised  in  all  parts  of  India  during  the  year  I860,  was  ten  millions 
of  maunds,  or  about  370,000  tons. 

The  Talcheer  coal  of  Cuttack  is  scarce  deserving  more  than  an 
incidental  notice.  The  examination  of  two  picked  samples  gave 
the  following  results : — 


Specific  gravity, 
Gaseous  matter, 

.  1-42 

.  36  90 

1775 

Water, 

.  3'25 

14  37 

Carbon,  . 

.  5175 

3563 

Ash, 

.  8-10 

32-25 

but  the  results  of  practical  application  of  the  Talcheer  coal  has  not 
been  so  satisfactory  as  the  analysis  would  lead  us  to  anticipate. 

PETROLEUM. — Petroleum  is  sent  from  Yuynanyoung  in  Burmah, 
but  although  the  supply  is  unlimited,  the  price  is  high,  as  the  mono¬ 
poly  is  in  the  hands  of  the  king.  A  similar  product  is  forwarded  from 
Assam,  but  without  more  definite  information  of  the  precise  locality. 
A  kind  called  Cheduba  petroleum  is  sent  from  Akyab,  where  it  is  used 
by  the  natives  for  burning  in  lamps,  and  varnishing  the  bottoms  of 
boats.  In  the  island  of  Ramree  there  are  thirteen  wells,  in  Cheduba 
twenty-two  wells.  Each  well  produces  about  two  maunds  per 
season,  the  aggregate  produce  of  all  the  wells  being  seventy  maunds 
per  annum.  The  produce  might  be  increased  by  digging  more 
wells:  the  petroleum  is  thick  and  dark  coloured.  A  clear,  bright, 
limpid,  sherry -colon red  naphtha  is  also  obtained  in  the  island  of 
Ramree,  but  there  are  only  two  wells,  and  the  produce  of  these  is 
not  more  than  fourteen  maunds  each  per  annum.  Neither  the 
petroleum  nor  the  naphtha  is  exported,  and  the  supply  seems  to  be 
very  limited. 

PLUMBAGO. — That  hitherto  obtained  from  Indian  localities,  has 
scarcely  been  of  a  quality  sufficiently  fine  for  pencils,  but  would  be 
available  for  crucibles:  the  demand  for  it  for  such  purposes  being  on 
the  increase,  it  will  not  be  uninteresting  to  learn  that  specimens  have 
been  sent  from  a  mine  discovered  last  year  at  Goorgaon.  It  is 
found  in  masses  of  variable  sizes,  and  in  general  quite  detached. 
In  some  cases  the  rock  all  round  is  full  of  plumbago,  mixed  with 
small  micaceous  particles.  Provisions  are  being  made  for  a  further 
and  more  minute  examination  of  this  deposit.  This  mineral  is  also 
contributed  from  Vizagapatam  and  Malacca. 

SULPHUR.— Sulphur  is  also  forwarded  from  two  or  three  locali¬ 
ties,  amongst  which  may  be  named  the  Hala  mountains,  west  of  Gun- 
dava,  and  the  mines  near  Shorun  in  Beloochistan. 

AMBER. — There  are  some  manufactured  articles  of  amber  of 
excellent  quality,  but  the  crude  material  sent  is  unworthy  of 
notice. 

ROCKS  OR  BUILDING  STONES. — The  rock  specimens  are  not 
numerous,  and  this  is  less  to  be  regretted  as  the  materials  they 
represent,  however  excellent  and  useful  locally,  would  be  of  little 
service  for  export.  Porphyritic  and  felspathic  granites  are  shown 
from  Shahabad,  and  limestones  from  Jubbulpore,  Chota  Nagpore, 
Cheynepore,  and  the  Rohtas  range.  A  small  specimen  of  an  excel¬ 
lent  alabaster  is  exhibited  from  Jacobabad,  and  a  quantity  of  rock 
formations  without  locality  or  information  of  any  kind,  the  papers 
accompanying  them  having  apparently  been  mis-sent. 

Amongst  the  slate  series  are  some  hone-stones  from  Chittledroog 
and  North  Arcot,  and  what  is  known  locally  as  Moongnee  stone, 
which  seems  to  be  a  kind  of  chlorite  slate  or  Potstone.  This  stone, 
when  quarried,  is  soft  and  easily  worked,  but  soon  becomes  hard, 


black,  and  bright.  It  is  locally  employed  for  the  manufacture  of 
utensils,  idols,  and  carved  figures  generally.  It  is  extensively 
quarried  at  Arissa. 

Stone  greatly  resembling  German  lithographic  stone  is  sent  from 
Shahabad  by  Mr.  Bingham,  who  writes  that  he  had  stones  for  litho¬ 
graphic  purposes  cut  from  it,  and  it  was  similarly  employed  in  the 
offices  of  the  surveyor-general.  It  answered  admirably  for  the 
purpose,  but  must  be  freshly  quarried  or  it  chips,  as  after  exposure 
to  the  air  it  grows  intensely  hard,  and  can  then  only  be  sawn  into 
shape.  This  discovery  is  of  importance,  as  hitherto  no  stone  suitable 
for  lithographic  purposes  has  been  found  in  India. 

POTSTONE. — A  substance  called  “  iudurated  potstone”  is  deserv¬ 
ing  of  notice.  It  has  been  forwarded  from  Shahabad,  where  it 
is  employed  for  ornamental  work.  It  is  hard,  capable  of  a  high 
polish,  and,  moreover,  deserves  to  be  better  known,  as  it  is  evidently 
applicable  to  a  variety  of  ornamental  purposes  for  which  it  has 
not  as  jrnt  been  called  into  requisition. 

COEUNDUM  AND  EMERY. — Those  exceedingly  useful  minerals, 
corundum  and  emery,  especially  the  former  variety,  occur  in  at  least 
thirty  different  localities  in  the  Presidency  of  Madras.  Excellent 
qualities  may  be  procured  from  Salem,  Guntoor,  Nuggur,  and  Coim¬ 
batore.  Both  kinds  are  frequently  found  associated  together,  as  at 
Salem,  Nuggur,  and  Nellore.  The  samples  sent  over  for  this  exhi¬ 
bition  do  not  fairly  represent  the  produce  of  the  country.  They 
are  largely  employed  by  the  natives  in  working  and  polishing  gems, 
although  not  exported  to  any  considerable  amount. 

GEMS.— The  more  valuable  gems  which  accompanymiuerals  of  the 
corundum  kind,  such  as  the  rub}*,  sapphire,  spinel,  beryl,  and  garnet, 
although  found  in  India  and  exhibited  freely  in  local  collections, 
do  not  form  a  feature  in  the  present  exhibition.  There  is,  however, 
an  excellent  series  of  ornamental  stones  and  articles  of  bijouterie 
manufactured  from  them,  partly  shown  at  Kensington,  and  partly  in 


Fig.  103. 


Vases,  &c.,  in  crystal,  in  Indian  court. 


Whitehall  yard.  This  series  includes  the  agates,  cornelians,  &c.7in 
the  manipulation  of  which  the  lapidaries  of  Cambay  are  so  famous, 
together  with  pebbles  and  rock  crystal  from  other  localities.  The 
visitor  to  the  Indian  Department  will  view  with  surprise  the  contents 
of  almost  the  first  case  which  he  encounters,  and  which  contains 
examples  of  native  trinkets,  in  crystal  and  jade,  wrought  and  polished 
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by  the  simple  tools  of  the  native  Indian  lapidaries.  In  the  preceding 
engraving,  Fig.  1G3,  we  have  shown  a  beautiful  group  of  vases  in 
crystal.  The  principal  portion  of  these  articles  are  finely  engraved 
with  elaborate  geometric  designs.  The  workmen  of  Cambay 
operate  upon  numerous  stones  obtained  in  their  own  neighbourhood, 
as  well  as  from  a  distance — Heliotrope  or  bloodstone,  from  the 
Bungand  hills ;  jamma  and  sown  laju,  or  agates  and  moss  agates, 
from  the  territories  of  the  Rajah  of  Moorvi ;  phutnesat  or  rock 
crystal  from  Tunkaria;  and  charm  or  cornelians  from  Bowa  Abbas 


l'ig.  104. 


Vases,  &c.,  in  jade,  jewelled  and  plain,  in  the  Indian  court. 


and  Bowa  Gore  hills.  In  addition  to  these,  pebbles  are  exhibited 
from  the  Nerbudda  and  Soane  rivers ;  from  the  Barielli,  and  other 
rivers  of  Assam,  lapis  lazuli  (probably  from  Persia),  jasper  and 
jade.  Probably  the  finest  collection  of  manufactures  in  jade,  Fig. 
104,  have  been  sent  from  Calcutta,  unfortunately  some  of  them 
damaged  in  the  transit,  consisting  of  boxes,  cups,  bowls,  jugs,  trays, 
sword  and  dagger  handles,  thumb  and  finger  rings,  &e.  The 
accompanying  engraving,  Fig.  104,  represents  a  group  of  vases  in 
jade.  The  surfaces  of  some  of  these  beautiful  works  of  art  are 
ornamented  with  jewels,  and  in  other  cases  are  carved  and  wrought 
so  as  to  form  elegant  devices.  In  this  branch  of  decorative  art, 
the  native  artists  of  India  display  a  remarkable  amount  of  ingenuity, 
as  well  as  patient  skill.  The  case  containing  these  should  be  looked 
upon  as  a  monument  in  honour  of  the  patience  and  industry  of 
Indian  artists. 

SOAPSTONE. — In  connection  with  the  above,  the  manufactures  in 
soapstone  may  be  mentioned.  They  are  chiefly  from  Agra,  and 
viewed  as  art  subjects  merely,  are  superior  to  anything  of  the  kind 
before  sent  to  this  country.  A  few  other  examples  of  working  in 
stone  are  shown,  but  these  consist  mainly  of  domestic  utensils  in 
marble. 

CLAYS. — Pottery  clays  are  abundant  in  Bangalore,  and  although 
samples  of  the  clay  have  not  been  sent,  there  are  a  few  typical 
specimens  of  the  pottery  produced  from  them.  A  pure  porcelain 
clay,  convertible  into  a  good  white  ware,  is  found  in  great  quantities 
in  Bangalore,  and  may  be  had  for  the  trouble  of  picking  it  up. 
A  buff  clay  of  good  quality,  and  a  brown  potters’  clay  abound. 
These,  combined  with  felspar  grit,  are  now  manufactured  into 


drain  pipes,  &c.,  by  the  prisoners  at  Bangalore  Industrial  Convict 
School,  which  establishment  has  been  in  existence  only  about  six 
months;  and  one  of  its  chief  objects  seems  to  have  been  the  utiliza¬ 
tion  of  the  vast  quantities  of  clays  which,  though  so  abundant,  had 
never  before  been  turned  to  account. 

Excellent  clays  abound,  of  which  the  following  are  amongst  the  best : 
— White  plastic  clay,  resembling  the  ball  clay  of  the  English  potter, 
may  be  procured  at  Chingleput,  Pelaveram,  Conjeveram,  Cuttapau- 
kum,  Cuddalore,  Cuddapah,  Coringa,  and  the  Neilgherries.  Tough 
yellow  clay  is  plentiful  on  the  Red  Hills,  Poonamallee,  Chingleput, 
and  Cochin.  Greyish-white  clay  at  Bangalore,  Tilaveram,  Sireeper- 
matoor,  and  the  Neilgherries.  Red  clays  at  Burmah  and  the  Guntoor 
:  districts.  True  fire  clays  at  Chingleput,  Cuddapah,  and  Tripasore. 

Clunch  at  Madras,  roonamallee,  &c.  Examples  of  these  from  some 
;  of  the  localities  are  exhibited  by  Dr.  Alexander  Hunter  of  Madras, 
and  others.  Specimens  of  black  and  white  clay  are  shown  from 
South  Arcot  and  the  Nizam’s  territories.  These  are  employed 
locally  for  the  manufacture  of  potter}'.  Fire  clays,  brick  clays, 
and  clays  for  hydraulic  cements  are  forwarded  from  Singapore, 
and  there  are  bricks  of  which  no  English  manufacturer  need  be 
|  ashamed. 

KAOLIN  may  be  obtained  readily  at  Arcot,  Hyderabad,  Bim- 
lapatam,  Caddapah,  Bangalore,  Chittoor,  Madura,  Cochin,  &c. ; 
but  this  substance  is  very  little  used  in  India,  on  account  of  the 
ignorance  of  the  natives  as  to  the  best  methods  of  combining  and 
firing  it. 

PIGMENTS. — Of  miscellaneous  contributions  not  coming  within 
the  foregoing  groups  there  are  paleontological  and  other  specimens 
from  the  survey  under  the  direction  of  Professor  Oldham ;  earths 
employed  as  pigments,  such  as  chalk  coloured  by  the  presence  of 
oxide  of  iron  ;  fullers’  earth,  gypsum,  sulphate  of  barytes,  chalk, 
grit,  chert,  and  sandstone,  including  flexible  sandstone  from  Dar¬ 
jeeling  ;  mica,  talc,  and  materials  employed  for  the  production 
of  lime ;  and  lastly,  the  saline  earths,  and  chemical  products 
obtained  from  saline  efflorescence. 

SALT. — The  salt  series  of  the  present  collection  is  rather  an 
extensive  one,  and  contains  samples  from  various  localities;  the 
majority  of  these  are  obtained  by  solar  evaporation.  Salt  is  also 
shown  from  the  mines  of  the  Salt  range.  There  are  five  mines 
worked  by  Government  in  this  range,  one  at  Kalabugh,  across  the 
Indus,  and  several  in  the  Ivohat  district,  and  the  supply  would  seem 
to  be  almost  inexhaustible.  The  revenue  derived  from  the  excise 
on  salt  amounts  to  £280,000.  It  is  now  fixed  at  three  rupees  per 
maund  (80  lbs.),  or  about  one  penny  per  lb. 

SALTPETRE  AND  SULPHATE  OF  IRON,  the  former  obtained 
from  a  saline  efflorescence,  and  the  latter  from  the  mineral  sulphate 
of  the  Kymore  range,  belong  rather  to  Class  II.  The  same  may 
be  said  of  the  numerous  mineral  waters  which  have  been  contri¬ 
buted  from  Jubbulpore,  Assam,  &c. 

SHALE.  —  Specimens  are  exhibited  of  a  black  shale  found 
principally  at  Kalabag  on  the  Indus,  from  which  alum  is  manu¬ 
factured  by  a  process  very  similar  to  the  English  method.  An 
average  of  430  tons  are  annually  sold  of  the  alum  produced  from 
this  shale. 

TINCAL  OR  CRUDE  BORAX  is  chiefly  the  produce  of  Thibet, 
whence  large  quantities  annually  find  their  way  to  Calcutta,  and 
are  shipped  for  England.  The  earth  in  some  parts  of  Thibet  is 
impregnated  with  this  salt.  Large  masses  are  obtained  from  the 
vicinity  of  Lake  Pelta,  and  it  is  said  that  a  lake  exists  still  one 
hundred  miles  further,  near  to  which  a  supply  even  more  abun¬ 
dant  may  be  found.  Although  not  a  product  of  India  proper, 
this  substance  is  generally,  as  in  this  instance,  associated  with 
the  mineral  produce  of  India,  on  account  of  its  commercial  impor¬ 
tance,  and  the  fact  of  India  being  the  medium  through  which  it  is 
supplied. 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  18C2. 


77 


THOBEE’S  EARTH. — Thobee’s  earth  is  a  sanity  efflorescence,  con¬ 
taining  about  25  per  cent,  of  crude  carbonate  of  soda.  The  Vellore, 
Cuddapah,  Chingleput,  and  other  southern  districts  yield  this  earth 
ip  great  quantities.  It  accumulates  on  the  surface  of  the  soil  after 
the  rainy  season,  and  is  exceedingly  useful  in  many  branches  of 


of  building  materials  to  be  seen,  or  that  there  is  any  great  novelty, 
or  any  marked  improvement  to  be  observed  in  the  ones  which  are 
present ;  but  perhaps  even  the  deficiencies  it  may  be  desirable  to 
indicate  may,  for  that  very  reason,  furnish  lessons  for  the  future 
guidance  of  the  directors  of  these  Exhibitions. 


native  manufacture. 

From  this  brief  survey  it  will  be  seen  that  India  has  been  fully 
alive  to  the  importance  of  her  mineral  resources;  has  exhibited 
freely  those  which  are  of  primary  importance  to  herself  or  to  the 
nation  with  which  she  is  now  so  intimately  associated  ;  and  it  is  to 
be  hoped  that  at  the  close  of  the  Exhibition  these  contributions  will 
be  transferred  to  the  India  Museum,  there  to  form  the  nucleus  of  a 
collection  illustrative  of  the  entire  mineral  resources  of  India,  which 
may  have  any  local  or  general  economic  value. 


For  the  purposes  of  classification,  it  seems  that  building  materials 
may  be  grouped  under  the  following  divisions,  corresponding  with 
the  order  of  their  application  in  ordinary  buildings  rather  than  with 
anjr  natural  or  technical  arrangement.  They  consist,  in  fact,  of — 


1.  Bricks,  pipes,  &c. 

2.  Stones,  marbles  and  granites. 

3.  Lime,  cements,  &c. 

4.  Plasters,  stuccos,  &c. 

5.  Slates  and  tiles. 

6.  Terra  cotta,  faence,  &c. 

7.  Woods  for  carpentry. 


8.  Woods  for  joinery  and  furniture. 

9.  Iron — wrought,  cast,  and  gal¬ 
vanized. 

10.  Copper  and  its  alloys,  lead,  &c. 

11.  Zinc,  aluminium,  &c. 

12.  Leather  and  paper  hangings. 

13.  Miscellaneous. 


3-BUILDING  MATERIALS. 


By  Geo.  R.  Burnell,  Esq.,  C.E.,  F.G.S. 


ONE  but  those  who  habitually  practise  an 
art,  can  be  aware  of  the  nature  and 
the  extent  of  the  influence  of  the  raw 
materials  its  professors  are  obliged  to 
employ,  upon  the  external  expression 
of  the  art  itself;  and,  indeed,  it  requires 
rather  a  subtle  analysis  of  the  workings 
of  human  genius,  before  due  importance 
can  be  assigned  to  the  accidental  or 
local  peculiarities  to  which  that  genius 
may  be  subjected.  Yet  even  a  very 
cursory  glance  at  the  history  of  the  building  arts  must 
suffice  to  show  that  their  various  phases  have  depended, 
in  a  degree  only  inferior  to  those  connected  with  social 
and  religious  institutions,  upon  the  materials  the  nations  which  have 
in  turn  carried  forward  the  torch  of  civilization  have  habitually 
employed.  The  porphyries  and  granites  of  Egypt ;  the  bricks  and 
alabasters  of  Assyria;  the  rocks  of  India  ;  the  marbles  of  Greece  ;  the 
bricks  and  pozzuolanos  of  Rome;  the  small  rubble  masonry  of  the 
middle  ages;  the  large  ashlar  stones  of  modern  France  and  Italy; 
the  bricks  of  England,  Holland,  Belgium,  &c.;  and,  now,  the  appli¬ 
cation  of  iron  in  its  various  forms — have  each  and  all  impressed  upon 
the  monuments  of  different  nations  the  peculiarities  of  their  soil.  Pro¬ 
bably  the  forms  of  government,  the  distribution  of  property,  and  the 
modes  of  faith  of  the  different  nations,  have  been  more  potent  than 
this  mechanical  cause  in  producing  the  spirit  of  the  successive  schools 
of  art ;  but  the  forms  those  schools  adopted,  mainly  resulted  from  the 
more  or  less  plastic  nature  of  the  materials  they  employed,  and  it 
would  be  impossible  to  understand  the  reasons  which  led  to  their 
adoption,  unless  the  physical  characteristics  of  the  materials  were  con¬ 
sidered.  One  class  of  stone  is  fitted  for  what  may  be  styled  a  recti¬ 
lineal  form  of  art,  another  for  vaulted  construction  ;  brick- work  must 
perforce  be  executed  upon  very  different  principles  from  those  which 
regulate  the  applications  of  timber,  and,  in  sober  literal  truth — 

“The  artist’s  nature  is  subdued 
To  what  it  works  in,  like  the  dyer’s  hands.” 

An  inquiry,  therefore,  into  the  qualities  of  the  material  elements  at 
the  disposal  of  the  architect,  engineer,  and  builder,  in  so  far  as  they 
are  represented  in  the  International  Exhibition,  must  form  an  essen¬ 
tial  part  of  any  record  of  that  great  illustration  of  the  world’s  progress 
in  the  arts  of  civilized  life.  It  is  not  that  there  is  a  large  assortment 


Such  articles  as  caoutchouc,  gutta  percha,  the  various  oils,  colours, 
and  the  applications  for  the  preservation  of  the  more  perishable 
materials,  will  be  treated  of  under  the  title  of  “miscellaneous.” 

BRICKS  AND  PIPES. — It  really  would  seem,  from  the  number 
of  articles  of  this  class,  that  the  abolition  of  the  excise  upon  bricks 
is  at  last  producing  its  natural  effect  upon  this  important  branch 
of  manufacture ;  for  the  skill  and  fancy  displayed  by  some  of  the 
exhibiters  on  this  occasion  far  exceeds  anything  which  was  to  be 
found  in  the  Exhibition  of  1851,  when  the  fiscal  interferences  with 
the  brick-making  trade  still  prevailed.  Hollow,  moulded,  and 
coloured  bricks;  moulded  chimney  pots;  pipes  of  all  kinds,  either 
in  common  earthenware  or  in  stoneware;  are  to  be  observed  in 
great  variety,  and  they  furnish  the  architect  with  a  simple  and 
inexpensive  decorative  material,  susceptible  of  producing  effects 
of  the  highest  order,  whether  of  colour  or  of  outline.  Thus,  in 
the  collection  exhibited  by  Messrs.  Eastwood  (Class  X.,  No.  2271) 
are  to  be  found  plain  and  moulded  bricks,  either  of  a  white,  a 
light  buff,  a  deep  red,  or  a  black  colour,  with  bearing  surfaces, 
be  it  observed,  of  a  much  truer  nature  than  those  of  ordinary 
stock  bricks,  while  it  may  also  be  suspected  that  the  chemical 
nature  of  the  lighter-coloured  varieties  is  such  as  to  facilitate 
their  adhesion  to  the  mortar,  on  account  of  the  free  silica  they 
contain.  There  are  also  in  this  collection  some  curious  specimens 
of  burnt  earthenware  ridges,  tiles,  paving  tiles,  malting  tiles,  &c., 
which  may  be  noticed  here,  somewhat  out  of  season,  but  in  order  to 
avoid  repetition.  Mr.  Arthur  Helps  has,  under  No.  2297,  a  very 
interesting  series  of  specimens  of  the  products  of  a  factory  recently 
established  for  working  the  drift  or  boulder  clays  occurring  near 
the  outcrop  of  the  chalk  in  the  Hampshire  basin.  And  here  it  may 
be  added,  that  the  same  description  of  clay  is  to  be  found  in  the 
neighbourhood  of  London — at  Catherham,  for  instance;  and  that  it 
would  be  very  easy  to  supply  the  London  market  with  goods  of  at 
least  equal  quality  to  those  Mr.  Helps  exhibits,  from  that  source. 
Messrs.  Maw,  under  Nos.  2317  and  2318,  exhibit  a  series  of  archi¬ 
tectural  clay  manufactures,  consisting  of  paving  tiles  of  various 
descriptions,  susceptible  of  being  used  for  wall  decorations,  of 
copings,  corbels,  ridges,  roof  crestings,  mouldings,  projecting  gutters, 
drain  pipes,  vases,  step  bricks,  balustrading,  rebated  and  flue  bricks, 
pressed  and  moulded  bricks  for  walls,  arches,  windows,  jambs,  gables, 
plinths,  cornices,  &c. ;  and  from  the  examples  exhibited,  Messrs. 
Maw  seem  to  be  able  to  produce  vitrified  colours  on  the  face  of  their 
wares  of  the  most  brilliant  and  permanent  description  :  it  will  be 
necessary  to  revert  to  the  encaustic  and  enamelled  tiles  of  Messrs. 
Maw’s  collection  in  the  sequel.  The  Architectural  Pottery  Com¬ 
pany,  of  Poole,  in  Dorsetshire;  Mr.  Robert  Brown,  of  Surbiton, 
Surrey;  Mr.  Garratt,  of  Tunstall,  Staffordshire;  Mr.  Norman,  of 
Burgess  Hill,  Suffolk;  and  Mr.  Stutter,  of  Woolpit,  Suffolk,  exhibit 
other  samples  of  bricks  and  similar  wares  of  singular  beauty,  and 
indicating  a  greatly  improved  application  of  the  arts  of  design  to  this 
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branch  of  construction;  the  white  Suffolk  bricks  from  Woolpit, 
especially,  are  worthy  of  the  architect’s  notice,  not  only  on  account 
of  their  colour,  but  also  of  their  hardness,  and  of  their  powers  of 
resistance  to  atmospheric  influences.  The  pierced  bricks,  somewhat 
like  the  Suffolk  bricks  in  colour,  made  and  exhibited  by  the  Arlsey 
Company  (No.  2237),  are  no  doubt  of  great  value  for  walling  pur¬ 
poses  in  some  positions ;  but  it  is  essential  that  the  architect,  who 
may  be  tempted  by  their  low  price,  should  recollect  that  in  conse¬ 
quence  of  the  powers  of  absorption  of  all  these  pierced  bricks,  they 
exercise  a  very  injurious  influence  upon  the  mortar  used  in  con¬ 
nection  with  them.  In  fact,  they  abstract  from  the  mortar  the  water 
required  for  the  crystallization  of  the  lime,  and  they  thus  leave  it  in 
the  state  of  a  pulverulent  mass,  utterly  without  coherence,  and  when 
either  the  gault  or  the  blue  lias  clays  are  used  in  the  manufacture  of 
the  bricks,  another  source  of  danger  is  to  be  feared,  viz.,  that  the 
carbonate  of  lime  diffused  through  those  clays  may  be  simply  reduced 
to  the  state  of  the  caustic  lime,  which  would,  and  sometimes  actually 
does,  swell  in  slacking  when  placed  in  a  building.  For  these  reasons 
the  Suffolk  bricks,  and  we  also  think  Fayle’s  white  bricks  from  near 
Corfe  Castle  (2279),  would  be  found  in  practice  to  be  better  and 
safer  than  any  of  the  pierced  white  bricks  in  the  Exhibition. 

The  earthenware  pipes,  and  the  fire  clay  and  stoneware  goods, 
for  constructive  and  for  manufacturing  purposes,  are  of  a  very 
superior  character,  and  they  manifest  a  great  improvement  since  the 
period  of  the  last  Exhibition,  especially  in  the  substitution  of  the 
felspar  glaze  to  the  stoneware,  instead  of  the  salt  glaze  then  employed 
upon  the  stoneware  goods.  Messrs.  Cliff  and  Sons  exhibit,  under 
No.  2259,  a  very  striking  series  of  fire-clay  retorts,  bricks  both 
plain  and  moulded,  pipes,  chimney  tops,  and  architectural  ornaments. 
Mr.  Cowan  (No.  2265)  exhibits  the  same  class  of  wares,  of  equal 
quality,  and  made  with  equal  skill,  so  far  at  least  as  the  mechanical 
execution  is  concerned ;  for  there  is  a  singular  want  of  artistic  feeling 
amongst  the  majority  of  the  producers  of  the  fire-clay  wares.  Messrs. 
Fayle  and  Company  (No.  2279),  Fishe  (No.  228i),  Fison  (2282), 
Ingliam  (2302),  William  Jones  (2306),  Lucas  (2312),  Stephenson 
(2344),  also  have  sent  some  excellent  samples  of  the  application  of 
the  ceramic  art  to  the  ordinary  purposes  of  trade ;  and  so  varied  are 
the  forms,  sharp  and  distinct  the  outlines,  of  the  fire-clay  goods,  that 
it  must  be  a  matter  of  regret  to  find  that  architects  should  be  so  slow 
to  adopt  them.  Mrs.  Paine  (2325),  has  also  exhibited  some  very 
beautiful  works  in  the  form  of  vases,  bricks,  pipes,  &c.,  obtained  from 
the  silica  beds  of  the  chalk  marl  near  Farnham,  to  which  attention 
may  especially  be  called,  on  account  of  the  new  application  they 
illustrate  of  a  material  hitherto  neglected.  The  terro-metallic  tiles 
of  Mr.  Peake  (2328)  may  also  be  referred  to  ;  but  in  this  particular 
department  of  the  brick-making  trade  there  is  little  of  importance,  nor 
can  it  be  said  to  be  so  well  represented  in  the  Exhibition  as  it 
deserves  to  be.  Messrs.  Doulton  of  Lambeth,  and  Messrs.  Cliff, 
display  some  singularly  beautiful  specimens  of  glazed  stoneware 
pipes,  sewer  blocks,  filters,  bottles,  and  chemical  utensils ;  and 
amongst  them  the  attention  of  the  members  of  the  building  trades 
may  be  called  particularly  to  the  hollow  segmental  blocks  for  inverts 
and  even  for  entire  sewers,  to  be  found  in  Messrs.  Doidton’s  collec¬ 
tion.  The  same  firm  have  sent  some  unglazed  earthenware  flues 
(bearing  a  double  division,  so  as  to  enable  them  to  act  at  the  same 
time  as  ventilating  and  as  smoke  shafts)  and  some  chimney  caps  of 
an  elegant  form  and  superior  material.  They  have  some  samples 
of  hollow  bricks,  which  seem  to  us  to  be  of  a  superior  form  to  the 
pierced  bricks  so  generally  used ;  but  neither  they  nor  any  of  their 
rivals  have  yet  carried  the  application  of  this  class  of  goods  to  the 
extent  to  which  it  is  carried  in  Paris.  Mr.  Hurlford,  of  Kilmarnock, 
exhibits  some  causeway  bricks  of  great  hardness ;  some  joist  shields 
and  beam  shields,  which  would  render  good  service  in  a  building 
by  protecting  timber  bearings  from  moisture,  and  some  rather  ele¬ 
gant  vases  and  other  architectural  decorations. 


On  the  whole,  the  manufacturers  of  the  coarser  descriptions  of  the 
ceramic  wares  are  well  represented  in  the  Exhibition ;  but  it  may 
be  advisable  at  the  present  day,  and  during  the  prevalence  of  the 
fashion  for  coloured  brick  decorations,  to  observe  that,  in  the  pecu¬ 
liar  atmosphere  of  London,  there  are  few  of  the  colours  of  the  un¬ 
glazed  bricks  which  are  distinguishable  after  the  bricks  have  been 
exposed  to  the  weather  for  a  few  months.  The  enamelled  tile 
decorations  of  string  courses,  broad  facias,  friezes,  &c.,  retain  their 
colours,  or  at  least  display  them  better,  than  do  the  variously- 
tinted  bricks;  and  of  the  latter,  the  blue  or  bluish  black  bricks  are 
distinguishable  from  the  surrounding  work  for  rather  a  longer  period 
than  the  red,  or  even  the  white  bricks. 

STONES,  MARBLES,  AND  GRANITES.  —  This  portion  of  the 
Exhibition  is  of  a  far  less  satisfactory  character  than  the  one  just 
noticed,  not  only  because  the  articles  it  comprises  are  fewer  in 
number,  and  less  striking  in  character,  but  also  because  it  is  diffi¬ 
cult,  if  not  impossible,  to  examine  them  in  a  manner  useful  to 
the  practical  builder,  and  because  no  useful  information  with  respect 
to  them  is  obtainable  under  their  present  arrangement.  In  order  to 
form  an  opinion  of  the  value  of  a  stone  as  a  building  material,  it 
is  necessary  to  know  its  specific  gravity,  its  powers  of  absorp¬ 
tion,  its  chemical  composition,  its  resistances  to  efforts  of  compres¬ 
sion,  extension,  and  transverse  strain ;  its  cost  at  the  quarry,  and 
the  freight  to  the  great  markets;  the  size  of  the  blocks  and  the  cost 
of  the  labour  on  its  conversion  must  also  be  known :  but  not  one  of 
these  conditions  are  to  be  learnt  from  the  present  exhibition,  and  all 
that  can  be  said  with  respect  to  the  building  stones  it  contains 
must  be  confined  to  a  few  remarks  on  their  colours,  and  their  more 
obvious  external  characteristics,  as  displayed  by  a  few  picked 
samples. 

Mr.  Bentley  (22)  has  some  samples  illustrative  of  the  stones  raised 
from  the  oolites  of  the  neighbourhood  of  Stamford,  which  are  likely 
to  be  of  great  local  value,  and,  when  intelligently  used,  to  be  of  a 
sufficiently  durable  character;  but  these  stones  do  not  seem  to  be 
of  a  nature  to  resist  the  destructive  action  of  the  atmosphere  of 
towns  wherein  coal  is  largely  burned.  Mr.  Boxall  (34)  exhibits  a 
green  sandstone,  one  of  the  indurated  members  of  the  subcreta- 
ceous  group,  raised  near  Pullborough,  Sussex,  which  again  would 
only  be  adopted  for  local  use ;  it  is,  in  fact,  precisely  the  analogue 
of  the  Godstone  stone,  and  the  latter  is  known  to  decay  rapidly  in 
London.  The  Caithness  flags  (51)  are  of  superior  quality;  and  the 
Carmylie  sandstones  from  Lord  Dalhousie’s  quarries,  near  Arbroath, 
seem  likely’’  to  yield  a  building  material  of  great  value,  on  account 
not  only  of  their  quality,  but  of  the  ease  with  which  they  can  be 
raised  and  carried  to  the  shipping  port ;  but  we  miss  in  this  exhibi¬ 
tion  the  stones  from  the  Leysmill  quarries  which  were  so  conspicu¬ 
ous  in  the  last  display.  Messrs.  Freeman  (110)  have  a  large  col¬ 
lection  of  the  stones  habitually  used  in  our  large  cities,  very  well 
arranged,  and  presented  in  a  rather  striking  manner;  but  there  is 
nothing  new  in  the  selection,  and  many  of  the  most  important 
varieties  of  stone  are  wanting;  for  instance,  the  Midland  counties 
oolites  are  not  represented,  nor  are  the  Welsh  millstone  grits  As 
to  the  granites  these  gentlemen  exhibit,  they  seem  to  be  almost 
exclusively  from  the  Devonshire  or  the  Cornwall  quarries,  and  of 
rather  an  inferior  quality  to  those  of  Scotland;  for  the  crystals  of 
felspar  are  large,  and  the  colour  is  cold  and  rather  repulsive  when 
compared  with  the  red  or  the  blue  granites  of  the  neighbourhood  of 
Aberdeen.  The  sandstones  of  the  Yorkshire  carboniferous  series 
are  well  represented  by  the  samples  sent  by  Mr.  Graham  (124)  from 
Huddersfield;  by  those  sent  by  the  Corporation  of  Halifax  (132); 
by  those  sent  by  Messrs.  Nowell  &  Robson  (254)  from  the  Idle 
quarries,  near  Leeds,  &c. ;  but  the  cost  of  the  labour  on  them  must 
always  constitute  a  fatal  objection  to  their  general  use,  otherwise 
than  as  flagstones,  steps  for  staircases,  landings,  and  such  uses, 
wherein  hardness  is  the  most  important  condition.  The  Bath, 
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Painswick,  Blue  lias,  Northumbrian  and  Durham  stones,  in  the 
Exhibition,  are  worthy  of  examination,  but  they  hardly  call  for 
special  notice  here,  any  more  than  does  the  remarkable  collection  of 
hand  samples  sent  by  Messrs.  Trickett  (372),  of  the  stones  they  prin¬ 
cipally  dispose  of  in  the  trade  of  London.  The  sandstones  from  the 
Forest  of  Dean,  obtained,  like  those  of  Yorkshire  and  of  North  Wales, 
from  the  lowest  members  of  the  carboniferous  series,  cannot  be  thus 
summarily  dismissed,  for  they  are  of  remarkably  beautiful  and  uni¬ 
form  colour,  of  great  apparent  hardness  and  durability,  and  no  doubt 
they  could  be  delivered  in  London  at  moderate  prices,  as  the  district 
in  which  they  occur  is  now  traversed  by  a  railway.  In  the  Blakeney 
quarries  a  variety  of  this  sandstone  of  a  pink  colour  is  to  be  found, 
which  contrasts  well  with  the  greenish  grey  of  the  rest  of  the 
formation.  The  stones  from  the  jurassic  formation  exhibited  in 
the  French  court,  under  1290,  are  of  a  very  superior  quality,  and 
in  execution  they  not  only  look  well,  but  they  resist  the  action  of 
the  atmosphere  successfully. 

The  British  marbles,  which,  it  must  be  confessed,  never  were 
considered  of  any  great  value,  are  miserably  represented  on  the 
present  occasion.  There  are  some  few  samples  of  Irish  black 
marbles  of  a  good  lustre  and  fine  grain;  the  same  may  also  be  said 
of  the  Derbyshire  black  marble ;  and  the  inlaid  vases,  tazzas,  chim¬ 
ney  pieces,  &c.,  from  that  county  are  curious.  The  Devonshire 
marbles  shown  are  very  badly  selected,  and  arranged  in  a  still  worse 
manner,  whilst  the  serpentines  from  Cornwall  form  a  brilliant  excep¬ 
tion  to  the  barrenness  of  this  part  of  the  exhibition.  It  were,  indeed, 
much  to  be  desired  that  this  material  were  more  generally  known  ; 
at  present  its  application  in  London  has  been  principally  confined  to 
those  specimens  of  very  equivocal  taste — the  drinking  fountains. 
But  even  with  this  exception,  there  seems  little  reason  to  hope  that 
England  will  be  free  from  its  dependence  on  foreign  countries  for 
the  supply  of  this  beautiful  class  of  materials;  and  it  is  still  to  Italy 
that  the  marble  mason  must  turn  for  the  raw  materials  of  his  trade. 
In  the  Italian  courts  there  are  many  very  remarkable  specimens  of 
the  marbles  of  that  country — of  all  imaginable  colours  and  varieties 
of  textures;  and  it  may  be  observed  that  the  modern  sculptors  con¬ 
tinue  to  use  the  Carrara  white  marbles  to  the  exclusion  of  all  others, 
in  the  manner  which  has  prevailed  from  the  period  of  the  Renaissance. 
This,  we  would  observe  in  passing,  is  to  be  regretted;  for  the  dead, 
soapy  white  of  the  Carrara  marble  renders  it  inferior  for  art  pur¬ 
poses  to  the  richer-toned  Parian  marbles;  but,  alas!  Greece,  being 
“  living  Greece  no  more,”  cannot  find  the  energy  or  the  skill 
requisite  to  bring  its  wealth  to  the  market.  Some  of  the  marbles 
from  Bagneres  de  Bigorre  are  worthy  of  notice ;  but  the  white 
marble  from  this  locality  is  horribly  bad. 

A  few  words  were  said  in  the  preceding  notice  of  the  collec¬ 
tion  of  Messrs.  Freeman,  on  the  subject  of  the  granites  they  exhibit, 
and  there  is  little  else  to  observe  with  respect  to  them.  Mr.  M'Donald 
of  Aberdeen  (214)  exhibits  some  good  samples  of  the  polished  blue, 
grey,  and  red  granites  of  that  neighbourhood,  of  which  the  grey 
variety  seems  to  us  to  be  the  best.  The  Poolvash  granite  from  the 
Isle  of  Man  is  of  a  close  grain  and  a  fine  uniform  grey  tone  (290). 
The  Ross  of  Mull  granite  is  of  rather  a  coarser  grain,  but  it  is  of  a 
rich  deep  red  colour,  and  bears  a  beautiful  polish  (308).  The 
graphic  granite  from  Portsoy  is  curious,  but  of  no  great  artistic 
value  (319) ;  and  the  granite  from  the  Tremator  quarries,  near  Tavis¬ 
tock  (386),  may  be  noticed  on  account  of  the  fineness  of  its  grain 
and  the  small  quantity  of  mica  it  contains.  We  were  not  able  to 
examine  closely  the  specimen  (38G),  but  it  looked  to  us  as  though 
the  mica  of  the  ordinary  granites  had  been,  to  a  great  extent,  re¬ 
placed  by  schorl.  The  Markfield  granite  quarries,  near  Leicester, 
are  represented  by  some  paving  stones,  “  setts,”  as  they  are  called 
in  the  provinces;  and  with  respect  to  them  it  is  to  be  observed  that 
the  granite  of  which  they  are  formed,  even  whilst  being  of  a  very 
hard  and  resisting  nature,  is  not  exposed  to  the  inconvenience  of 


becoming  slippery  in  dry  weather,  like  the  granite  of  the  Aberdeen 
or  the  Guernsey  setts. 

There  are  a  few  samples  of  building  stones  in  the  courts  devoted 
to  our  colonial  dependencies ;  and  Portugal,  Spain,  &c.,  exhibit  a 
few  of  the  more  costly  materials  used  in  building:  but  none  of 
them  seem  to  be  of  sufficient  importance  to  justify  their  being 
noticed  in  detail ;  and,  indeed,  the  lack  of  information  as  to  their 
nature  and  properties  must  render  it  impossible  to  do  so  in  any 
effectual  manner. 

LIMES  AND  CEMENTS. — If  the  present  exhibition  be  deficient 
in  the  class  of  building  stone,  it  is  still  more  deficient  in  the  class 
now  under  consideration ;  and  whether  the  matters  exhibited  be 
considered  from  a  technical  or  from  a  scientific  point  of  view,  they 
must  be  regarded  as  being  of  a  very  inferior  description,  and  rather 
as  proving  a  retrocession  than  an  advance  in  the  branch  of  industry 
to  which  they  belong.  Neither  in  the  number,  the  intrinsic  value, 
nor  the  appearance  of  the  cementious  materials  now  exposed,  can 
they  be  considered  equal  to  those  exposed  in  1851,  whilst  in  some 
important  respects  they  seem  to  indicate  that  the  path  of  analy¬ 
tical  investigation  our  manufacturers  had  then  entered  upon,  was 
being  entirely  abandoned  in  favour  of  a  purely  empirical  course  of 
production.  Unfortunately  the  best  English  manufacturers  of  lime 
compounds  have  refrained  from  exhibiting  ;  and  foreign  manufac¬ 
turers  have  not  thought  it  worth  their  while  to  incur  the  outlay 
required  to  place  their  goods  in  a  favourable  position  before  the 
public  and  before  the  juries.  The  consequence  has  been  that  only 
a  very  second  class  character  of  goods  is  to  be  found  in  the  present 
exhibition  of  the  lime  compounds,  and  that  they  furnish  no  criterion 
of  the  industry  they  are  supposed  to  represent. 

Of  the  limes,  properly  speaking,  the  only  samples  in  the  English 
collection  are  those  from  the  blue  lias  formation  of  Halkyn  (No. 
1,  Class  1);  and  those  sent  by  Messrs.  Greaves  &  Kershaw 
from  the  Warwickshire  blue  lias  basin  (128) ;  in  both  cases  it  is, 
however,  to  be  observed  that  there  are  no  indications  in  the 
samples,  or  in  the  descriptive  notices  of  their  composition,  by 
which  the  public  can  form  any  opinion  as  to  the  nature  of  the 
strata  from  whence  the  particular  samples  were  derived.  As  the 
various  beds  of  the  blue  lias  series  differ  from  one  another  in  this 
respect  to  a  very  serious  extent,  it  is  impossible  to  form  any 
opinion  of  value  as  to  the  qualities  of  the  limes  they  yield,  by 
merely  finding  the  respective  samples  grouped  under  a  generic 
name  ;  and,  in  the  whole  range  of  the  building  trades,  it  would 
be  difficult  to  find  a  name  which  included  a  greater  number  of 
varieties  than  that  of  blue  lias  lime  or  cement.  Then  again,  in 
the  specimens  of  Portland  cement  exhibited  there  are  no  indications 
of  the  composition,  of  the  mode  of  calcination,  or  of  grinding  that 
material,  of  a  nature  to  guide  the  architect  in  his  appreciation. 
There  are  some  good  samples  in  the  way  of  finished  blocks,  either 
of  concrete  or  of  neat  cement,  exhibited  by  Messrs.  Lee  (2311), 
Freen  &  Co.  (2285),  Knight,  Be  van,  &  Sturge,  which  certainly 
prove  that  wonderful  things  are  to  be  done  with  this  material ; 
but  this  was  already  known,  and  after  the  numerous  recent  failures 
in  the  use  of  this  material,  what  was  really  required  by  the 
engineering  and  architectural  professions,  was  the  indication  of  some 
mode  of  distinguishing  the  good  from  the  bad  descriptions.  From 
the  fractures  of  some  of  the  trial  bricks  exhibited,  it  certainly 
would  seem  that  there  is  little  attention  paid  by  our  manufacturers 
to  the  homogeneity  of  the  mixture  of  chalk  and  clay  they  use  ;  and 
the  powdered  cements  accompanying  the  bricks  are  usually  far  too 
coarse.  The  specimen  of  external  plastering,  coloured  throughout 
the  whole  thickness  of  the  coating,  exhibited  by  Mr.  Taylor  (2348), 
shows  the  value  of  the  Portland  cement  in  the  hands  of  an  intelli¬ 
gent  man,  and  may  be  the  means  of  introducing  a  rather  novel 
application  of  that  material  for  external  decoration ;  whilst  the 
samples  of  the  polished  mortars  exhibited  by  the  Keynsham  Blue 
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Lias  Company  (2388),  indicate  that  our  manufacturers  are  turning 
a  little  more  attention  than  of  yore  to  the  artistic  capabilities  of  this 
class  of  goods.  The  samples  of  Scott’s  cements  exhibited  by 
Messrs.  Lee,  we  may  also  observe,  look  well  as  samples ;  but,  if  we 
may  judge  from  the  printed  specifications  of  Captain  Scott’s  patent, 
we  fear  that  the  material  itself  must  be  of  an  inferior,  because 
unstable,  nature  when  exposed  to  the  action  of  the  atmosphere. 

In  the  French  court,  the  cements  exhibited,  under  1271,  by  M. 
Vicat  are  very  remarkable,  but  we  fear  that  they  must  be  too  costly 
for  general  use,  on  account  of  their  double  calcination.  The 
cements  exhibited  by  M.  Lingee  (1265)  and  Desiree  Michel  (1279) 
are  of  very  superior  quality ;  but  the  productions  of  Messrs.  Coignet 
(1258)  are  the  most  extraordinary  forms  of  this  class.  It  will  be 
necessary  to  return  to  their  consideration  hereafter. 

PLASTERS  AND  STUCCOS. — There  are  a  few  samples  of  the 
rapidly-setting  and  dense  materials  obtained  from  the  double  calci¬ 
nation  of  the  sulphate  of  lime,  that  is  to  say,  by  the  calcination 
of  a  hydrated  sulphate  of  lime  slacked  by  a  solution  of  a  caustic 
alkali,  which  are  somewhat  illogically  called  “cements”  by  their 
manufacturers.  Thus,  Mr.  Part  (2326)  exhibits  samples  of  the 
Martin’s  Cement,  a  sulphate  of  lime  treated  in  combination  with 
sulphur  and  pearl-ash,  and  really  they  present  a  very  fine  close 
surface,  susceptible  of  a  polish,  and  bearing  the  sharpest  mould¬ 
ings  varices ;  but  we  miss  the  Keen’s  and  the  Parian  cements 
which  made  so  marked  a  display  in  the  Exhibition  of  1851,  and 
Sorel’s  oxychloride  of  zinc  cement  is  not  to  be  found.  Mr.  Bellman 
(2238)  has  some  very  beautiful  samples  of  scagliola,  and  artificial 
marbles,  executed  with  singular  fidelity  to  nature ;  but  after  all, 
this  description  of  materials  must  be  regarded  only  as  costly  shams, 
and  at  the  present  day  it  is  more  than  questionable  whether,  for 
plain  wall  surfaces,  the  real  marbles  would  not  be  quite  as  cheap 
as  the  imitations.  This  virtual  condemnation  of  sham  marbles 
made  from  plasters,  we  more  decidedly  extend  to  the  enamelled 
slates  ;  although  the  price  at  which  they  are  supplied  is  extremely 
moderate,  and  their  application  as  wall  linings  may  be  advan¬ 
tageous  in  some  positions,  yet  for  chimney-pieces  and  for  tables, 
&c.,  exposed  to  sharp  blows,  they  are  by  no  means  desirable, 
because  the  enamel  is  very  likely  to  chip.  M.  Georgi  (2431) 
has  some  curious  imitations  in  scagliola  of  the  Florentine  mosaics, 
but  they  have  only  the  merit  of  good  copies. 

Altogether,  this  class  of  materials  is  poorly  represented  in  the 
English  portion  of  the  Exhibition ;  the  most  distinguished  manu¬ 
facturers  have  abstained  from  sending  samples  of  iheir  productions; 
those  which  are  exposed  are  by  no  means  characteristic  of  the 
present  state  of  this  branch  of  industry.  Our  French  neighbours, 
however,  have  sent,  under  1257,  some  beautiful  samples  of  imita¬ 
tion  marbles,  and  some  stuccos,  under  1260,  which  merit  more 
than  passing  notice.  There  is  a  solidity  and  a  closeness  of  texture 
in  their  surfaces  which  are  indeed  of  the  highest  order,  and  their 
power  of  receiving  colour  is  equally  remarkable. 

SLATES  AND  TILES.— There  are  many  very  beautiful  speci¬ 
mens  of  the  slates  of  our  own  island  in  the  Exhibition,  but  none 
of  those  from  foreign  countries,  which  might  have  taught  us  some 
lessons,  at  least  in  the  artistic  forms  to  be  given  to  the  slates 
used  for  roofing  purposes.  In  all  the  essentials  of  size,  durability, 
colour,  and  evenness  of  surface,  the  English  and  Welsh  slates 
are,  however,  immeasurably  superior  to  any  of  the  continental 
materials  of  the  same  character  yet  brought  into  the  general 
markets  of  Western  Europe. 

The  Bwlch  y  Groes  Slate  Company  (49  Eastern  Annexe)  exhibit 
samples  of  slates  of  a  good  green  and  dark  blue  colour,  but  the 
parallel  faces  present  a  bad  fracture,  and  at  times  there  are  some 
disagreeable  stains.  Mr.  Greaves,  of  Port  Madoc  (127),  has  some 
fine  samples  of  roofing  slates ;  and  so  also  have  Messrs.  Holland 
(155)  from  the  same  locality.  The  Llangollen  Slate  Company 


exhibit  some  enamelled  slates,  and  a  slab  of  remarkable  size  and 
beauty;  it  is  not  less  than  20  feet  high,  by  10  feet  wide,  and  only 
3^  inches  thick.  The  Welsh  Slate  Company  of  Port  Madoc  have 
also  sent  a  slab  13  feet  long  by  7  feet  wide,  and  3^  inches  thick, 
and  some  slips  5  feet  in  length,  by  only  l-20th  of  an  inch  in  thick¬ 
ness,  with  natural  faces  of  the  most  regular  and  smooth  character. 
The  slates  of  the  Cwmorthin  Company  are  of  a  sound  quality,  but 
not  of  any  remarkable  size,  and  the  other  quarries  in  the  neigh¬ 
bourhood  of  Port  Madoc  have  also  sent  good  merchantable  slates. 
From  Cornwall,  the  Rev.  R.  B.  Kingsman  (188)  sends  some  roofing 
slates  we  have  not  had  an  opportunity  of  testing,  but  which  look 
of  a  good  quality  ;  and  Mr.  F.  Nicholls  sends  some  of  the  Delabole 
slates  of  a  rather  rough  and  inferior  character. 

As  to  roofing-tiles,  good  specimens  of  that  class  of  goods  are  to 
be  seen  in  the  collection  of  the  Architectural  Pottery  Company 
(2230) ;  Mr.  Basford  of  Burslem  (2236) ;  Cliff  (2259) ;  Doulton 
(2268);  Eastwood  (2271);  Fison  (2282);  Garrett  (2286);  Jones 
(2306);  Norman  (2324) ;  Peake  (2328);  Maw  (2317),  &c.  There 
is,  however,  little  variety  in  the  designs,  and  we  confess  that  we 
were  surprised  to  find  that  so  few  of  these  tiles  were  glazed ;  for 
that  simple  operation  would  greatly  increase  their  value,  by  render¬ 
ing  them  more  impermeable,  and  therefore  both  lighter  and  more 
durable.  In  fact,  no  improvement,  either  practical  or  gesthctical, 
can  be  observed  in  these  articles,  as  compared  with  similar  ones  in 
the  previous  Exhibition  of  1851. 

TERRA  COTTA  AND  FAENZA. — In  terra  cotta  wares  a  decided 
advance  may  be  observed  in  the  productions  of  our  manufac¬ 
turers,  to  which  attention  has  already  been  called  in  our  previous 
notice  of  the  materials  under  Class  I. ;  but  in  addition  to  the  articles 
then  described,  which  came  more  distinctly  under  the  designation 
of  building  materials,  it  may  be  desirable  to  mention  that,  for 
distinctly  ornamental  purposes  connected  with  architecture,  this 
material  is  now  becoming  of  very  general  use.  The  introduction 
of  the  pipeclays  and  the  fireclays  of  the  midland  districts,  and 
Mr.  Way’s  discovery  of  the  plastic  properties  of  the  chalk  marls, 
have  indeed  placed  at  the  disposal  of  our  potters  a  number  of  mate¬ 
rials  they  have  been  prompt  to  adopt.  It  would  hardly  be  worth 
while  to  mention  again  the  names  of  the  exhibiters,  whose  articles 
have  almost  all  been  previously  referred  to ;  but  the  collection  of 
Mr.  Maw  of  the  Architectural  Pottery  Company,  requires  special 
notice.  Mr  Maw  has,  in  fact,  some  terra  cotta  twisted  columns 
with  enamelled  colours  of  singular  beauty  of  execution — even  if  a 
severe  critic  be  justified  in  objecting  to  some  points  of  detail  in 
their  design. 

ENAMELLED  AND  ENCAUSTIC  TILES  for  pavings,  floors,  wall  de¬ 
corations,  external  ornamentation,  &e.,  exhibited  by  Messrs.  Minton, 
Copeland,  Maw,  &c.,  constitute  one  of  the  most  marked  improve¬ 
ment  in  the  details  of  the  building  trades  of  late  years ;  and  there 
are  few  articles  in  the  Exhibition  equal  to  them.  There  is  at  the 
present  day  a  rather  absurd  “rage”  for  the  imitation  majolica, 
which  culminates  in  the  display  of  coloured  form  in  Minton’s 
fountain  ;  but  this  fashion  will  pass  shortly,  and  the  coloured  tiles 
will  remain  as  a  permanent  accession  to  the  architect’s  means  of 
conveying  pleasing  effects.  Minton’s  and  Maw’s  encaustic  floors, 
and  the  mosaic  pavements  they  exhibit,  leave  nothing  to  be  desired 
on  the  score  of  hardness,  the  resistance  of  the  surfaces,  the  brilliance 
of  the  colours,  or  the  appropriateness  of  the  designs ;  and  Mr.  Digby 
Wyatt  is,  perhaps,  the  person  who  is  most  entitled  to  praise  for  the 
two  last-named  characteristics.  In  the  foreign  collections  there  are 
some  good  specimens  of  this  class  of  wares  ;  and  the  faence  stoves 
exhibited  in  the  Swiss  court  may  especially  be  mentioned  on  account 
of  the  regularity  of  their  surfaces,  the  sharpness  of  their  outlines, 
and  the  clearness  of  their  white  glare ;  but  the  stove  fronts  exhibited 
by  some  of  the  English  makers  place  their  productions  in  even  a 
higher  category  as  specimens  of  art  workmanship. 
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WOODS. — It  is  strange  that  notwithstanding  the  increase  in  the 
number  of  our  colonies,  and  the  increase  of  our  commercial  relations 
with  them  and  with  other  timber-producing  countries,  there  is  hardly 
any  change  to  be  observed  in  the  nature  and  qualities  of  the  woods 
used  in  ordinary  building  operations.  In  1851,  as  now,  our  colonies 
displayed  some  of  their  richness  in  these  goods,  and  the  Australian 
and  New  Zealand  timber  trees  especially  were,  and  are,  well  repre¬ 
sented;  on  this  occasion  too,  the  North  American  colonies  of  Nova 
Scotia,  Canada,  Columbia,  &c.,  and  the  West  Indian  islands,  and 
the  South  American  mainland  have  sent  samples  of  woods  which 
may  in  every  respect  bear  comparison  with  those  of  their  Australian 
rivals.  Yet  our  manufacturers  have  kept  on  in  their  beaten  track  ; 
our  builders  do  not  avail  themselves  of  the  increased  facilities  placed 
at  their  disposal ! 

This  must  be  a  matter  of  regret;  for  the  north  of  Europe  fir 
timber  is  gradually  deteriorating  in  quality,  and  the  large  oak 
brought  into  our  market  is  constantly  increasing  in  price.  For 
many  purposes  the  North  American  firs  (using  that  term  for  the 
colonies  on  the  eastern  shores  of  the  Continent  only)  are  of  equal 
value  to  those  of  the  shores  of  the  Baltic ;  and  amongst  the  white 
woods  of  large  scantling,  there  are  none  in  the  world  worthy  of 
comparison  with  the  New  Zealand  Cowrie  wood,  or  with  the  Abies 
Douglasii,  or  with  the  light-coloured  cedars  of  Columbia  and  Van¬ 
couver’s  Island.  The  Abies  thus  referred  to  grows  in  fact  to  the 
most  colossal  sizes,  and  there  can  be  no  difficulty  in  commerce  in 
obtaining  logs  of  120  feet  long,  by  42  inches  square,  at  one-third 
of  the  height.  The  Cowrie  wood  does  not  yield  logs  of  these  dimen¬ 
sions,  but  spars  from  70  to  80  feet  in  length  are  by  no  means  rare ; 
and  with  respect  to  the  resistances  of  both  these  woods,  all  recent 
experiments  tend  to  prove  that  they  are  at  least  equal  to  those  of 
the  common  Baltic  firs,  if  not  actually  superior.  Then  the  Green- 
heart  of  Demerara,  and  the  Jarah  of  New  South  Wales  have  evi¬ 
dently  greater  powers  of  resistance  to  the  attacks  of  insects  than 
either  oak,  teak,  or  fir;  whilst  the  furniture  woods  from  Jamaica, 
Demerara,  New  South  Wales,  and  Vancouver’s  Island  present 
varieties  of  colour  and  of  figure  which  are  capable  of  producing  the 
most  beautiful  effects  in  execution.  It  may  suffice  to  cite  the 
mountain  mahoe,  of  a  green  tinge ;  the  candle  wood,  of  a  yellow 
tinge;  the  mountain  wichwood,  so  nearly  allied  to  the  best  satin- 
wood  ;  the  white  lance,  the  logwood,  and  the  green  ebony  of 
Jamaica  ;  or  the  cedar,  beech,  white  ash,  rock  elm,  maples,  &c.,  of 
Nova  Scotia ;  or  the  yellow  cypress,  maple,  alder,  yew,  &c.,  of 
Vancouver’s  Island,  to  show  that  the  resources  of  the  joiner  and 
cabinet-maker,  in  the  matter  of  the  raw  materials  at  their  disposal, 
are  practically  unlimited.  All  that  is  required  in  this  case  is  a 
little  boldness  and  originality  of  thought  on  the  part  of  the  persons 
interested  in  the  application  of  the  respective  materials  ;  for  the 
public  would  desire  nothing  so  much  as  to  escape  from  the  eternal 
oak,  mahogany,  walnut,  and  rosewood  of  the  cabinet-makers  on  the 
one  side ;  or  from  the  narrow  limits  imposed  by  the  small  dimen¬ 
sions  of  the  building  timbers  now  habitually  employed  on  the  other. 
There  are,  it  may  be  added,  some  curious  specimens  of  hard  woods 
of  European  growth  exhibited  by  Mr.  William  Oliver,  and  by  Mr. 
R.  Fauntleroy;  but  the  interest  of  the  Exhibition,  so  far  as  woods 
are  concerned,  is  centred  in  the  Colonial  Courts.  The  reports  of 
the  juries  upon  their  physical  properties  will,  no  doubt,  be  looked 
forward  to  with  considerable  anxiety. 

IRON— WROUGHT,  CAST,  AND  GALVANIZED.— Since  1851  the 
application  of  iron  to  constructive  purposes  has  progressed  with 
unexampled  rapidity;  and  the  improvements  which  have  taken 
place  in  the  rolling  and  forging  of  large  plates  and  beams  of 
wrought  iron,  the  introduction  of  Bessemer’s  process  for  refining 
and  for  obtaining  steel  at  once  from  the  furnace,  together  with  the 
improvements  in  the  treatment  of  ores,  have  so  extended  the  field  of 
application  of  iron  in  its  various  forms  as  almost  to  have  changed 


the  whole  of  the  visible  forms  of  art.  As  has  often  been  said,  we 
seem  to  be  passing  into  an  “  iron  age  ;”  and  the  very  building  itself 
in  which  the  Exhibition  is  held — ugly  and  inappropriate  as  it  may  be 
— must  be  regarded  as  a  proof  of  this  strange  alteration  in  the  prac¬ 
tice  of  the  art.  No  man  of  genius  has  yet  arisen  to  give  a  direction 
to  the  efforts  of  architects  to  bend  iron  to  the  necessities  or  to  the 
tastes  of  the  public ;  for  the  architecture  of  the  Hyde  Park  and 
Sydenham  structures  was  as  far  from  being  adapted  to  the  style 
suited  to  the  newly-introduced  material,  as  the  bald,  shed-like 
character  of  that  of  the  Cromw'ell  Road  building  unquestionably  is. 
The  considerations  suggested  by  this  part  of  our  subject  may  be  most 
consistently  reserved  to  the  portion  of  the  “Record”  devoted  to 
the  discussion  of  the  sesthetical  questions  suggested  by  the  Exhibition, 
and  at  present  attention  is  only  called  to  the  practical  details  it 
illustrates. 

Foremost  amongst  these  the  architect  and  builder  will  recognize 
the  great  improvements  made  in  the  manufacture  of  rolled  iron, 
whether  for  joists,  plates,  sash-bars,  angle-irons,  wire,  hoops,  nail 
rods,  &c.  The  samples  exhibited  by  the  Bowling  Iron  Co.  (33  in 
East  Annexe)  are  remarkable  ;  those  exhibited  by  the  Butterley  Co. 
(48)  are  still  more  so ;  and  there  is  something  even  now  amazing  to 
see  joists  of  iron,  with  a  centre  web  of  3  feet  in  depth,  and  with  top 
and  bottom  flanges  12  inches  wide,  which  the  proprietors  of  the 
works  undertake  to  supply  in  lengths  of  from  30  to  40  feet.  The 
same  company  also  exhibit  plates  5  feet  wide,  4j  inches  thick,  and 
about  1 6  feet  long  !  The  Dowlais  Iron  Co.  have  some  fine  samples 
under  No.  90 ;  so  have  the  Ebbw  Vale  Co. ;  the  Governor,  and  Co. 
of  Copper  Miners;  the  Kirkstall  Forge  Co.;  Messrs.  Moore  & 
Danby  ;  Lutton  &  Ash  ;  the  Weardale  Iron  Co.,  &c.  Lord  Gran¬ 
ville  sends  also  a  plate  of  iron  of  not  less  than  112  feet  superficial ; 
and  it  is  to  be  observed  in  passing  that  some  of  the  best  houses, 
such  as  the  Low  Moor,  Mather  &  Co.,  Crawshay,  &c.,  have  refrained 
entirely  from  the  exhibition.  As  to  cast-iron,  the  most  remarkable 
sample,  on  account  of  the  magnitude  and  the  perfection  of  the  casting, 
is  the  pipe  of  4  feet  clear  diameter,  of  the  same  description  as  those 
supplied  for  the  Loch  Katrine  water  supply  of  Glasgow.  Messrs. 
Walter  M‘Farlane  &  Co.  (2313)  have  some  rather  elegant  small 
castings  ;  and  Messrs.  Kennaird  of  Thames  Street  have  some  good 
works,  so  far  as  mechanical  execution  is  concerned,  but  which  are 
sadly  deficient  in  taste.  In  fact,  a  very  cursory  glance  at  the  French 
court  must  suffice  to  show  that  in  this  respect  our  neighbours  retain 
their  wonted  superiority  over  us ;  and  until  art  education  is  con¬ 
ducted  here  on  far  sounder  principles  than  have  hitherto  prevailed, 
it  is  to  be  feared  that  our  inferiority  will  continue  to  exist.  Our 
workmen  are  skilful  and  conscientious  manipulators  ;  our  designers 
are  the  men  who  are  most  at  fault,  or  perhaps  it  would  be  more 
correct  to  say  their  employers,  for  both  designers  and  public  would 
select  a  better  style  than  now  prevails  in  the  syderic  arts,  if  the  iron¬ 
masters  were  only  endowed  with  the  rudiments  of  taste.  Art  educa¬ 
tion  is  indeed  more  wanted  for  the  higher  classes  than  it  is  for  the 
workmen  of  this  country  ;  and  this  is  especially  true  of  our  great 
employers  of  labour  in  the  metal  trade.  No  more  convincing  proof 
of  this  unfortunate  state  of  things  could  be  found,  than  the  utter 
absence  of  elegance,  design,  artistic  feeling,  or  taste,  which  is  to  be 
found  in  the  outlines  of  the  steam  engines,  and  in  the  models  of  the 
various  wrought  and  cast  iron  bridges  in  the  present  Exhibition,  and 
in  the  ironwork  of  the  Exhibition  building  itself.  One  source  of 
the  evil  thus  referred  to  lies  in  the  recent  separation  of  the  profes¬ 
sions  of  architecture  and  of  civil  engineering,  and  in  the  avowed 
contempt  felt  by  the  latter  class  of  practitioners  for  the  traditions  of 
art  schools,  and  of  the  study  of  aesthetical  laws.  The  ironmasters 
exaggerate  this  unfortunate  tendency,  and  it  cannot  be  otherwise 
under  these  circumstances  than  that  their  productions  should  be  in 
direct  violation  of  the  principles  of  taste.  We  must  revert  to  this 
subject  in  our  notice  of  the  decoration  of  buildings,  as  here  illustrated. 
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The  galvanized  iron  work  exhibited  by  Messrs.  Morewood  &  Co. 
(23211  appears  to  be  of  a  sound  quality  ;  and  the  specimens  sent  by 
Messrs.  Morton  (2322)  are  equally  worthy  of  commendation.  Messrs. 
Tapper  (2351)  exhibit  some  good  samples,  as  also  do  Messrs. 
Yavaeseur  (2353),  though  we  don’t  understand  upon  what  principles 
they  refer  to  the  Amsterdam  station  of  the  Dutch-Rhenish  Railway, 
and  to  the  Volksvleit  of  the  same  town.  We  ourselves  were  in 
Amsterdam  about  the  25th  of  last  month,  and  certainly  then  the 
works  for  covering  the  station  had  made  no  visible  progress,  and  the 
Volksvleit  was  hardly  in  a  state  to  receive  the  corrugated  iron  cover¬ 
ing.  Mr.  J.  Walker  (2356)  is  alsowell  represented  in  this  branch 
of  manufacturing  industry.  With  respect  to  the  general  merits 
of  the  galvanizing  process,  we  may  add  that  we  feel  very  grave 
doubts.  The  protection  afforded  is  by  no  means  certain,  and  if 
by  any  accident  the  atmosphere  can  reach  the  natural  surface  of  the 
iron,  then  decay  takes  place  with  great  rapidity,  on  account  of  the 
galvanic  action  which  is  set  up  between  the  metals.  As  to  the  term 
f/fdvandzed  iron,  it  is  a  mere  misnomer ;  the  protecting  metal  may 
be,  but  rarely  is,  precipitated  on  the  iron  by  galvanism,  but  the 
iron  itself  is  not  called  galvanized  with  any  more  propriety 
than  tinned  plates  are.  The  use  of  corrugated  and  galvanized 
places,  it  may  be  added,  is  by  no  means  favourable  for  the  artistic 
effects  of  a  building,  on  account  of  the  stiffness  and  rigidity  of 
outline  they  necessarily  produce.  The  small  waggon -headed 
sheds,  usually  executed  in  this  material  are,  indeed,  perfect  types 
of  inelegance. 

COPPER,  LEAD,  ZINC,  ALUMINIUM,  TIN,  AND  ALLOYS.— 

The  more  precious  metals  used  for  building  purposes  have  not 
given  rise  to  many  improvements,  either  in  the  manner  of  their 
extraction^  or  in  their  subsequent  application,  since  the  year  1851. 
The  sanitary  pipes,  as  Messrs.  Courage  (69  Eastern  Annexe)  call 
the  lead'  service  pipes  lined  with  zinc  (we  suspect  deposited  by  elec¬ 
tricity),  are  no  doubt  an  improvement  upon  the  old  leaden  services, 
in,  cases  where  certain  descriptions  of  soft  water  are  to  be  delivered. 
The  applications  of  nickel,  cobalt,  &c.,  shown  by  Evans  &  Askin 
(100),  indicate  that  for  some  decorative  purposes  those  metals  might 
be-  used  to  a  greater  extent  than  they  are  at  present ;  a  suspicion 
which  is;,  by  the  way,  confirmed  by  the  recent  issue  of  a  nickel  coinage 
in  Belgium.  Messrs.  Bell,  of  Newcastle  (18),  exhibit  some  inter¬ 
esting  specimens  of  aluminium  as  applied  in  the  arts  ;  and  we  noticed 
in-  another  part  of  the  Exhibition  a  very  well  made  plummer 
block,  the  bush  of  which  was  executed  in  aluminium  bronze.  The 
copper  plates,  bars,  &c.,  exhibited  by  the  Company  of  Copper  Miners 
(122)  are  very  remarkable  ;  and  the  yellow  metal,  an  alloy  of  copper 
and  zinc;  looks  of  a  very  superior  character.  We  say  “  looks”  ad¬ 
visedly  ~  because  the  copper  now  made  is  by  no  means  so  pure  as 
the  metal  formerly  obtained  from  the  treatment  exclusively  of  Eng¬ 
lish  ores  alone  ;  and  it  would  be  impossible  to  form  any  opinion  of 
value-  as  to  the  qualities  of  the  alloy,  without  either  an  analysis  of 
it  or  an  intimate  acquaintance  with  the  mode  of  fabrication.  Messrs. 
Johnson  (172)  exhibit  specimens  of  Wetterstedt’s  patent  metal,  an 
alloy  of  lead  and  antimony,  which  produces  a  very  ductile  and 
tenacious  material  for  roofing  purposes;  the  Margam  Tin  Plate 
Company  exhibit  good  samples  of  their  wares  ;  Marshall  (218)  exhi¬ 
bits  gold  and  silver  leaf,  so  important  for  polychromic  decorations  ; 
the  Plumbago  Crucible  Company  (265)  exhibit  some  articles  to 
which  the  attention  of  architects  may  be  called,  on  account  of  the 
infusibility  of  the  material,  a  condition  they  sometimes  require,  as  in 
the  lining  of  strong  rooms,  the  backs  of  stoves,  &c.  The  Redruth 
Local  Committee  have  a  goodly  array  of  the  produce  of  the  Cornish 
mines  (296) ;  and  the  Swansea  Local  Committee  also  have  a  num¬ 
ber  of  specimens  illustrative  of  the  marvellous  metallurgical  industry 
of  that  locality.  The  Schull  Bay  Copper  Co.,  and  the  Australians, 
send  some  beautiful  specimens  of  malachite,  which  has  of  late  been 
frequently  used  in  architectural  decorations  and  in  ornamental  fur¬ 


niture  ;  and  Mr.  Thomas  (354,  &c.)  has  a  very  extensive  series  of 
specimens  of  the  Cardiganshire  lead  ores.  The  Wicklow  Copper 
Co.  are  well  represented  (402) ;  and  the  Yielle  Montagne  Co.  (2355) 
have  an  extensive  display  of  the  applications  of  that  uncertain 
metal,  zinc.  This  term  is  used,  he  it  observed,  because  the  in¬ 
stances  of  the  failure  of  zinc  in  London  are  so  numerous  as  to  ren¬ 
der  the  advisability  of  its  use  here  a  matter  of  considerable  doubt. 
Messrs.  Mears  (2320)  exhibit  a  bell  of  15  cwt.  of  a  good  tone;  but 
the  constant  misfortunes  which  have  attended  the  bell  of  the  houses 
of  Parliament  inspire  some  doubts  as  to  the  soundness  of  the  prin¬ 
ciples  received  by  the  practitioners  of  this  branch  of  the  Arts.  The 
bronze  figures  and  the  various  ornamental  brass  works  in  the  Exhi¬ 
bition  do  not  display  any  marked  improvements  in  the  technical 
processes  of  their  manufacture  ;  and  they  may,  therefore,  bereserved 
to  the  article  on  decoration.  But  we  cannot  avoid  the  remark  that 
our  founders  are  still  unable  to  give  to  their  bronzes  the  delightful 
tint — the  patin — observable  on  some  ol  the  best  French  and  Flor¬ 
entine  bronzes. 

LEATHER  AND  PAPER  HANGINGS.— It  is  perhaps  hardly  cor¬ 
rect  to  introduce  the  word  leather  in  this  place,  because  in  fact  that 
material  is  only  represented  by  the  Leather  Cloth  Co.,  and  by  some 
paper  hangings  made  to  look  like  leather — non  res ,  sed  similitudines 
rerum.  But  the  mere  fact  of  the  imitation  of  a  material  shows  that 
it  must  itself  possess  some  value ;  and  indeed  the  leather  hangings 
of  the  17th  century  were  so  beautiful,  and  have  proved  so  durable, 
that  it  may  be  desirable  to  allude  to  their  absence  in  the  Exhibi¬ 
tion,  in  the  hope  that  an  effort  may  be  made  hereafter  to  revive 
the  manufacture.  As  to  the  paper  hangings  and  other  wall 
decorations,  they  do  not  call  for  any  lengthened  observations,  or 
they  exhibit  little  novelty,  and  still  less  improvement  on  the  pro¬ 
ductions  of  former  years.  The  French  papers  are  still  superior  to 
the  English  ones  in  design,  in  colour,  and  in  cheapness.  The 
papers  used  by  our  neighbours  are  not  so  good  as  those  used  by 
the  best  English  houses,  but  how  sadly  behind  them  do  we  still 
linger  in  matters  of  taste  ! 

MISCELLANEOUS. — In  this  group  may  be  classed  such  articles 
as  felt,  kamptulicon,  gutta  percha,  caoutchouc,  matting,  &c., 
all  of  which  are  occasionally  used  by  the  architect  and  builder, 
without  coming  strictly  within  the  designation  of  building  mate¬ 
rials.  All  of  them  are  well  represented  in  the  present  Exhi¬ 
bition,  and  many  lessons  are  to  be  learned  from  the  samples 
exhibited.  It  may  be  necessary,  moreover,  to  notice  the  as- 
phaltes,  and  the  applications  of  the  hydrocarbons  in  the  Arts, 
either  for  the  purpose  of  extracting  dyes,  or  for  injection  into 
wood  in  the  form  of  creosote.  Mr.  J.  Bethell  has  (2239)  some 
striking  specimens  of  the  latter  application,  to  which  the  architect 
would  do  well  to  pay  attention.  Messrs.  Ransome  have  some  speci¬ 
mens  of  the  application  of  the  soluble  silicates  to  building  purposes  ; 
but  none  of  their  new  artificial  stone,  the  best  of  their  wares,  Mr. 
Szerelmey  has  specimens  of  his  Arabian  zopissa,  a  material  we  sup¬ 
pose  to  he  different  from  the  Zopissa  he  professed  to  obtain  from  the 
Egyptian  asphaltum,  and  both,  no  doubt,  of  equal  value.  There  are 
specimens  of  blue,  white,  red,  and  greenish  clays,  for  brick,  pipe,  and 
tile  making ;  limestones,  gypsums,  cement  stones,  for  manufacturing 
limes,  plasters,  and  cements  ;  moulding  sands  for  founders,  sands  for 
glass-making,  and  glass  in  its  various  stages  of  crown  and  flint  glass, 
plate  and  sheet  glass,  clear,  opaque,  opaline,  coloured,  and  ground 
glass,  in  every  variety  of  form,  and  in  countless  varieties  of  applica¬ 
tion,  which  will  be  noticed  under  “  Decoration.”  And  after  observing 
that  the  materials  for  oil  and  body  painting  are  tolerably  well 
represented,  this  long  notice  of  the  building  materials  In  the  Exhibi¬ 
tion  may  be  closed  by  the  reiterated  expression  of  our  regret  that 
the  mode  of  arrangement  of  them,  and  the  want  of  information  as 
to  their  properties,  should  render  their  display,  practically,  of  little 
value  either  to  the  exhibiters  or  to  the  public. 


DECORATIONS  FOR  WALLS  AND 


FLOORS. 
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Fig.  3. 


'  Figs.  1, 2,  and  3,  are  engravings,  of  three  of  the  productions  of  the  Patent  Painted  and  Gilded  Leathek  Cloth  Company,  London. 


Fig.  4. 


Fig.T6. 


Figs.  3  and  4  are  two  specimens  ot  Kamptulicon,  a  new  and  very  useful  fabric  composed  of  a  mixture  of  Cork  and  India-rubber,  for  covering  floors. 

Manufactured  by  Messrs.  Tkestrail  oc  Co.  London. 


DECORATIONS  FOR  FLOORS 


Kamptulicon,  by  Messrs.  Tayler,  Harry,  &  Co.,  Spittle  Lane,  London. 


LACE-INTERNAL  DECORATION 


Three  Specimens  by  Messrs.  Thomas  Adams  &  Co.,  Nottingham,  the  principal  object  being  a  Cuutaijj,  specially  produced  for  the  Exhibition.  It  is  2  yards  wide,  and  4j  yards 
long;  in  the  width  of  it  there  are  2460  threads,  each  one  of  which  is  operated  upon  independently,  with  instruments  governed  by  the  Jacquard. 
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Two  of  the  Lace  Curtains  Exhibited  by  Messrs.  Copestakr,  Moore,  &  Co.,  of  Nottingham. 

This  isarnr  fabric,  which  pop.aesses  the  three  important  advantages  of  greater  durability,  transparency  of  ground,  and  additional  clearness  and  sharpness  of  pattern. 


SECTION  B. 


VEGETABLE  AND  ANIMAL  PRODUCTS. 


1.-TEXTILE  MATERIALS. 

COTTON,  SILK,  WOOL,  ALPACA,  FLAX,  JUTE,  ETC. 


COTTON. 

By  P.  L.  Simmonds,  Esq.,  F.S.S.,  F.R.G.S., 

Deputy  Superintendent  for  the  Colonies,  &c.,  International  Exhibition. 

F  the  four  great  textile  mate¬ 
rials  which  form  articles  of 
human  clothing,  Cotton,  Flax, 
Wool,  and  Silk,  not  one  is 
indigenous  to  Europe.  The 
two  first  are  indigenous  to 
America  and  Africa,  and  the 
others  belong  to  Asia.  Yield¬ 
ing  to  many  other  fabrics  in 
beauty  and  texture,  for  health 
and  comfort  in  the  coldest  or 
the  hottest  regions  the  cotton 
fabric  is  invaluable.  The  use 
of  cotton  as  a  material  for 
clothing  appears  to  have  been 
one  of  the  inventions  of  man¬ 
kind.  It  is  not  our  purpose  to  trace  back  the  history  of  cotton  produc¬ 
tion  and  spinning  to  the  earliest  records.  Strabo,  Pliny,  Marco  Polo, 
Herodotus,  and  others,  have  been  often  quoted  as  furnishing  details 
respecting  what  was  then  known  as  to  the  culture  and  use  of  the 
plant  whose  downy  fibrous  matter  now  figures  so  largely  in  the 
commercial  statistics  of  the  world.  Our  business  shall  be  with  the 
cotton  trade  of  the  present  century ;  to  state  in  brief  terms  the  steps 
by  which  it  has  grown  to  its  present  gigantic  proportions.  In  con¬ 
nection  with  the  raw  material,  we  must  incidentally  notice  the 
statistics  of  the  manufacture,  forming  as  it  does  in  the  United 
Kingdom  alone  nearly  a  third  of  that  commercial  enterprise  which 
envelopes  the  globe. 

There  is  no  industry  of  the  present  day  which  has  attained 
such  gigantic  proportions  as  the  cotton  trade.  Fully  three-fifths  of 
the  population  of  the  globe,  estimated  at  1,200,000,000,  are  directly 
or  indirectly  interested  in  its  production  and  use.  After  the  cereals, 
it  is  a  product  of  the  soil  which  employs  more  land  and  more  hands 
than  any  other  in  its  growth,  preparation,  transport  by  land  and  by 
sea,  manufacture,  and  sale.  In  the  process  of  spinning,  dyeing, 
and  finishing,  it  has  afforded  incessant  scope  for  improvements  in 
mechanical  skill,  led  to  the  employment  of  a  great  amount  of  capital 
in  factories  and  self-acting  machinery,  and  given  employment  to  an 
immense  number  of  operatives. 

In  all  its  applications  to  the  wants  of  man  it  has  rendered  services 
which  no  one  can  overlook.  On  whatever  side  we  turn  our  eyes, 
we  find  it  employed  in  our  dwellings,  which  it  decorates  in  various 
ways,  and  it  forms  the  clothing  of  both  men  and  women.  It 
unites  pliability  with  firmness,  elegance  with  strength;  it  combines 


readily  in  various  forms  with  almost  all  other  textile  substances ;  it 
takes  all  colours ;  it  can  be  made  into  the  most  gauzy  tissues  suited 
to  the  demands  of  the  most  opulent,  or  into  the  coarser  and  cheaper 
fabrics  required  by  the  poorer  classes.  And  besides  these  qualities 
it  has  attained  a  wide  and  extended  sale  in  the  principal  markets 
of  the  world,  which  has  already  reached  a  magnitude  unparalleled 
and  yearly  increasing.  Marvellous  as  has  been  the  increase  of  the 
production  of  cotton  and  the  increase  of  cotton  manufactures  in 
Britain,  Europe,  and  North  America,  each  year  adds  a  new  incre¬ 
ment  to  its  amount. 

In  the  first  year  of  the  present  century  the  cotton  goods  exported 
from  the  United  Kingdom  were  valued  at  £355,000.  In  I860  the 
value  of  the  cotton  manufactures  exported  exceeded  £50,000,000, 
and  the  quantity  used  at  home  was  estimated  at  £40,000,000  more. 
But  great  as  is  the  contrast  in  these  figures  they  fail  to  convey  any¬ 
thing  like  an  adequate  idea  of  the  wonderful  strides  that  have  been 

Fig.  105. 


Cotton  Fibres  highlj  magnified. 


made  in  the  productive  powers  of  British  industry,  skill,  and  enter¬ 
prise.  Valued  at  the  prices  obtained  prior  to  181 5,  the  cotton  goods 
now  annually  produced  in  Britain  would  be  worth  upwards  of 
£450,000,000.  In  the  early  part  of  the  ce  ntury  the  average  value 
of  a  yard  of  cotton  was  17£d.,  now  it  is  onl  y  3-|d.  Nor  is  this  all — 
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the  article  produced  at  the  latter  price  is  greatly  superior  in  tex- 
true,  appearance,  and  durability,  to  the  costly  fabrics  manufactured 
prior  to  the  inventions  of  Hargreaves,  Compton,  Arkwright,  and 
others,  to  whose  ingenuity  Britain  is  indebted  for  one  of  the  most 


Fig.  105a. 


Fibres  of  Cotton  and  Flax  contrasted — magnified  400  diameters. 
a  Cotton,  b  Raw  Flax,  c  Manufactured. 


important  of  her  commercial  interests,  and  the  world  for  putting 
within  reach  of  the  poorest  labourer  in  all  countries  luxuries  that  a 
century  earlier  could  hardly  be  obtained  by  the  wealthiest  noble. 

In  Great  Britain  the  importation  of  cotton  wool  in  1800  amounted 


Fig.  106. 


Herbaceous  Cotton  Plant — (Gossypium  hcrbaceum). 


to  only  43,000,000  lbs.:  in  1860  it  had  reached  1,250,000,000  lbs. 
The  total  consumption  of  cotton  on  the  continent  of  Europe  in  1860 


was  1,878,000,000  lbs.  and  in  North  America  421,000,000  lbs. 
Mr.  T.  Bazlejq  M.P.,  calculates  that  not  less  than  5,000,000,000 
of  pounds  of  raw  cotton  are  annually  produced  and  consumed. 
“  If,”  he  says,  “  4d.  per  lb.  be  taken  as  a  fair  average  price,  the 
value  will  be  above  £800,000,000;  and  if  3d.,  which  would  be  too 
low  an  estimate,  the  amount  would  exceed  £600,000,000  sterling. 

“And  if  the  population  of  the  globe  be  1200,000,000,  and  that  of 
the  United  Kingdom,  who  benefit  by  cotton  production,  is  30,000,000, 
what  an  idea  does  it  convey  of  the  wealth,  power,  and  greatness  of 
our  country — that  this  one-four-hundreth  part  of  mankind  should 
import  nearly  one-fourth  of  all  the  cotton  which  the  whole  universe 
produces !” 

As  an  acre  of  land  will  on  the  average  only  yield  100  lbs.  of 
cleaned  cotton,  we  must  have  annually  under  crop,  to  meet  the 
wants  of  Europe  and  America,  23,000,000  acres  ;  and  to  insure  a 
proper  rotation,  not  less  than  69,000,000  acres  of  land  are  required 
for  the  production  of  the  2,300,000,000  lbs.  of  cotton  that  feeds  the 
spindles  of  the  European  and  American  manufactories.  At  least 
an  equal  quantity  is  necessary  for  the  Asiatic  and  African  looms, 
therefore  it  is  fortunate  that  th eGossypium  (Fig.  106)  is  indigenous  to 
so  large  a  portion  of  the  earth’s  surface,  and  that  it  has  been  found 
capable  of  naturalization  in  latitudes  extending  thirty-five  degrees 
on  each  side  of  the  equator. 

The  principal  sources  of  supply  of  cotton  to  Europe  in  1860  were — 

North  America,  .  .  .  1,580,790,000 

Brazil,  ....  22,625,000 

West  Indies,  &c.,  .  .  .  11,880,000 

British  India,  .  .  .  201,740,000 

Egypt,  ....  60,175,000 

1,878,210,000 

To  Great  Britain — 

North  America,  .  .  .  1,115,890,608 

Brazil,  ....  17,286,864 

Egypt,  ....  43,954,064 

British  India,  .  .  .  204,141,168 

Other  countries,  .  .  .  9,666,048 

1,390,938,752 

The  12,419,000  cwts.  of  cotton  imported  into  the  United  King¬ 
dom  in  1860  were  estimated  at  £31,567,000,  and  owing  to  the  ad¬ 
vance  in  price  consequent  on  the  stoppage  of  supplies  from  the 
Southern  States  of  America,  the  11,223,000  cwts.  imported  in  1861 
were  valued  at  £35,940,000.  About  2,500,000  cwts.  have  been 
re-exported  annually  in  the  last  two  years. 

In  the  British  Department,  the  Cotton  Supply  Association  of 
Manchester  show,  in  Class  4,  Eastern  Annexd,  a  case  with  a  large 
selection  of  cottons,  evidencing  the  wide  extent  of  field  from  which 
supplies  may  be  drawn. 

Taking  them  geographically,  we  find  here  exhibited  samples  from 
the  following  localities: — The  Feejee  Islands,  New  Caledonia,  and 
Tahiti. 

In  Australia — Sydney,  Woolloomooloo,  Queensland  (Wide  Bay), 
Northern  Australia,  and  Southern  Australia. 

Indian  Islands,  &c. — Java,  Peros,  Bankos,  Andamans,  Seychelles, 
Philippines,  Japan  and  China,  Siam,  Ceylon,  Tenasserim  Provinces, 
Assam,  Indore,  Pailghaut,  Dholera,  Berar,  Oomerawuttu,  Inglehaut, 
Chingliput  (Sea  Island,  American  seed  and  fine  cotton),  Dharwar 
(American  seed),  Kurrachee  (Egyptian  seed). 

From  Africa  there  are  specimens  from  Egypt,  Algiers,  Shire  Val¬ 
ley,  Onitsha,  Soudan,  Gambia,  Loanda,  Gold  Coast,  Old  Calabar,  and 
other  parts  of  the  west  coast ;  from  Natal  and  Kaffraria. 

From  Asia  and  Europe — Georgia,  Ispahan,  Bagdad,  Khorassan, 
Mossul,  Jaffa,  Smyrna,  Latakia,  Constantinople,  Lanarka,  Catania 
(Sicily),  Enos,  Attica,  Argoly,  and  Karsous. 

From  South  America  there  are  samples  from  Peru,  Payta,  Callao, 
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Bahia,  Maranham,  Maceio,  Pernambuco,  San  Paulo,  Cuenca  (Ecua¬ 
dor),  San  Louis,  and  Bolivar. 

Berbice  and  British  Honduras  also  show  their  cotton  capabilities  ; 
and  there  are  samples  of  cotton  from  Jamaica,  St  Kitts,  Tobago,  and 
East  Caicos. 

From  North  America— Edisto  Island,  New  Orleans,  Mobile, 
Upland. 

Although  this  collection  is  extensive,  it  by  no  means  represents 
all  the  cotton-producing  localities ;  and  from  an  Association  which 
has  especially  devoted  itself  to  the  collection  of  samples,  and  the 
diffusion  of  information  as  to  cotton  cultivation,  which  has  also 
large  funds  at  command,  a  monthly  organ  of  publicity,  and  has 
opened  up  correspondence,  through  mercantile  and  official  channels, 
with  so  many  foreign  countries,  we  had  looked  for  a  better  display, 
and  more  general  public  information  than  is  afforded  in  this  case. 
There  is  not  an  item  of  statistics  appended,  or  a  word  of  guide  as 
to  comparative  values  and  qualities  of  the  cottons,  which  would 
have  been  of  use  to  many  visitors.  The  case  might  have  been 
made  much  more  complete  by  appending  in  all  cases  the  pods, 
showing  by  scale  the  length  of  staple,  and  adding  some  of  the  sub¬ 
sidiary  products  obtained,  such  as  crude  and  ripened  cotton,  seed 
oil,  oil  cake,  cotton  waste  for  paper,  the  hulled  seed,  and  fibre  from 
the  bark  of  the  plant. 

The  cottons  of  the  Southern  States  of  America  are  chiefly  classed 
into  two  groups  New  Orleans  or  Upland,  which  is  of  a  short  staple 
of  a  mean  length  of  1  to  \\  inch,  and  is  grown  inland;  and  that 
cultivated  upon  the  isles  near  the  shores  of  South  Carolina  and 
Georgia,  termed  Sea  Island,  which  is  of  a  long  staple,  averaging  1^  to 
2^  inches.  The  quality  of  cotton  is  distinguished  by  the  length, 
strength,  and  silky  fineness  of  its  fibre,  and  by  its  mellow  white 
colour. 

The  upland  cotton  of  Georgia  is  also  known  by  the  name  of  bowed 
cotton,  owing  to  an  operation  formerly  practised  of  loosening  the 
seed  from  the  cotton  wool  by  striking  the  pods  with  a  stringed  bow. 

The  finest  of  all  fabrics  is  made  from  Sea  Island  cotton,  such 
as  muslins,  sewing  cotton,  &c.,  and  much  of  it  is  used  for  mixing 
with  silk,  worsted,  alpaca,  &c.  From  300  to  400  hanks  to  the 
pound  is  as  high  as  is  regularly  spun  of  this  kind  of  cotton ;  but 
1050  hanks,  or  501  miles,  to  the  pound  was  spun  by  special  effort 
for  the  Exhibition  of  1851  by  Mr.  T.  Bazley. 

New  Orleans  cotton  is  the  great  staple  of  the  spinning  trade,  and 
is  used  for  making  calicoes,  fustians,  velvets,  and  almost  every  kind 
of  cloth  and  article  that  cotton  is  used  for;  being  soft,  white,  of 
medium  staple,  and  clean.  It  is  also  used  for  mixing  with  all  other 
cottons.  New  Orleans  is  usually  spun  from  6  to  30  hanks,  or  14J 
miles  to  the  pound  for  hosiery  and  other  purposes,  and  from  30  to 
80  hanks  for  general  purposes. 

Egyptian  cotton  is  used  for  making  articles  similar  to  those  for 
which  Sea  Island  is  employed  ;  but  it  is  generally  used  for  warp  of 
a  coarser  kind  than  the  Sea  Island.  The  length  to  which  Egyptian 
cotton  is  usually  spun  is  from  60  to  100  hanks  to  the  pound.  It 
is  occasionally,  however,  spun  both  finer  and  coarser.  The  length 
of  staple  is  from  1  to  1-|  inches,  and  it  has  a  fine  easily  spun  fila¬ 
ment. 

Nankeen  cotton  is  of  very  short  fibre,  from  |  to  1  inch  long.  It 
is  not  at  all  an  article  of  commerce  here,  but  at  Malta  and  other 
places  it  is  so,  and  at  Tunis  seems  to  be  preferred  to  the  white 
cotton  of  that  country,  Smyrna,  &c.  It  is  only  spun  from  6  to  14 
hanks  to  the  pound. 

Brazilian  cottons  are  in  good  repute,  and  receive  the  different 
appellations  of  Pernambuco,  Bahia,  Maceio,  Maranham,  &c.  The 
Pernambuco  enjoyed  for  a  long  period  the  reputation  of  being 
superior  to  any  other  than  Sea  Island  or  Bourbon.  Pernambuco 
is  the  principal  cotton-growing  province.  The  interior  possesses 
inexhaustible  fields,  where  cotton. grows  wild;  and  if  proper  roads 


could  be  formed,  its  production  might  be  greatly  extended.  Brazilian 
is  principally  a  warp  cotton,  and  is  used  for  inferior  qualities  and 
coarser  makes  of  ordinary  goods.  It  is  frequently  used  with 
American ;  the  length  of  staple  ranges  from  1  to  1£  inches.  The 
length  to  which  it  is  spun  is  usually  from  40  to  80  hanks  to  the 
pound,  or  10  to  38  miles.  From  some  of  the  Brazilian  cottons 
yarn  up  to  number  250  may  be  spun. 

Some  of  the  cotton  pods  from  Brazil  are  of  a  magnificent  quality, 
the  long  fibres  hanging  pendent  from  the  capsule  to  the  length  of 
6  or  7  inches.  Cotton  is  shown  from  ten  out  of  the  twenty  pro¬ 
vinces  of  this  empire — namely,  from  Rio  Janeiro,  Pernambuco, 
Alagoas,  Amazonas,  Ceara,  Para,  Parahyba,  San  Catharina,  San 
Pedro,  and  Bahia.  It  is  also  grown  in  several  of  the  others. 
Our  supplies  from  Brazil  have  been  declining  of  late  years,  owing 
to  the  establishment  of  cotton  factories  in  Bahia,  Rio,  and  some 
other  provinces,  and  to  the  difficulty  of  transport  to  the  coast  from 
the  interior,  as  cotton  cannot  be  successfully  cultivated  near  the 
coast.  Some  of  the  cotton  shown  from  Brazil  is  of  a  lightish  yel¬ 
low  or  buff,  and  others  of  the  nankeen  colour. 

In  the  Venezuelan  Court  samples  are  shown  from  fifteen  bales 
of  cotton  from  Maracaibo,  imported  by  Messrs.  Stolterfoht,  Sons, 
&  Co.  of  Liverpool,  and  sold  to  Thomas  Bazley,  Esq.,  M.P.,  of 
Manchester,  on  the  11th  April,  1862,  at  2s.  5d.  per  pound.  There 
are  thousands  of  acres  in  the  province  of  Maracaibo,  as  also  in 
Guyana,  Aragua,  and  other  provinces  in  Venezuela,  where  cotton 
of  the  best  quality  might  be  produced  in  any  quantity.  Samples  of 
this  cotton  in  various  processes  of  manufacture  are  also  exhibited 
by  T.  Bazley,  Esq.,  and  raw  cotton  from  many  other  parts  of 
Venezuela  by  sundry  contributors.  From  the  British  West  India 
possessions  there  are  cottons  shown  from  Jamaica,  Barbadoes, 
Dominica,  Trinidad, Demerara,  the  Bahamas,  and  also  from  Hayti. 

In  Martinique  the  cidture  of  cotton  was  never  very  considerable. 
In  1779,  when  it  was  in  the  greatest  favour,  it  did  not  extend  to 
7000  acres.  It  has  almost  gone  out  of  culture  now,  and  in  very 
few  localities  is  the  cotton  plant  met  with.  There  are  three  or 
four  exhibiters,  however,  of  cotton  now. 

The  Antilles  have  always  been  considered  the  original  source  of 
the  long-stapled  cotton.  It  formed  a  portion  of  the  tribute  im¬ 
posed  upon  the  Caribs  by  Columbus.  The  districts  of  San  Fran¬ 
cois,  of  Bailly,  and  other  old-settled  parts  of  Guadaloupe,  and  its 
dependencies  of  Desirade,  the  Saintes,  and  Marie  Galante,  for  a 
long  time  furnished  supplies  to  the  European  markets.  The  cul¬ 
ture  attained  its  greatest  elevation  in  1808,  when  the  exports  had 
reached  1,400,000  lbs.  The  w'ars  of  the  first  Empire,  the  ignorance 
of  the  planters  who  permitted  the  best  varieties  to  degenerate  and 
introduced  commoner  but  more  productive  kinds,  and  the  increas¬ 
ing  demand  for  sugar, led  to  a  rapid  decline.  Meanwhile  immigrants 
from  the  Bahamas  carried  the  seed  from  Guadaloupe  to  South 
Carolina,  and  thus  established  the  element  of  the  commercial  im¬ 
portance  of  the  United  States  in  this  staple,  which  led  to  the  fall  of 
the  colonial  prosperity.  This  was  the  origin  of  the  famous  Sea 
Island  cotton.  For  several  years  past  the  French  government  has 
endeavoured  to  revive  cotton  cultivation  in  this  favoured  part  of 
the  Antilles,  and  one  of  its  agents,  M.  Grellet-Balguerie,  is  endea¬ 
vouring  to  reintroduce  and  establish  the  kinds  most  esteemed  in 
the  Sea  Island  and  Georgia  long-stapled  cottons.  The  exports  of 
cotton  from  Guadaloupe  in  1861  were  33,680  pounds.  There  are 
a  large  number  of  samples  shown,  and  some  of  the  indigenous 
cottons  produce  very  fine  yarn,  as  is  evidenced  by  the  tarlatans 
and  muslins  manufactured  from  it  at  Tarare. 

The  culture  of  cotton  long  flourished  in  French  Guiana,  but  the 
deficiency  of  labour,  the  decline  in  price  of  cotton,  and  the  more 
remunerative  rates  obtained  for  other  products  of  the  soil,  led  to  its 
abandonment.  But  under  the  impulse  of  encouragement  given  by 
the  local  government,  it  is  beginning  to  revive,  and  the  specimens 
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now  exhibited  prove  the  capabilities  of  the  colony  for  furnishing 
supplies  of  excellent  quality.  The  yield  per  acre,  on  high  lands,  is 
stated  to  be  350  lbs.  of  seed  cotton;  and  on  the  low  lands,  500 
to  700  lbs.  of  cotton. 

If  labour  were  but  available  an  inexhaustible  supply  of  cotton  of 
every  description  might  be  produced  in  British  Guiana.  All  kinds 
of  cotton,  from  the  best  long  staple  down  to  the  finest  short 
staple,  might  be  cultivated  there,  as  the  kind  which  does  not  thrive 
in  one  soil  or  climate  could  be  produced  in  another. 

An  extent  of  sea-coast  of  280  miles  from  the  river  Corentyne  to 
the  mouth  of  the  Orinoco,  would  produce  cotton  vieing  with  the 
best  in  the  world.  At  the  commencement  of  the  present  century, 
the  whole  cultivated  surface  of  the  colony  from  end  to  end  was  a 
large  cotton  field.  In  1803  the  exports  amounted  to  46,000  bales, 
of  about  350  lbs.  each.  It  only  requires  some  care  and  attention 
in  collecting  seed  in  order  to  produce  a  fibre  having  the  colour, 
evenness,  and  strength  of  Sea  Island  samples.  Sir  Robert  Schom- 
burglc  doubts  the  opinion  that  the  finest  cotton  will  not  grow  at 
a  greater  distance  than  twenty  miles  from  the  sea.  “  I  have  sent 
(he  says)  samples  of  the  wild  cotton  from  the  interior  of  the  colony, 
which  were  admired  by  competent  judges,  for  thin,  fine  long  staple 
and  silky  appearance.  No  care  whatever  had  been  bestowed  upon 
the  cultivation  of  these  plants,  which  grew  at  a  distance  of  300  or 
400  miles  from  the  coast.”  This  opinion  is  borne  out  by  the  fine 
cotton  grown  in  the  interior  of  Queensland  and  New  South  Wales. 

Cotton  is  shown  from  a  large  number  of  sources  in  Africa  ;  from 
Siberia,  Gaboon,  Abbeokuta,  Natal,  &c.  African  cotton  has  only 
recently  come  into  use,  but  is  found  to  be  excellent  for  hosiery  and 
many  other  purposes.  As  it  cards  and  draws  very  well,  it  is  liked 
by  those  who  have  used  it.  It  is  from  1  to  1 }  inches  long,  and  is 
spun  from  6  to  30  hanks  per  lb.  for  hosiery  purposes ;  and  from  30 
to  60  hanks  for  general  purposes. 

The  Commercial  Association  of  Abeokuta  have  forwarded 
samples  of  cotton  called  cilcasc ,  cleaned  and  bowed,  and  in  seed ; 
ordinary  native  cotton,  and  green,  black,  and  brown  seeded  cottons, 
as  well  as  thread  and  coarser  strong  spun  cotton,  and  cotton  cloths. 
The  Association  states  that  cotton  is  obtainable  in  any  quantity,  and 
is  now  grown  extensively  throughout  the  Zambesi  country.  To 
obtain  a  largely  increased  supply  it  is  only  necessary  to  open  roads 
and  bring  money  to  the  market.  Upwards  of  2000  bales  were 
exported  thence  last  year,  and  this  quantity  would  have  been  doubled 
or  trebled,  if  the  country  had  been  at  peace.  The  present  local 
price  is  but  5d.  per  lb.  Great  quantities  of  cotton  cloths  are  annually 
made,  finding  their  way  to  the  Brazils  and  into  the  far  interior. 

It  appears  from  the  narratives  of  all  African  travellers,  that  cotton 
is  grown  very  extensively  in  all  parts  of  Africa.  Dr.  Livingston 
tells  us  of  vast  ranges  of  country  suitable  for  the  cultivation  of  the 
plant.  In  one  place,  he  says,  “  The  markets  are  well  supplied  with 
provisions  by  great  numbers  of  women,  every  one  of  whom  is  seen 
spinning  cotton  with  a  spindle  and  distaff,  exactly  like  those  which 
were  in  use  among  the  ancient  Egyptians.  The  cotton  was  brought 
to  the  market  for  sale,  and  I  bought  a  pound  for  a  penny.  This 
was  the  price  demanded,  and  probably  double  what  they  ask  from 
each  other.  We  saw  the  cotton  growing  luxuriantly  all  around  the 
market-place  from  seeds  dropped  accidentally.  It  is  seen  also 
about  the  native  huts.  We  met  on  the  road  natives  passing  with 
bundles  of  cops  or  spindles,  full  of  cotton  thread,  and  these  they 
were  carrying  to  other  parts  to  be  woven  into  cloth.”  In  a  coun¬ 
try  so  congenial  to  the  production  of  the  staple,  with  a  population 
naturally  docile,  though  fond  of  display,  there  requires  but  the 
opportunity  and  the  knowledge  that  they  can  at  once  exchange  the 
raw  material,  so  easily  obtained,  for  the  fabric  they  so  highly  prize, 
to  induce  them  to  apply  themselves  to  cultivating  and  collecting  it 
at  such  points  as  may  be  selected  by  the  European  traders  for  mak¬ 
ing  the  exchange. 


The  local  administration  of  the  French  colony  of  Senegal  sends 
some  cotton  (G.  punctatum). 

No  place  is  more  suitable  for  the  culture  of  cotton  than  Senegal, 
since  it  is  found  growing  wild,  is  very  prolific,  and  extremely  hard 
and  durable.  Notwithstanding  the  obstacles  which  at  present  seem 
to  stand  in  the  way  of  its  systematic  culture,  there  is  hope  that  it 
may  be  ultimately  carried  out  with  satisfactory  results.  There  is 
an  immense  extent  of  territory  between  the  two  rivers,  which  might 
be  devoted  to  its  culture.  The  men  of  Cayor,  Oualo,  Fouata  and 
Galam,  grow  cotton  to  supply  their  own  wants,  but  the  facility  with 
which  they  can  procure  European  cotton  goods,  and  the  absence 
of  any  important  demand  hitherto,  has  kept  the  production  within 
narrow  bounds.  Twisted  by  the  hand,  and  woven  in  a  rude  manner 
into  narrow  stripes,  mixed  with  silk  or  wool,  the  indigenous  cotton 
is  converted  into  stuff's  which  serve  in  the  country  for  a  medium 
of  exchange,  and  are  known  at  Bakel  and  St.  Louis  under  the 
name  of  “  pagnes  sor.” 

The  Government  encouragement,  and  the  increase  of  price  re¬ 
sulting  from  the  American  civil  war,  have  directed  commercial 
attention  to  this  quarter  for  supplies.  But  it  is  in  Lower  Senegambia, 
and  towards  Casamance,  that  the  administrative  efforts  have  been 
chiefly  directed.  To  meet  the  demands  for  cultivation  and  to  pre¬ 
pare  the  fibre,  a  complete  stock  of  implements,  gins,  presses,  &c., 
were  imported,  and  the  first  consignment  of  cotton  transmitted  from 
this  quarter  has  been  received.  The  cotton  of  Senegal  is  fine, 
and  shorter  than  the  ordinary  cotton  of  the  Confederate  States, 
but  useful  for  replacing  the  medium  kinds.  The  settlements  of 
Gaboon  and  the  Gold  Coast  also  show  fair  specimens  of  cotton. 

The  cotton  plant  grows  readily  in  Natal.  Last  year  about  2000 
lbs.  weight  were  exported,  the  first  fruit  of  small  experiments. 
The  six  samples  (numbered  201)  shown  in  the  Natal  Court  are 
specimens  of  this  produce.  The  main  difficulty  for  the  present  in 
the  way  of  success  seems  to  be  the  readiness  with  which  the 
colonists  find  more  productive  applications  of  their  energies,  and  the 
unwillingness  with  which  the  Kafir  enters  upon  any  system  of  work 
that  ties  him  to  the  performance  of  a  certain  task  at  a  certain 
time.  The  Colonial  Government  is  at  the  present  time  making  an 
attempt  to  encourage  the  Kafirs  to  grow  cotton.  It  would  be  pre¬ 
mature  to  say  much  as  yet  of  the  prospects  of  this  experiment ; 
but  cotton  in  the  pod  and  in  the  seed  is  shown,  and  also  samples 
grown  and  ginned  by  the  natives. 

The  splendid  specimens  of  cotton  from  Algeria  cannot  fail  to  com¬ 
mand  admiration,  as  they  did  at  the  Paris  Exhibition  in  1855. 
Especially  are  the  samples  of  Georgia  and  Louisiana  cottons  deserving 
of  notice,  and  equal  to  any  produced  in  other  countries  for  their 
colour,  fineness,  and  strength  of  filament.  The  best  authorities 
admit  that  the  quality  cannot  be  excelled,  and  it  only  remains  to 
produce  it  in  quantity,  for  which  labour  and  capital  are  requisite. 

In  the  French  Colonial  Courts,  a  large  collection  of  cottons,  the 
produce  of  Algeria  and  other  colonial  dependencies,  is  shown  in 
glass  jars,  and  fine  and  extensive  branches  of  cotton  with  the  capsules 
arranged  on  the  walls. 

In  the  Italian  Court  there  is  a  good  collection  of  native-grown 
cotton  in  the  pod,  cleaned  and  uncleaned,  with  the  seed,  Nankeen 
cotton,  and  G.  Siamense ,  grown  in  Napoli.  Malta  also  shows  white 
and  Nankeen  cotton,  and  rough  manufactures  of  it. 

On  page  87  we  have  given  diagrams,  drawn  to  a  scale  of  half  the 
natural  size,  showing  the  relative  lengths  of  staple  of  cotton  grown 
in  various  parts  of  India.  This  table  has  been  prepared  from  the 
returns  of  Dr.  J.  Forbes  Watson. 

The  East  Indian  cottons  have  been  very  much  improved  by  at¬ 
tentive  culture  and  better  cleaning  of  late  years,  and  have  become 
largely  in  request  to  meet  the  deficiency  in  supplies  of  American 
cotton,  although  they  cannot  replace  the  qualities  of  superior  Ameri¬ 
can.  Within  the  last  twenty  years  the  general  export  of  raw 
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COMPARATIVE  LENGTHS  OF  STAPLE  OF  INDIAN  GROWN  COTTON. 

NATIVE  OR  INDIGENOUS.— (Scale  half  the  natural  size). 
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cotton  from  India  has  more  than  doubled.  The  imports  into  Great 
Britain  alone  have  advanced  from  85.500,000  lbs.  to  204,000,000 
lbs.  The  indigenous  cotton  of  Berar  is  of  an  excellent  quality, 
and  second  to  none  that  is  grown  in  India.  Madras  and  Surat  is 
the  commonest  of  all  cotton,  being  used  only  for  coarse  cloths  and 
other  articles  of  great  bulk  and  little  value,  and  for  lowering  the 
quality  of  American,  &c.  The  staple  is  from  g  to  1  inch  long,  and 
it  is  usually  spun  from  six  to  fourteen  hanks  to  the  pound.  Bengal 
cotton  is  more  white  and  silky,  and  yields  yarns  to  No.  50. 

There  is  a  very  complete  collection  of  cottons  in  the  Indian 
gallery,  on  the  west  side  of  the  N.E.  transept,  and  Dr.  J.  Forbes 
Watson  has  done  much  to  diffuse  information  as  to  the  culture, 
character,  and  extent  of  supply  of  Indian  cottons. 

In  the  French  settlement  of  Pondicherry  cotton  factories  have 
been  in  operation  for  some  time,  where  are  produced  muslins,  pulli¬ 
cates,  cambrics,  and  coarse  fabrics  called  guineas.  To  M.  Desbassyns 
of  Richmond,  Administrator-general  from  1826  to  1828,  is  due  the 
first  idea  of  a  spinning  and  weaving  factory.  Owing  to  the  efforts 
of  the  first  manager,  M.  Charles  Poulain,  and  the  Government, 
which  granted  large  subsidies,  this  industry  has  prospered  here. 
One  factory,  under  the  management  of  Mr.  Saint  Pol,  has  16,000 
spindles,  and  gives  employment  to  500  workmen.  The  production 
of  thread  is  about  1200  kilogrammes  per  day.  Another  establish¬ 
ment,  that  of  M.  Potier  of  Houssaye,  supplies  the  looms  of  a  great 
number  of  native  weavers.  The  weaving  by  machinery  is  also 
conducted  by  M.  Desbassyns,  who  is  represented  at  Pondicherry  by 
Mr.  Godefroy. 

From  Reunion  or  Bourbon  there  are  five  or  six  exhibitors  of 
cotton.  Although  the  soil  and  climate  are  well  suited  to  the  culture, 
the  production  has  greatly  declined  since  the  possession  of  the  island 
passed  into  the  hands  of  the  French  in  1815.  One  of  the  principal 
colonists,  M.  de  Chateauvieux  of  St.  Leu,  has  lately  made  strong 
efforts  to  bring  under  cultivation  with  cotton  the  waste  lands  in  the 
lower  part  of  the  commune  of  which  he  is  the  administrator. 

The  Bourbon  cotton  makes  a  great  deal  of  waste,  but  it  is  very 
uniform,  pure,  fine,  and  silky,  and  may  be  spun  to  very  high 
numbers. 

Specimens  of  cotton  are  sent  from  Siam,  and  it  is  to  be  regretted 
that  the  Siamese  cannot  be  induced  to  cultivate  it  more  extensively. 
Small  quantities  are  produced  in  the  Lao  country.  The  great 
distance,  and  the  difficulty  of  transport  to  Bangkok,  added  to  the 
scarcity  of  labour,  have  no  doubt  injuriously  operated  in  preventing 
the  development  of  the  trade.  But  for  these  difficulties  there  is  no 
reason  why  the  alluvial  districts  of  Siam  should  not  produce  as  fine 
cotton  as  the  United  States,  West  Indies,  or  Guiana. 

Coverlets  manufactured  in  the  Lao  country  from  native  cotton, 
cotton  thread  coloured  with  native  dyes  from  Tavoy,  and  the 
spindle  usually  employed  for  spinning  cotton,  are  shown  in  this 
collection,  which  is  transmitted  by  Sir  Robert  Schomburgk. 

The  production  of  cotton  in  Cochin  China  might  be  rapidly 
extended  on  the  high  lands  which  border  the  rivers  to  five  or  six 
miles  in  the  interior,  and  at  a  future  day  this  district  may  be  made  to 
supply  the  raw  material  for  a  large  portion  of  the  French  factories. 

The  subject  of  cotton  cultivation  appears  to  be  spreading  through¬ 
out  the  British  colonies,  and  there  can  be  but  little  doubt  that  ere 
long  this  article  will  form  a  principal  staple  of  export  at  places 
where  it  has  never  yet  been  cultivated. 

The  natives  of  Ceylon  have  raised  crops  sufficient  for  their  own 
use  from  time  immemorial,  and  the  native  cloth  is  strong  and  use¬ 
ful.  The  capabilities  of  this  island  for  producing  cotton  of  fine 
quality  and  in  large  quantity,  are  unquestionable.  The  soil  and 
climate  are  considered  to  be  superior  to  that  of  India  for  the  pur¬ 
pose,  and  it  can  be  grown  equal  in  quality  and  cheaper  in  price  than 
that  of  the  United  States.  There  are  at  least  12,000  square  miles 
of  land  admirably  suited  for  its  cultivation,  and  if  the  pioduction 


were  seriously  entertained,  in  a  few  years  one  million  of  bales  might 
be  shipped  from  thence. 

In  the  Indian  collection  a  fine  sample  of  Penang  cotton  is  shown. 
Cotton  has  never  yet  been  extensively  cultivated  in  the  Straits 
settlements.  It  has,  however,  been  long  introduced,  and  the  staple 
of  one  of  the  varieties  now  grown  is  of  a  very  superior  quality,  and 
begins  to  bear  in  six  or  eight  months  after  planting.  Bushes  have 
been  observed  for  six  years  or  more  in  constant  bearing.  The  chief 
obstacles  to  the  culture  here  are  stated  to  be  the  price  of  labour, 
and  the  sudden  vicissitudes  of  climate  from  wet  to  dry. 

The  cultivation  of  cotton  in  the  new  Northern  Australian  colony 
of  Queensland  promises  to  be  a  great  success,  and  the  samples  sent 
to  England  on  this  occasion  have  attracted  great  attention,  and  have 
been  even  thought  worthy  of  notice  in  Parliament  by  Mr.  Bazlev. 
At  the  local  exhibition  in  the  colony,  preliminary  to  the  transmis¬ 
sion  of  the  collection  to  England,  no  less  than  twelve  samples  of 
10  lbs.  each  of  clean  Sea  Island  cotton  were  brought  under  the 
inspection  of  the  jurors,  three  of  which  obtained  silver  medals.  One 
sample  of  upland  or  New  Orleans  cotton  also  gained  a  silver  medal. 
Samples  of  cotton  from  various  other  localities  in  the  colony,  hun¬ 
dreds  of  miles  apart,  were  also  shown,  proving  that  Sea  Island  cotton 
of  fine  texture  and  quality  can  not  only  be  grown  in  the  neighbourhood 
of  Brisbane,  Maryborough,  Gladstone,  and  Rockhampton,  on  the 
coast,  but  upon  the  elevated  table-lands  of  the  colony.  One  sample 
picked  from  plants  grown  in  a  garden  at  Camboon,  upon  the  Upper 
Dawson  river,  rivalled  in  texture  that  grown  upon  the  coast.  The 
first  local  medal  was  awarded  to  Mr.  W.  Cairncross,  of  Banba,  for 
a  sample  of  3  lbs.  of  cleaned  Sea  Island ;  the  second  to  Mr.  J. 
Pratter,  of  Cooper’s  Plains,  who  sends  250  lbs. ;  and  the  third  to 
Mr.  P.  W.  Thompson,  of  Norman’s  Creek.  The  difference  in 
the  quality  of  the  several  samples  was  barely  perceptible.  Mr. 
Pratter  obtained  from  one  acre  (less  six  roods)  about  1200  lbs  of 
seed  cotton,  which  yielded  something  over  300  lbs.  of  a  clean 
marketable  article.  To  illustrate  the  benefits  to  be  derived  from  the 
supply  of  cotton  as  well  as  sheeps’  wool  from  Australia,  a  few  dresses 
have  been  manufactured  from  the  beautifully  fine  lace  thread,  No. 
250,  spun  by  Mr.  T.  Bazley  from  Queensland  cotton,  and  this  blended 
with  fine  yarn  made  from  the  wool  of  sheep  of  the  same  colony, 
has  furnished  a  fabric  resembling  Cashmere  in  softness  and  beauty. 
Some  of  the  Queensland  cotton  has  been  priced  at  3s.  6d.  per  lb. 

From  New  South  Wales  eight  samples  of  cotton  are  shown — one 
grown  on  the  Hunter  River  in  32°  south  lat.  The  Clarence  and 
Richmond  districts,  in  the  northern  part  of  the  colony,  are  stated  to  be 
well  adapted  for  cotton.  One  exhibiter,  who  speaks  from  experience, 
having  been  in  Charleston,  considers  the  climate  and  sort  to  be  of 
the  same  character.  Samples  of  New  South  Wales  cotton  are  the 
finest  in  the  Exhibition,  and  worth  now  about  4s.  per  lb. 

In  New  Caledonia  we  find  two  varieties  of  cotton,  of  which  several 
samples  are  shown — one  obtained  from  Florida,  which  the  Mission 
of  Conception  have  put  largely  into  cultivation ;  the  other  an  indi¬ 
genous  species,  with  a  bluish  tinge  to  the  cotton  wool. 

In  Tahiti,  wild  cotton  ( G .  incuspidatum)  is  found  growing  spon¬ 
taneously.  There  are  two  exhibiters.  It  has  hitherto  not  received 
any  attention,  but  plantations  are  now  seriously  contemplated.  G. 
indicum  and  G.  vitifolium  have  been  introduced.  This  cotton  is 
long,  soft,  and  of  a  clean  white  colour.  The  Government,  desiring 
to  encourage  this  industry,  has  since  1853  offered  a  bounty  on  ex¬ 
portation,  of  20  per  cent,  beyond  the  price  at  Papeiti.  There  is  a 
wild  species  (G.  religiosum )  found  growing  on  the  roads  and  plains, 
on  the  borders  of  the  sea;  of  this  there  are  two  varieties,  one  with  a 
nankeen  cotton,  the  other  white,  of  an  inferior  quality,  and  with 
diminutive  capsules.  The  cultivation  of  cotton  in  the  Feejees  might 
be  advantageously  carried  on ;  and  we  have  received  from  M. 
Berthold  Seemann  beautiful  specimens  of  cotton  grown  in  those 
islands,  which  it  is  proposed  to  place  under  British  protection. 
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Some  of  the  specimens  sent  from  Trinidad  were  from  the  Bocas 
Islands,  which  were  formerly  covered  with  plantations,  but  abandoned 
during  the  last  thirty-five  years.  The  present  specimens  are  from 
the  wild  trees  still  scattered  here  and  there  over  the  islands. 

From  the  Bahamas  specimens  of  the  cotton  indigenous  to,  and 
now  growing  wild  on  these  islands,  is  sent.  The  American  seed 
came  originally  from  the  Bahamas. 

In  the  Peruvian  Court  are  several  specimens  of  fine  cotton  ; 
among  others,  samples  from  the  estate  of  San  Javier  de  la  Nasca, 
situated  about  eighteen  leagues  from  a  port  of  shipment.  Five  hun¬ 
dred  bales  of  Peruvian  cotton  came  across  the  isthmus,  and  were 
imported  by  one  of  the  royal  mail  steamers.  This  cotton  is  of  a 
long  staple,  and  about  equal  in  value  to  Pernambuco.  The  actual 
produce  at  present  is  1,200,000  lbs.  annually,  but  the  estate  is 
capable  of  producing  3,000.000  lbs.  annually. 

It  has  been  demonstrated  that  cotton  of  the  finest  samples  can  be 
produced  in  the  eastern  province  of  the  Cape  Colony,  but  no  effort 
has  been  made  to  test  it  upon  an  exportable  scale ;  no  catalogue 
has  yet  shown  the  quotation  of  any  bale,  or  bales,  of  South  African 
cotton  sold  in  the  home  sales.  Some  of  the  amateur  growers  have 
lost  confidence,  and  urge  that  the  high  winds  destroy  the  plants. 
This  is  true  of  some  kinds  of  seed,  but  the  planters  have  yet  to  find 
out  the  sort  best  suited  to  the  soil  and  climate.  The  cotton  shrub 
indigenous  to  the  colony  would,  if  cultivated,  produce  a  marketable 
and  remunerative  article,  worth  probably  tenpence  per  pound. 

Cotton  grows  in  Cochin  China  spontaneously,  and  France  is  look¬ 
ing  forward  to  obtain  supplies  from  thence.  It  is  termed  in  the 
country  “  short  silk,”  and  is  said  to  be  nearly  as  good  quality  as 
New  Orleans.  Its  thread  is  long,  soft,  and  silky;  and  its  colour  a 
clear  white ;  2,000,000  lbs.  weight  has  been  exported  from  Lower 
Cochin  in  one  year,  half  of  which  was  sold  at  Saigon.  The  soil  of  the 
entire  country  is  suited  to  its  culture,  but  the  inhabitants  do  not  much 
attend  to  its  growth,  as  they  consider  it  too  laborious.  The  largest 
portion  raised,  is  spun  and  worked  up  by  the  natives  for  local  use. 


and  has  translated  and  published  here  the  treatises  of  Dr.  Guerin 
de  Meneville  on  the  subject. 

The  production  of  silk  is  an  important  branch  of  industry,  open 
for  future  skill  and  exertions  in  many  of  our  colonies.  In  Victoria 
copious  plantations  recently  formed  of  the  quickly-growing  Chinese 
mulberry  tree,  testify  that  many  of  the  colonists  are  persuaded  of 
the  great  importance  of  encouraging  this  branch  of  rural  economy. 
Queensland,  New  South  Wales,  South  Australia,  Mauritius,  and 
Natal,  contribute  small  samples  of  silk,  evidencing  what  might  be 
done  by  pains  and  attention  at  some  future  day. 

Silk  culture  in  Austria  is  confined  to  the  southern  and  Adriatic 
provinces  of  the  empire,  having  reached  its  highest  development  in 
the  Venitian  provinces  and  Southern  Tyrol.  Trials  made  in  the 
other  provinces  have  not  as  yet  been  attended  with  much  result. 
The  annual  average  production  of  cocoons  amounts  to  270,000  to 
300,000  cwts.,  of  which  in  1860  there  were  sent  to  other  countries 
6000  cwts.  The  principal  samples  of  Austrian  silk  are  shown  under 
Class  20.  The  number  of  persons  permanently  employed  in  the  silk 
industry,  and  temporarily  for  a  month  or  two  after  the  collection  of 
the  cocoons,  is  about  100,000.  The  collective  exhibition  (No.  793), 
of  the  Vienna  silk  manufacturers  is  a  very  interesting  study.  Eighty- 
three  spinning  establishments,  with  nearly  4000  boilers,  steam  power 
for  heating  and  mechanical  motion,  are  at  work  in  Austria. 

Italy  has  long  been  famous  for  its  silks,  and  although  the  silk 
growers  and  manufacturers  do  not  make  so  good  a  display  here  as  was 
done  on  their  own  soil,  in  the  Florentine  Exhibition  last  year,  yet  the 
practised  eye  cannot  but  be  struck  by  the  splendid  specimens  shown 
in  the  Italian  court,  by  one  hundred  and  thirty-three  exhibiters,  in 
Classes  iv.  and  xx.  The  annual  productions  of  the  silk  worm  in 
Italy  was  recently  estimated  by  Mr.  T.  Winkworth  at  upwards  of 
£12,000,000  sterling:  4232  tons  of  raw  silk  are  produced  ;  and  there 
are  984  tons  of  refuse  silk  after  reeling  worked  up  ;  1970  tons  of 
native  silk  are  thrown  into  organzine  and  tram,  and  half  as  much 
Chinese  and  Italian  silk. 


SILK,  WOOL,  AND  ALPACA. 

By  P.  L.  Si.MMONDS,  F.S.S.,  F.R.G.S., 

Deputy  Superintendent  for  the  Colonies,  &c., 
International  Exhibition. 

OME  idea  may  be  formed  of  the  impor¬ 
tance  of  the  silk  trade  of  the  United 
Kingdom  from  the  fact,  that  our 
average  annual  import  of  raw  silk 
in  the  eight  years  ending  with  1859 
was  nearly  1,500,000  lbs.,  exclusive 
of  more  than  3,500,000  lbs.  of  waste 
silk,  and  knubs  or  husks.  In  1860 
and  1861  the  import  has  averaged 
9,000,000  lbs.  of  raw  and  thrown, 
and  last  year,  290,627  cwts.  of  waste  was  re¬ 
ceived.  The  sources  of  supply  have  much  changed 
of  late  years — Italy  and  Syria  now  furnish  us  with  very  little,  the 
supplies  from  France  fluctuate,  and  we  are  chiefly  dependent  on 
the  coarse  silks  of  the  East.  There  are  nearly  five  hundred  silk 
factories  in  Great  Britain,  in  which  5176  horse  power  is  employed, 
and  a  capital  of  about  £50,000,000  sterling,  which  gives  employ¬ 
ment  to  nearly  one  million  persons.  In  the  Eastern  Annexe  we 
have  one  exhibiter  of  British  raw  silk,  in  G.  Mason,  of  Yately,  Hants, 
who  shows  fine  cocoons,  hanks  of  raw  silk,  and  fabrics  made  of  it, 
and  the  waste  for  spinning.  Lady  Dorothy  Neviell,  of  Dangstein 
Park,  Petersfield,  has  lately  been  giving  great  attention  to  the  intro¬ 
duction  of  the  Alianthus  silk  worm  ( Bombyx  mori )  into  this  country, 


Silk  Worm  Moth— Bombyx  Cynthia. 

The  exhibiters  chiefly  deserving  notice  are  Baospano  of  Alexan¬ 
dria  (1375),  Bertarelli  of  Cremona  (1382),  Bellino  Brothers,  Turin 
(1378),  Rossi  of  Sondrio  (1464),  raw  silks  and  yarns;  Keller  of 
Turin  (1430),  raw  and  manufactured  silk  from  the  filatures  and 
throwing  mills  in  Villaroveto  and  Mandello ;  Lanzano  Brothers, 
Milan  (1431),  waste  silk  from  the  inner  coarse  part  of  the  cocoon 
manufactured  by  hand  and  machine. 

Russia  shows  a  fine  collection  of  raw  silks  under  Class  20,  and  we 
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may  especially  enumerate  those  numbered  395,  401,  and  403  ;  but 
unfortunately,  all  the  labels  being  in  Russian,  no  information  as  to 
exhibiters  or  localities  can  be  given. 

The  number  of  exhibiters  of  silk  from  France  is  very  large, 
and  includes  individual  and  collective  exhibitions,  as  well  as  those 
of  many  societies.  There  are  also  many  exhibiters  from  the  French 
colonies,  whom  it  would  be  impossible  to  enumerate  in  detail.  There 
are  fine  yellow  cocoons  and  silks  from  Cochin  China,  shown  by  Vice- 
admiral  Charner.  The  Horticultural  and  Acclimatization  Society 
of  Montauban,  exhibits  sixteen  varieties  of  improved  cocoons  with 
the  raw  silk.  M.  Tessier  du  Cros  (8107)  has  an  interesting  collection 
of  cocoons  comprising  the  following  varieties:— Yellow,  from  Smyrna; 
white,  Adrianople;  white,  Lefha,  Anatolia;  saffron,  Archipelago; 
white,  Mehemet  effendi ;  green,  Archipelago  ;  yellow,  of  France  (old 
melauie  breed) ;  white  (old  breed),  white  Montauban ;  white, 
Cahors;  white,  Adrianople;  yellow,  Valuclion.  This  exhibiter  has 
carried  off  nine  medals  from  the  Society  for  the  Encouragement  of 
National  Industry. 

No.  880 — In  the  collection  of  the  Imperial  Acclimatization  Society 
of  Paris  there  will  be  found  a  very  interesting  collection  of  silk 
moths,  cocoons,  and  their  products,  comprising  11  species — namely, 
the  silk-moth  of  the  Japan  mulberry,  of  the  castor  oil  plant  of 
India,  Bonibyx  arrindia,  of  the  Ailauto  ;  of  China  (B.  cynthia ),  the 
wild  silk-moths  of  the  oaks  of  China,  of  India,  and  of  Japan  ( B . 
pernyi,  B.  mylitta,  and  B.  yama-mai ) ;  B.  cecropin  of  North 
America,  B.  anrota,  and  B.  speculum  of  Central  America,  and  B. 
atlas  and  B.  seleue  of  India. 

From  Pondicherry  M.  Serottet  sends  raw  and  waste  silk  and 
cocoons  of  the  larva  of  the  handsome  Bombgx  mylitta.  For  several 
years  past  he  has  transmitted  living  cocoons  of  this  moth  to  France, 
and  the  worms  have  fed  well  on  the  oak  leaves  of  the  forests.  He  also 
exhibits  five  cocoons  of  another  Bombyx  of  great  beauty,  the  name 
of  which  is  not  known.  The  worm  feeds  on  the  leaves  of  the 
Odina  wodier.  Raw  white  silk  is  also  shown,  obtained  from  the 
eighth  generation  of  the  worm  of  the  Bombyx  mori  at  the  experi¬ 
mental  establishment  of  Pondicherry  in  1859.  The  silk,  which  is 
spun  from  5-6  cocoons,  is  about  11 J  to  12  deniers  fineness,  and  sells 
at  Lyons  at  from  75  to  95  francs  the  kilogramme. 

Bengal  silk  is  not  much  esteemed  in  this  country.  For  some 
years  foreigners  were  the  largest  consumers  of  the  better  classes, 
but  now  they  seem  to  have  enough  of  their  own  silks,  aided  per¬ 
haps  by  Japan  silk,  for  their  restricted  consumption;  and  the  lower 
class  qualities  have  been  effectually  kept  out  of  consumption  by  the 
abundance  and  moderate  prices  of  the  common  classes  of  China  and 
Japan  silk.  In  1850  we  received  346,847  lbs.  of  India  silk,  but  in 
the  last  two  years  the  average  import  has  been  only  110,000  lbs. 
The  interesting  case  of  Indian  silk  moths,  cocoons,  and  other  pro¬ 
ducts,  arranged  by  Mr.  Moore  in  the  Indian  gallery,  deserve  special 
notice  by  all  interested  in  silk  culture,  as  well  as  by  the  ordinary 
visitor. 

Since  the  opening  of  the  ports  of  Japan,  a  large  quantity  of  silk 
has  been  received  from  thence.  At  first  it  realized  from  15s.  to 
30s.  The  quality  has  not  been  found  equal  to  the  expectations 
formed  at  its  early  introduction,  and  like  China  silk,  its  character 
has  deteriorated  ;  it  is  now  inferior  in  quality  and  much  more  mixed. 
The  total  imports  here  in  the  last  three  years  have  been  17,295 
bales  of  103  lbs.  nett,  of  which  14,709  bales  were  taken  by  manu¬ 
facturers.  Lord  John  Hay  shows  raw  Japanese  silk,  and  Messrs. 
Remi,  Schmidt,  &  Co.,  have  an  interesting  collection  of  the  silks 
and  cocoons  of  Japan.  In  the  case  of  the  latter,  there  are  some 
very  curious  wild  cocoons  from  Japan,  especially  a  lace  cocoon  , 
which  appears  to  be  underscribed,  and  the  large  wild  green  cocoons  ; 
of  the  Bombyx  Yami-mai  —  the  caterpillar,  moth,  and  cocoon, 
of  which  have  been  figured  and  described  by  M.  Guerin  de  Meneville 
in  the  Paris  Ilevue  ct  Magazin  dc  Zoologic  for  1861.  The  value 


of  the  raw  silk  imported  into  this  country  from  Japan  in  1860  was 
£90,1 15,  and  the  value  of  that  named  last  year  was  higher,  notwith¬ 
standing  the  decline  in  price. 

The  following  is  an  approximate  estimate  of  the  production  of 
silk  in  Japan,  computed  by  Mr.  F.  Howard  Vyse,  the  British  Con¬ 
sul  at  Ivanagawa  : — - 


Provinces. 

Bales. 

Disposition. 

Sinchiou, 

20,000 

Half  of  this  is  sent  to  Miako  market. 

Djossiou, 

5,000 

The  greatest  part  is  sold  at  Kanagawa. 

Aussiou, 

45,000 

Three  -  fourths  of  this  is  sent  to 
Miako,  the  remainder  to  Kanagawa. 

Mino,  ...  ...  ... 

10,000 

Three-fourths  sent  to  Miako. 

Elssion, 

5,000 

Almost  all  to  Miako. 

Kanga,  ... 

5,000 

All  to  Miako. 

Tanba,  Tango,  &  Taazima, 

6,000 

All  to  Osaka  and  Miako. 

I  leva,  ... 

6,000 

Three-fourths  to  Miako. 

Itchizein, 

3,000 

One-fourth  is  sent  to  Miako. 

Itchingo, 

3,000 

3,000 

Almost  all  to  Miako. 

Kossion,  . 

The  greatest  part  is  sold  at  Kana¬ 
gawa. 

Boussiou, 

Tchigondzein,  Chingo, 
Tchikoungo  Chizein, 

2,000 

Do.  do. 

A  part  of  this  is  sent  to  Nagasaki, 
the  remainder  is  used  at  the  place, 

and  Oseuini, 

10,000 

or  sent  to  Miako. 

Noto,  ... 

2,000 

All  to  Miako. 

Shida, . 

10,000 

Three-fourths  to  Miako. 

135,000  bales,  07,500  piculs. 

Incidental  mention  may  have  been  made  of  a  collection  of  manu¬ 
factured  articles  transmitted  by  Sir  R.  Schomburgk,  British  consul 
at  Bankok.  These  are  made  principally  of  silks  in  the  tributary 
states  of  Siam,  the  Lao  country,  which  lies  to  the  north  of  Siam 
proper  and  borders  the  southern  provinces  of  China,  as  Kiang-tung 
and  Yunnan.  The  dress  of  the  men  and  women  in  the  Lao  country 
approaches  more  the  Burmese  than  the  Siamese.  The  women  wear 
petticoats  in  lieu  of  merely  the  piece  of  cloth  which  is  wrapped  from 
the  loins  to  the  knee  of  the  Siamese,  leaving,  with  the  excep¬ 
tion  of  a  shawl  to  cover  the  breast,  the  other  parts  exposed ;  and 
the  men  of  the  Laos  tribes,  generally  speaking,  are  likewise  clad 
in  a  more  substantial  manner  than  the  Siamese. 

The  petticoats  of  the  Lao  are  manufactured  from  the  raw 
Chinese  silks  brought  by  caravans  from  the  South  of  China. 
They  are  embroidered  with  gold  thread  and  coloured  silk,  and 
are  woven  with  handlooms  in  the  most  primitive  manner ;  so 
rude  indeed  are  they,  that  the  supporters  or  posts  of  the  machine 
are  fixed  into  the  ground  under  the  shed,  which  at  the  same  time 
serves  as  the  principal  habitation,  or  as  an  outbuilding.  Here  the 
woman  sits  before  the  loom,  and  guides  the  horizontal  thread  by 
means  of  the  shuttle  with  her  hand.  The  same  process  is  followed 
as  regards  the  manufacture  of  the  waist-cloths  for  men,  and  the 
coarser  cotton  fabrics,  as  blankets  or  coverlets,  hammocks,  shirts, 
&c.  The  head  cushions  used  are  made  of  a  softer  substance  than 
the  head  stool  of  the  ancient  Egyptians.  They  are  sometimes  richly 
ornamented. 

WOOL. 

By  P.  L.  Simmonds,  F.S.S..,  F.R.G.S  , 

Deputy  Superintendent  for  the  Colonies,  &c.,  International  Exhibition. 

HE  demand  for  wool  is  increasing  very  rapidly 
in  all  countries;  but  the  production  is  at  present 
insufficient  to  meet  the  demand.  The  United 
Kingdom  itself  produces  a  larger  amount  of  wool 
than  any  other  country  in  the  world,  but  sheep 
are  kept  here  more  for  the  supply  of  meat  than 
of  wool.  The  home  production  of  wool  is  esti¬ 
mated  at  fully  two  hundred  million  lbs. ;  and  the  imports  of  all 
kinds  of  foreign  and  colonial  wool  were,  in  1860,  more  than  one 
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hundred  and  forty-eight  million  lbs.,  of  which  quantity  about 
thirty-one  million  lbs.  were  re-exported.  Notwithstanding  our  large 
imports  and  home  production,  various  expedients  and  substitutes 
have  been  resorted  to  on  an  enlarged  scale.  The  use  of  cotton  in 
■woollen  and  worsted  fabrics  has  been  vastly  augmented,  and  the 
manufacture  of  rag  wool  (which  consists  of  old  worn-out  woollens 
torn  up),  has  been  developed  into  quite  an  important  branch  of 
business.  At  least  fifty  million  lbs.  of  this  shoddy  is  worked  up 
annually,  and  the  foreign  imports  of  woollen  rags  to  be  torn  up  and 
used  as  a  substitute  for  wool  amounted,  last  year,  to  more  than 
seventeen  million  lbs. 

The  British  woollen  manufacture  engages  upwards  of  £33,000,000 
of  capital,  and  constitutes  a  fourth-part  of  our  textile  manufactures, 
giving  employment  to  about  900,000  persons.  The  sources  of 
supply  of  wool  of  all  kinds  to  the  United  Kingdom  have  been  as 
follows,  in  bales: — 


Countries. 

1850. 

1855. 

I860. 

German)-,  ----- 

30,491 

12,710 

14,600 

Australia,  ----- 

138,679 

163,182 

184,000 

Cape,  ------ 

19,879 

38,272 

56,356 

Spanish,  ----- 

2,105 

213 

4,183 

Portugal,  ----- 

7,361 

4,522 

24,503 

Peruvian  and  Alpaca, 

39,731 

42,070 

69,075 

East  India  and  China,  - 

9,701 

43,167 

62,651 

Russian,  ----- 

9,758 

1,006 

21,445 

Mediterranean  Ports,  -  - 

13,432 

12,066 

18,162 

Buenos  Ayres,  -  -  - 

3,841 

6,338 

5,058 

Sundries,  ----- 

3,041 

5,986 

15,650 

Goat’s  wool,  -  -  -  - 

13,139 

14,154 

11,897 

Total  bales,  -  -  - 

291,161 

343,686 

487,580 

Compared  with  1851,  the  raw  materials  shown  on  the  present 
occasion,  are  very  deficient  in  number  and  quantity.  Woods  are 
perhaps  an  exception ;  but  animal  and  vegetable  produce  gene¬ 
rally,  the  raw  materials  of  manufactures,  are  not  numerous.  In 
the  British  Department  there  is  scarcely  a  specimen  of  wool  in  the 
Eastern  AnnexA  The  Royal  Agricultural  Society’s  wall  case  of 
samples  of  British  wools  is  not  yet  filled.  Messrs.  Barry  Brothers 
(967)  show  sheepskins  ;  Messrs.  Breudt  &  Levy,  and  Jowitt  &  Sons 
of  Leeds,  low  wools ;  Mr.  G.  Mannings  of  Devizes,  Wiltshire 
fleeces ;  the  Duke  of  Marlborough,  Oxford  Down  wool  and  blankets, 
made  from  it;  and  Mr.  C.  Dorrein  of  Chichester,  specimens  of  his 
fine  Sussex  merinos ;  and  this  is  absolutely  all  the  British  exhibits. 
The  wools  of  this  country  are  of  good,  strong,  and  useful  qualities, 
although  not  of  such  fine  description  as  the  Saxony,  Spanish,  and 
Australian  merinos.  Magnified  representations  of  wool  of  different 
degrees  of  fineness,  are  shown  in  fig.  Ill,  p.  97. 

Of  the  whole  of  the  Australian  colonies  New  South  Wales  takes 
the  lead  in  pastoral  industry,  although  Victoria  now  approaches  it 
closely.  When  the  Census  returns  were  taken  last  year,  there  were, 
in  the  colony,  upwards  of  6,000,000  of  sheep,  which  was  at  the 
rate  of  1700  sheep  to  every  hundred  of  the  population.  Victoria 
had  at  the  same  time  5,794,000  sheep ;  Queensland,  3,450,000 ; 
South  Australia,  2,825,000;  Western  Australia,  250,000;  and 
Tasmania,  1,701,000. 

From  New  South  Wales  the  flocks  and  herds  of  all  the  other 
Australian  colonies  derive  their  origin.  In  1797,  Captain  John 
Macarthur  of  Camden  (a  name  which  must  ever  occupy  the  first 
rank  in  the  annals  of  Australian  progress),  being  struck  with  the 
remarkable  effect  of  the  climate  of  New  South  Wales  on  the  fleeces 
of  the  sheep  which  had  been  imported  into  or  bred  in  the  colony, 
obtained  from  the  Cape  of  Good  Hope  three  rams  and  five  ewes  of 
pure  Spanish  merino  blood,  and  crossed  all  his  coarse-woolled  ewes 
with  the  Spanish  rams.  This  result  exceeding  his  most  sanguine 


expectations,  he  took  an  opportunity  whilst  in  this  country  in  1803, 
of  bringing  under  the  notice  of  the  Government  the  importance  of 
encouraging  the  growth  of  fine  wool  in  the  colony,  by  making  grants 
of  unoccupied  lands  to  the  flock-masters.  The  concluding  words  of 
his  statement  laid  before  Lord  Hobart  (then  Secretary  of  State  for 
the  Colonies)  in  1803,  are  worth  recording: — 

“  Captain  Macarthur  is  so  convinced  of  the  practicability  of  sup¬ 
plying  the  country  with  any  quantity  of  fine  wool  it  may  require, 
that  he  is  earnestly  solicitous  to  prosecute  this,  as  it  appears  to 
him,  important  object;  and,  on  his  return  to  New  South  Wales,  to 
devote  his  whole  attention  to  accelerate  its  complete  attainment. 
All  the  risk  attendant  on  the  undertaking  he  will  cheerfully  bear  ; 
he  will  require  no  pecuniary  aid;  and  all  the  encouragement  he 
humbly  solicits  is,  the  protection  of  Government,  and  permission  to 
occupy  a  sufficient  tract  of  land  to  feed  his  flocks.” 

In  1796  the  number  of  the  sheep  in  the  colony  was  only  1531, 
and  from  this  stock  has  sprung  the  vast  flocks  which  were  feeding 
on  the  natural  grasses  of  Australia  in  the  close  of  1860,  numbering 
iu  all  more  than  20,000,000. 

The  exports  of  wool  from  Sydney  in  1860  amounted  to  nearly 
13,000,000  lbs.,  of  the  estimated  value  of  £1,124,000.  Besides  this 
a  considerable  quantity  crossed  the  Murray  river  for  shipment  at 
Melbourne,  and  was  sent  down  the  Darling  for  shipment  at  Ade¬ 
laide.  In  the  last  ten  years  there  have  been  exported  from  Sydney 
not  less  than  159,000,000  lbs.  of  wool,  of  the  estimated  value  of 
upwards  of  £11,000,000. 

Among  the  samples  which  may  be  noticed  in  the  New  South 
Wales  court  are  (249) — the  fine  scoured  wool  in  four  qualities  of 
Messrs.  Clive,  Hamilton,  and  Traill,  the  first  quality  of  which  is  so 
fine  and  good  that  a  price  can  scarcely  be  fixed  for  it,  but  it  may 
be  valued  at  4s.  to  4s.  6d.  per  lb.  This  is  the  well-known  C.  Y. 
brand.  There  are  locks  of  hogget  and  ewe  wools  4§  to  5  inches 
long ;  241,  the  fleece  wool  washed  on  sheep’s  back,  shown  by  Mr. 
Edwin  Marlay,  is  of  an  excellent  quality ;  243  is  fleece  wool  of  the 
Leicester  breed,  scarcely  suited,  however,  to  the  colony,  for  the  wool 
loses  quality  which  it  is  impossible  in  the  climate  to  get  weight  to 
compensate  for  ;  240,  the  wool  of  E.  K.  Cox,  is  of  excellent  qua¬ 
lity  and  character  ;  251,  scoured  wool  shown  by  Messrs.  G.  II.  &  A. 
B.  Cox  is  worth  3s.  6d.  a  pound  ;  260,  in  the  grease,  also  by  them, 
is  good  wool ;  242,  washed  fleece  wool  shown  by  Messrs.  Lord 
and  Ramsay,  is  from  sheep  the  progeny  of  the  Merino  stock  of  the 
Messrs.  Macarthur  of  Camden,  originally  from  George  III.’s  stock 
at  Kew.  In  1824  this  wool  sold  as  high  as  10s.  3d.  a  pound. 
This  sample  is  not  well  got  up — it  is  too  much  washed,  and  the 
character  and  quality  are  seen  better  in  the  grease  ;  252,  Messrs. 
Ebsworth  and  Company  show  the  fleece  of  a  colonial  bred  ram, 
weighing  in  the  grease  10|  lbs.;  249  is  the  well  known  double  B. 
brand  of  Sydnej7  wool. 

The  broad  cloths,  merinos,  shawls,  elysiums,  poplins,  and  other 
fabrics  made  from  New  South  Wales  wool  in  this  court,  show  the 
high  character  of  the  wools  of  this  colony. 

Passing  to  the  adjoining  court,  we  come  upon  another  wool-pro¬ 
ducing  colony — Queensland,  formerly  constituting  the  northern  por¬ 
tion  of  New  South  Wales,  but  in  1861  erected  into  a  separate  colony. 
The  export  of  wool  from  Queensland  in  1860  was  upwards  of 
51,000,000  lbs.,  valued  at  an  average  of  21  Jd.  per  lb.,  and  the  num¬ 
ber  of  sheep  is  close  on  3,500,000.  The  principal  contributors 
of  wool  are  Messrs.  Balfour,  Biggs,  and  Marsh,  M.P.  There  are 
wools  of  a  ram  hoggett  weighing  4  lbs.  7  oz.,  the  first  cross  by  im¬ 
ported  rams  bred  by  Mr.  Godin,  senior,  of  Latillon,  Burgundy. 
There  are  others  weighing  4  lbs.  5  oz. ;  second  cross,  3  lbs.  12  oz., 
and  some  merinos,  4  lbs.  Mr.  J.  Balfour  shows  22  fleeces  from  his 
Clinton  stock  of  merinos,  weighing  5  lbs. — the  average  of  his  fleeces 
being  3  lbs.  14  oz.,  and  the  wool  of  first  crosses  from  Spanish 
merinos  from  the  imperial  farm  of  Gevrolles  and  from  Chatillon. 
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Messrs.  F.  and  F.  Biggs  send  13  fleeces  of  fine  wool.  Mr.  M. 
H.  Marsh,  M.P.,  shows  some  fine  varieties  of  wool  of  the  silky  new 
merino  Mauchamp  race  of  M.  Graux,  and  broadcloths  of  his  wool, 
and  fleeces,  the  produce  of  French  merino  rams,  from  Rambouillet, 
Gevrolles,  and  the  flock  of  M.  Godin  of  Chatillon,  France. 

Although  there  is  a  present  demand  for  clothing  wool,  the  Aus¬ 
tralian  sheep  farmers  would  be  very  wrong  to  direct  their  atten¬ 
tion  to  the  production  of  coarse  wool,  instead  of  the  finer  wool  for 
which  the  climate  is  so  especially  adapted.  The  German  farmers, 
who  labour  under  disadvantages,  and  who  in  many  cases  have  to 
protect  their  sheep  from  the  inclemency  of  the  weather,  might,  on 
the  contrary,  produce  clothing  wool  on  a  more  extensive  scale  to 
the  advantage  of  their  population,  who  would  gain  in  food  by  the 
larger  carcass  ;  while  the  Australian  colonists  might  be  left  to  sup¬ 
ply  the  fine  wools  required  for  broadcloths,  and  for  which  their 
climate  and  pastures  are  so  well  suited. 

From  South  Australia  some  very  fair  samples  of  wool  are  sent 
by  seven  or  eight  exhibiters.  The  most  important  samples  are 
fleeces  forwarded  by  Messrs.  Peacock  and  Son,  weighing  respectively 
7,  5,  and  4  lbs.,  and  from  4  to  11  inches  staple  ;  and  Mr.  J.  Bur¬ 
nett,  6J,  41,  and  lbs.  weight,  and  measuring  7,  9,  and  10  inches 
in  the  locks.  Mr.  J.  F.  Haugh  exhibits  6  fleeces  of  Angora  and 
Alpaca  wool  reared  by  him  in  the  colony.  Angora  goat’s  wool  is 
also  sent  from  Victoria,  and  the  animal  is  now  reared  in  the  Cape 
colony  and  Algeria. 


Europe,  worth  more  than  £20,000,000  sterling.  Notwithstanding 
the  counter-attractions  of  the  gold  fields,  the  crop  of  wool  has  not 
declined,  but  sheep  farming  is  pursued  as  steadily  and  profitably 
as  ever.  The  shipments  of  wool  from  the  colony  in  1860  exceeded 
24,250,000  lbs.,  and  the  number  of  sheep  owned  there  is  about 
6,000,000. 

Among  the  choice  wools  exhibited  are  portions  of  sixteen  bales 
sent  by  Mr.  Clough,  and  wool  with  the  mark  J.  B.,  in  a  circle, 
the  growth  of  Mr.  J.  Bon,  Devil’s  river,  who  has  15,000  sheep. 
The  other  chief  exhibiters  are  Mr.  Skene,  who  owns  25,000 
sheep;  the  estate  of  Binn  Bank,  30,000;  Ardachy,  20,000;  Waur- 
rough,  20,000 ;  Gray,  25,000 ;  and  Winter  Brothers,  50,000. 

Eight  glazed  cases  of  Victoria  wools  in  this  court  are  deserving 
of  special  notice,  as  each  contains  twelve  fleeces  of  the  following 
characters  of  wool  with  the  specified  weights : — 

1.  Greasy  merino,  grown  by  J.  S.  Currie,  Lasee-Cressy,  of  first- 
class  quality.  Weight  of  fleeces  : — 


3  Ewes,  . 

3  Wethers, 
3  Hoggetts, 
3  Lambs, 


22  lbs.  6J  oz. 
29  lbs.  13J  oz. 
22  lbs.  13  oz. 
14  lbs.  1 1  oz. 


2.  Washed  merinos,  by  the  same  grower 


Weight  of  fleeces: — 


3  Ewes, 

3  Wethers, 
3  Hoggetts, 
3  Lambs, 


11  lbs.  7  oz. 
17  lbs.  15  oz. 

12  lbs.  5  oz. 

7  lbs.  lj  oz. 


Fig.108. 


Wool  trophy  iu  the  Victoria  Court. 


3.  Washed  merinos,  by  T.  M‘K  ellar, 
Weight  of  fleeces  :  — 

3  Ewes,  ...... 

3  Wethers,  ...... 

3  Hoggetts,  ...... 

3  Lambs,  ...... 


Kanawalla,  Hamilton. 


9  lbs.  13J  oz. 

11  lbs.  12|  oz. 

12  lbs.  15  oz. 

8  lbs.  8  oz. 


4.  Washed  wool,  by  G.  A.  Browne,  Mount  Emue  : — 


3  Ewes, 

3  Wethers, 
3  Hoggetts, 
3' Lambs, 


13  lbs.  10  oz. 
16  lbs.  12  oz. 
13  lbs.  8  oz. 
6  lbs.  13  oz. 


This  farm  contains  25,000  sheep. 

5.  Sundry  prize  samples  of  wool,  exhibited  by  J.  H.  Clough  & 
Company,  wool-brokers,  Melbourne  : — 


3  Fleeces  each  of  Negretti, 

3  “  “  weighing, 

1  Hoggett  fleece, 

1  Ewe  and  1  Lamb  fleece,  each 


14  lbs.  5  oz. 

12  lbs.  14J  oz. 
3  lbs.  5  oz. 

2  lbs.  6J  oz. 


6.  Twelve  fleeces  of  greasy  wool,  grown  by  T.  &  S.  Learmonth, 
Ercildoun,  Burnumbul,  which  obtained  the  highest  reward  for  merit 
at  the  Exhibition  in  the  colony — a  double  first-class  certificate  : — 


7. 


3  Ewes,  . 

3  Wethers, 
3  Hoggetts, 
3  Lambs, 


20  lbs.  3  oz. 
23  lbs.  13  oz. 
22  lbs.  8  oz. 
11  lbs.  10  oz. 


Twelve  fleeces  of  w 


ashed  wool,  by  the  same  grower 


3  Ewes,  . 

3  W ethers, 
3  Hoggetts, 
3  Lambs, 


12  lbs.  7J  oz. 
14  lbs.  7j  oz. 

13  lbs.  0|  oz. 
5  lbs.  14J  oz. 


Victoria  makes  a  great  display  in  this  one  of  its  most  important 
staple  products,  in  a  pair  of  trophies  one  in  the  front  and  the  other 
in  the  rear  of  their  court,  built  up  entirely  of  bales  and  samples  of 
Port  Phillip  wool.  We  illustrate  the  chief  of  these,  though  devoid 
of  beauty,  in  Fig.  108. 

Victoria  has  always  been  celebrated  as  a  pastoral  country  from 
the  first  date  when  (about  a  quarter  of  a  century  ago)  the  early 
settlers  from  Van  Diemen’s  Land  first  landed  with  their  flocks  and 
herds  at  Port  Phillip  to  seek  new  pasturage.  Since  that  period  it  has 
furnished  upwards  of  300,000,000  lbs.  of  wool  to  the  markets  of 


8.  Twelve  fleeces  of  merino  in  the  grease,  grown  by  Mr.  Wilson, 
Rokewood,  weighing  respectively — 


3  Ewes,  . 

3  Wethers, 
3  Hoggetts, 
3  Lambs, 


23  lbs.  7  oz. 
25  lbs.  11  oz. 
17j  lbs. 

10  lbs. 


Tasmania  sends  but  a  small  quantity  of  wool.  The  exhibiters 
are  Mr.  N.  P.  Alison,  Mr.  W.  L.  Blyth,  Rev.  T.  Gerard,  Mr.  P.  Id. 
Gell,  Mr.  J.  Maclauchlan,  Mr.  J.  Meredith,  Mr.  P.  T.  Smith. 

There  is  a  very  fine  washed  fleece,  average  of  100  bales,  from 
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the  estate  of  Lord  Talbot  de  Malahide,  and  a  fine  specimen  of 
lamb’s-wool,  with  the  mark  of  the  Isle  of  Man  arms. 

Western  Australia  has  only  forwarded  two  or  three  samples. 
The  commence  ment  of  sheep-keeping  in  this  colony  on  any  scale 
dates  from  the  opening  of  the  York  district  in  1822,  when  Messrs. 
Bland  and  Truman  drove  a  flock  to  the  district,  consisting  chiefly 
of  merinoes.  These,  however,  degenerated,  and  meat  being  an 
object,  were  thought  too  small.  Cotswold  rams  and  Southdown 
ewes  were  subsequently  introduced,  but  did  not  succeed.  Since 
then  sheep  from  Lord  Western’s  flock,  a  cross  between  the  Merino 
and  the  Liecester  were  introduced,  and  found  suited  to  the  wants 
of  the  colony,  as  they  combined  pureness  of  quality  with  length  of 
staple  and  large  carcass.  Additions  have  also  been  made  of  rams 
of  the  Romney  Marsh  breed. 

New  Zealand,  which  is  a  rising  wool-producing  colony,  sends 
samples  of  various  mixed  breed  wools,  crosses  between  the  Merino, 
Cotswold,  and  Liecester.  Wellington,  Nelson,  and  Auckland,  each 
contribute  wool ;  but  Canterbury  and  the  other  provinces  do  not 
seem  to  exhibit. 

As  the  Cape  colony  is  unrepresented  on  the  present  occa¬ 
sion,  Natal  wools  are  the  only  examples  of  South  African 
produce,  and  they  are  by  no  means  of  a  good  quality,  having- 
received  but  little  care.  The  sheep  there  thrives  in  many 
parts  of  the  Natal  uplands,  and  in  the  free  states  beyond,  and 
is  now  being  gradually  introduced  into  the  lower  region  around 
the  capital  with  varying  degrees  of  success.  Gentlemen  who  have 
had  large  experience  in  the  management  of  sheep  in  other  lands, 
are  turning  their  attention  to  its  care,  in  the  conviction  that  where 
proper  attention  and  skill  are  devoted  to  the  object,  and  where 
the  sheep  are  hurdled  and  fed  on  the  hill  tops,  and  kept  clear  from 
scab,  which  has  hitherto  been  entirely  disregarded  in  the  colony, 
mutton  and  wool  will  be  remunerative  even  in  those  lower  localities. 
In  the  year  1861  about  650,000  lbs.  of  sheep’s  wool,  worth  £33,000, 
were  exported  from  Natal,  much  of  it,  of  course,  being  the  produce 
of  the  Overberg  States.  There  are  only  about  six  samples  of  colonial 
raised  wool  shown,  and  these  compare,  of  course,  unfavourably  with 
the  finer  wools  of  New  South  Wales,  Queensland,  and  Victoria,  in 
the  adjoining  courts. 

There  are  many  samples  of  Indian  wool  shown  in  the  East  India 
Government  collection  in  the  north-east  gallery.  The  imports  have 
largely  increased  of  late  years,  averaging  in  the  last  two  years 
20,000,000  lbs.,  or  more  than  the  receipts  from  South  Africa. 
Although  most  of  the  wool  received  from  India  is  of  a  very  coarse 
and  hempy  character,  it  comes  into  use  for  common  purposes. 

Leaving  the  samples  of  British  wool  we  will  now  proceed  to 
notice  the  most  prominent  of  the  foreign  wool-exhibiting  countries. 
And,  first,  let  us  turn  to  France.  Several  of  the  Departmental 
Agricultural  Associations  exhibit  wool  in  their  collections,  but  they 
are  not  yet  arranged.  We  single  out,  however,  a  few  of  the  most 
prominent  for  notice.  M.  Victor  Gilbert  of  the  Wideville  farm, 
Commune  de  Crispines,  shows  beautiful  specimens  of  merino  ram 
and  ewe  wool,  of  the  March  clip,  and  a  group  of  animals  in  bronze, 
types  of  form  of  his  merino  sheep.  The  endeavours  to  raise  merinos 
of  the  true  Spanish  type  was  commenced  in  1800,  by  Jean  Baptiste 
Gilbert,  on  the  farm  of  Pennewort,  in  the  commune  of  Maule.  Not¬ 
withstanding  the  disasters  and  difficulties  which  he  had  encountered 
in  the  Revolution  of  1793,  this  enterprising  individual  hesitated  not 
to  borrow,  at  10  per  cent.,  a  sum  of  300  francs,  to  purchase  the  first 
sheep  sold  from  the  Rambouillet  farm  in  1800.  He  continued  under 
great  difficulties,  and  with  continued  perseverance,  to  make  fresh 
acquisitions  from  this  source  to  his  flock  until  1819.  When  it  had 
reached  300  head,  he  began  to  sell  off  his  produce.  In  1828  his  son 
removed  the  flock  to  its  present  locality.  Continuing  the  intelligent 
labours  of  his  father,  he  increased  the  number  and  reputation  of  the 
flock,  which  became  appreciated,  not  only  in  France,  but  in  foreign 


countries.  In  1846  he  made  numerous  sales  to  traders  in  Russia 
and  Poland,  in  the  United  States,  and  in  Italy.  These  foreign  pur¬ 
chases  have  now  risen  to  261  rams  and  598  ewes ;  and  in  France 
M.  Gilbert  has  sold  2309  rams,  and  1599  ewes.  This  fine  and  well 
known  flock  is  now  in  the  hands  of  the  grandson  of  the  originals. 
It  consists  of  750  head  of  pure  merinos,  which  furnish  a  clip  of 
6  kilogrammes  of  wool  in  the  grease,  sold  at  a  mean  price  of  2  frs. 
40  cents,  the  kilogramme.  The  first  merinos  of  the  flock  did  not 
yield  more  than  4  kilogrammes  of  wool,  and  their  living  weight  has 
risen  from  50  kilogrammes  to  frequently  70  kilogrammes. 

M.  F.  Aignot,  junior,  exhibits  two  samples  of  fine  merino  wool 
from  a  ram  and  ewe  of  his  flock  on  the  Donainise  farm.  He  devotes 
his  attention,  as  his  father  has  done  before  him,  to  the  raising  of 
pure  Spanish  merinos.  This  flock,  which  rivals  that  of  M.  Gilbert 
of  Wideville,  consists  of  600  or  700  head,  which  yield  at  the  June 
shearing  fleeces  of  not  less  than  6  kilogrammes,  the  wool  selling 
at  about  2£  francs  the  kilogramme.  Generally  about  100  rams 
are  bred  yearly,  of  which  80  or  90  are  sold  to  the  principal  sheep 
breeders  in  France,  America,  the  Cape  Colony,  Australia,  and  New 
Zealand.  A  peculiar  softness  of  the  wool,  fineness  and  length  of 
staple,  and  a  peculiar  aptitude  to  fatten,  are  the  characteristics  of 
the  rams  of  this  flock. 

M.  Emile  Pluchat  of  Trappes,  exhibits  four  ram  fleeces  of  a 
Dishley  merino  cross,  shorn  on  24th  March,  and  a  lamb  fleece  of  the 
same  race,  which  had  been  obtained  since  1841.  His  flock  yields 
4000  kilogrammes  of  wool,  which  last  year  sold  on  an  average  at 
2  frs.  80  cents  the  kilogramme.  By  crossing  his  merino  ewes  of  the 
Rambouillet  type  with  Dishley  rams,  and  stopping  at  §  Dishley  blood, 
he  has  succeeded  in  obtaining  animals  more  precocious  than  the 
merino,  and  less  delicate  in  their  feeding  characters,  as  hardy  as 
the  Dishley  breed,  and  which  furnish  as  good  flesh  as  the  South- 
down,  with  a  more  abundant  and  better  wool  of  an  intermediate 
fineness.  For  several  years  past  these  rams  have  begun  to  be  sought 
after  and  appreciated  in  the  principal  agricultural  departments  of 
France,  as  combining  the  two  qualities  of  good  meat  and  fine  wool. 

M.  Lucien  Rousseau  of  Angerville,  Seine-et-Oise,  who  was  one 
of  the  agricultural  delegates  to  the  Exhibition  of  1851,  shows  the 
results  of  improved  attention  in  sheep-breeding,  by  the  produce  of 
his  pure-blooded  French  merinos  of  the  Beauce  variety.  He  ex¬ 
hibits  the  wool  of  ewes  and  lambs  clipped  in  June  I860,  June  1861, 
and  March  1862,  and  the  fleece  of  a  three-vear-old  ram  shorn  this 
year.  M.  Rousseau  has,  for  the  last  ten  years,  given  close  atten¬ 
tion  to  the  improvement  of  his  flock.  The  clip  of  5191  sheep  in 
nine  years  was  23,240  kilogrammes  of  wool,  or  an  average  of 
nearly  4^  kilogrammes  per  sheep.  The  average  clip  in  the  last 
two  years  has  reached  fully  kilogrammes. 

From  Algeria  there  are  very  fine  samples  of  ordinary  wools  shown 
in  glass  cases  of  the  indigenous  and  introduced  breeds.  The  prin¬ 
cipal  exhibiters  are  MM.  Bernis,  Adam,  Barnom,  Du  Pre,  Bonfort, 
and  others.  The  merino  sheep,  now  so  extensively  prized  for  the 
fineness  of  their  wool,  came  originally  from  the  north  of  Africa, 
having  been  introduced  into  Spain  in  the  fourteenth  century  by 
Ben  Zuagh,  the  Moor.  While,  however,  the  race  in  Europe  has 
been  greatly  improved,  in  Africa  it  has  been  permitted  to  degener¬ 
ate.  On  examining  the  Arab  flocks,  we  find,  however,  individuals 
bearing  all  the  characteristics  of  the  pure  merino  race.  Under  the 
auspices  of  a  committee  aided  by  the  exertions  of  Marshal  Randon, 
some  years  ago,  by  judicious  selection  and  careful  introduction  of 
improved  rams  a  fine  flock  of  1800  head  were  got  together  at 
Laghouat.  The  effect  of  this  selection  has  been  very  beneficial. 
M.  Pre  de  St.  Mer,  who  has  a  well  cultivated  estate  of  2500  hectares, 
has  also  introduced  again  the  pure  Merino  breed,  and  through  this 
and  judicious  crosses  with  the  Berber  or  native  sheep,  some  very 
fine  wool  is  now  obtained. 

The  general  collection  furnished  from  the  three  provinces  and 
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various  growers  is  exceedingly  interesting,  containing  wools  in  the 
grease,  washed,  combed,  and  spun.  Many  of  the  Algerian  wools 
have  been  rewarded  at  the  different  exhibitions  of  1849  and  1855 
at  Paris,  1851  in  London,  and  at  the  National  and  General  Agricul¬ 
tural  meeting  of  18G0.  Camels’  hair  is  also  shown  ;  and  mention 
may  be  made  of  a  beautiful  cloth  which  has  been  manufactured 
from  it  by  M.  Davin  of  Paris,  who  received  a  gold  medal  for  it. 
It  is  very  light  and  warm,  like  Cashmere,  and  has  almost  the  soft¬ 
ness  of  fur.  This  fabric  is  in  great  esteem  among  the  Arabs,  who 
prefer  it  to  any  other  material. 

There  are  six  exhibiters  of  wool  from  Mecklenburg  Schwerin. 
The  chromo-lithographs  of  the  pure  Negretti  sheep,  the  property 
of  Air.  J.  F.  Hoffschlaegen  of  Weisin,  near  Luebz,  and  the  beauti¬ 
ful  locks  of  their  wool  shown  in  bottles,  are  interesting.  His  annual 
sale  of  200  thorough  bred  rams  and  200  ewes  comes  off  in 
December.  The  average  weight  of  the  clean-washed  fleece  from 
ewes  is  four  lbs.,  and  from  two-year-old  rams  seven  to  eight 
lbs.  The  value  of  this  wool  in  1860  was  £14  5s.  per  cwt.,  and 
some  piles  in  the  grease  have  been  valued  in  London  at  2s.  8d.  to 
2s.  9d.  per  lb. 

There  are  four  Belgian  exhibiters  of  rag  wool,  or,  as  they  term  it, 
artificial  wool.  One  of  these,  Messrs.  Vanderschrieck,  Brothers,  of 
Antwerp,  give  the  mean  value  of  rags  fit  for  tearing  or  ravelling  at 
70  francs  the  100  kilogrammes.  Another  exhibiter,  M.  P.  F.  De 
Naeyer  of  Libbek,  near  Termondi,  East  Flanders,  shows  50  varieties 
of  rag  wool ;  16  of  knitted  wool  washed,  priced  at  100  to  150  francs 
the  100  kilogrammes ;  7  samples  of  old  merinos,  flannels,  &c.,  at 
50  francs  to  200  francs  the  100  kilogrammes;  and  27  samples  of 
old  cloth  and  barege  from  50  to  280  francs  the  100  kilogrammes. 
The  collection  and  sales  by  this  exhibiter  amount  to  10,000  kilo 
grammes  per  week,  and  is  well  known  in  England  by  the  producer’s 
initial  mark  “  P.  F.  D.  N.” 

From  Portugal  there  are  a  large  number  of  fleeces  shown,  and 
black  and  white  wool ;  but  they  call  for  no  special  notice. 

In  Italy  there  are  nine  exhibiters  of  wools,  in  fleece  or  shorn. 

In  the  Russian  department  there  are  some  most  interesting 
samples  of  various  kinds  of  wool,  which  deserve  closer  inspection 
and  attention  than  could  be  given  to  them,  as  they  were  not 
arranged  when  we  saw  them,  and  not  available  for  examination. 
We  noticed,  however,  clips  of  Merino  two-year-olds  sent  by  the 
Institute  of  Agriculture  of  Goregoretzo,  weighing  6  lbs.  72  zolotkin, 
Russian  weight,  and  of  two-year-old  Merino  ram  81bs.  38  zolotkin  ; 
of  a  Southdown  ram  weighing  6  lbs.  84  zolotkin ;  fine  long  and 
short  Donskoy  wool  contributed  by  W.  Zeames  &  Company  of 
Rostoff,  on  the  Don ;  washed  wool  from  Azoff ;  wool  from  Tiflis 
and  the  Kherson  Government ;  fleeces  from  Riga  ;  Merino  wool  from 
Livonia ;  a  collection  of  fleeces,  in  the  grease  and  washed,  from  the 
Agricultural  Department,  St.  Petersburg ;  and  Merino  fleeces  and 
wool  from  the  estate  of  her  Imperial  Highness  the  Grand  Duchess 
Helen  Parlovna. 

Three  or  four  samples  of  Merino  wool  are  shown  from  Sweden. 
Spain  exhibits  more  manufactures  than  raw  wool,  but  samples  of 
Merino  and  Saxony  wool  are  sent  from  Barcelona,  Truxillo,  Ali¬ 
cante,  and  Segovia ;  wool  of  native  sheep  from  Zamora,  and  Chursa 
wool  from  Toledo. 

ALPACA. — The  wool  of  the  alpaca,  from  South  America,  has 
long  been  in  demand  at  high  prices  for  its  silky  texture  and  ap¬ 
plicability  to  various  purposes  in  articles  of  body  clothing.  The 
imports  fluctuate  considerably,  owing  to  revolutionary  distur¬ 
bances  and  difficulties  of  transport  to  the  coast.  Our  imports  have 
averaged  of  late  about  2,600.000  lbs.  per  annum. 

The  samples  of  alpaca  wool  shown  from  Peru  are  by  no  means 
important.  They  consist  of  fawn,  brown,  black,  white,  and 
grey  varieties  from  Arequipa  and  Puno,  llama  and  Vicuno  or 
Vigonia  wools,  and  a  white  alpaca  skin.  There  is  a  Merino  fleece 


and  sheeps’  wool  from  Junin  and  Puno.  Several  of  the  Australian 
colonies  are  now  competitors  in  the  production  of  alpaca  wool,  which 
promises  to  become  a  thriving  industry,  as  fleeces  are  sent  from 
Sydney,  Melbourne,  and  Adelaide,  and  the  animals  in  the  various 
crosses  have  become  thoroughly  acclimatized.  Mr.  C.  Ledger,  who 
has  successfully  introduced  a  large  flock  into  New  South  Wales, 
states  that  after  an  intimate  acquaintance  with  the  alpaca  for  a 
period  extending  over  twenty  years,  of  which  ten  have  been  exclu¬ 
sively  dedicated  to  the  breeding,  driving,  and  herding  of  the  animal, 
with  a  perfect  knowledge  of  every  animal  in  the  flock,  358  in 
number  (the  property  of  the  Colonial  Government,  under  his 
charge),  he  feels  warranted  in  predicting  that  Australia  will  not 
only  compete  with,  but  surpass  Peru  ere  many  years  have  elapsed, 
in  the  production  of  this  lustrous  long  wool,  of  daily  increasing 
demand. 

The  group  of  stuffed  alpacas,  Fig.  109,  in  the  New  South  Wales 
court  should  be  studied  with  interest,  not  only  as  evidencing  the 
fact  of  acclimatizing  an  animal  which  it  was  strongly  asserted  by 


Fig  109. 


Group  of  Alpacas  in  the  New  South  Wales  court. 


many  would  never  succeed  in  Australia,  but  also  as  affording 
satisfactory  proof  that  the  llama  and  alpaca  are  allied  varieties, 
and  not  distinct  species,  It  is  clearly  shown  that  the  cross  will 
breed. 

Each  successive  cross  is  an  improvement  on  the  previous  one, 
as  will  at  once  be  visible  on  inspection  of  the  wool,  and  careful 
study  of  the  appearance  of  each  animal.  The  improvement 
would  be  still  more  manifest  were  the  animals  full  grown.  The 
dash  of  Llama  blood  infused  into  the  Alpaca  produces  a  larger-framed, 
hardier- constitutioned,  heavier,  finer,  and  more  glossily  -  fleeced 
animal  than  ever  could  be  obtained  by  the  close  “  in  and  in" 
breeding  so  zealously  carried  out  by  the  Indians  of  Peru.  The 
specimens  consist  of— 

1 .  Brown  and  white  pure  bred  female  llama,  aged  five  years 

three  months. 

2.  Grey  pure  male  alpaca ;  age,  two  years  nine  months. 
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3.  Black,  cross  between  similar  animals  to  Nos.  1  and  2 ;  age, 

two  years  nine  and  a  half  months. 

4.  Brown,  from  dam  similar  to  No.  3,  by  sire  ditto  to  No.  2  ; 

age,  one  year  eight  months. 

5.  Brown,  from  dam  similar  to  No.  4,  by  sire  ditto  to  No.  2; 

age,  one  year  three  months. 

G.  Black,  from  dam  similar  to  No.  5,  by  sire  ditto  to  No.  2 ; 

age,  seven  months. 

7.  Lamb,  suckling ,  from  dam  similar  to  No.  6,  by  sire  ditto  to 

No.  2  ;  age,  three  months. 

It  will  be  observed  that  the  llama  (No.  1)  is  the  largest-framed 
animal;  has  short,  coarse  wool;  legs,  belly,  head,  and  face,  bare; 
long  neck,  with  very  short  wool ;  ears  large. 

No.  2.  The  pure  alpaca  shows  a  wonderful  difference — smaller 
body  ;  finer,  heavier,  and  longer  staple  of  wool ;  legs  covered  to  feet ; 
short  neck  with  long,  fine  wool ;  head  and  face  covered ;  short  ears  ; 
and  this  animal  was  not  by  any  means  a  first-class  one  of  his  kind, 
having  been  selected  on  account  of  colour  ;  although  pure  bred,  he 
was  not  such  as  I  should  recommend  to  be  bred  from. 

No.  3.  Shows  the  affinity  between  sire  and  dam — an  improve¬ 
ment  on  No.  1. 

No.  4.  As  the  alpaca  is  more  apparent  in  this  than  in  former 
specimen,  so  is  there  a  wider  separation  from  the  llama,  No.  1. 

No.  5.  The  alpaca  still  more  decided ;  this  and  former  speci¬ 
men  (No.  4),  if  of  same  age,  would  clip  \  lb.  more  wool  than  their 
sire  (No.  2). 

No.  6.  A  great  difference  is  presented  in  this  stage  of  cross  breed¬ 
ing,  the  face  being  more  covered  even  than  in  the  sire.  It  is  with 
this  specimen  that  Mr.  Ledger  so  thoroughly  upholds  the  soundness 
of  his  theory  as  to  sameness  of  species  ;  it  speaks  for  itself,  and 
requires  no  further  comment. 

No.  7.  Is  a  suckling  ;  it  was  infirm,  and  was  killed,  more  to  com¬ 
plete  the  group  than  anything  else  ;  yet  its  fleece  will  attract  atten¬ 
tion  for  its  extreme  softness. 


FLAX. 

By  Professor  Hodges,  Analytical  Chemist  to  the  Chemico- 
Agricultural  Society  of  Ulster,  Belfast. 

~  OCIETY  in  the  rude  state  was  con¬ 
tent  to  use  the  skin  of  animals,  or 
the  bark  and  leaves  of  trees,  as  a 
covering  for  the  body.  Like  the 
Greenlanders,  Esquimaux,  and  Ame¬ 
rican  Indians  of  the  present  day, 
who  sew  their  garments  together  with 
either  the  intestines  of  fish  dried  in 
the  air  and  cut  into  thongs,  or  with 
the  sinews  of  animals,  the  barbarous 
nations  of  ancient  times,  as  Hesiod 
tells  us,  were  unacquainted  with  the 
use  of  thread.  In  the  patriarchal 
ages  we  find  that  wool  and  hair, 
probably  formed  into  a  kind  of  felt, 
were  very  early  employed  to  manu- 
facture  garments.  The  method, 
however,  of  twisting  and  interlacing  the  fibres,  both  of  wool  and 
of  plants,  so  as  to  form  more  convenient  and  elegant  fabrics, 
appears  to  have  been  known  in  many  countries  at  a  very 
remote  period,  and  in  the  traditions  both  of  the  East  and  of 
America,  its  discovery  is  ascribed  to  female  ingenuity  :  in  China  to 


the  wife  of  the  Emperor  Yao,  and  by  the  ancient  Peruvians  to  the 
consort  of  their  first  sovereign,  Manco  Capac,  just  as  we  find  the 
Egyptians,  in  the  legends  of  their  priests,  honouring  Isis  as  the 
inventor  of  the  spindle,  and  the  Greeks  attributing  it  to  Minerva. 
The  remarkable  declaration  of  Abraham  in  refusing  the  booty  of 
the  king  of  Sodom,  which  is  recorded  in  the  Mosaic  Books, 
that  he  would  not  take  “  from  a  thread  of  the  woof  even  to  a  shoe 
latchet,”  shows  us  that  very  early  in  the  history  of  the  world  the 
art  of  weaving  textile  substances  into  continuous  fabrics  had  been 
discovered. 

The  number  of  plants  which  produce  fibres  capable  of  being 
employed  for  textile  purposes,  and  which  serve  for  the  production 
of  fabrics  in  the  rude  domestic  manufactures  of  various  parts  of  the 
world,  is  very  great ;  yet  only  a  few  have  been  found  to  possess  all 
the  qualities  demanded ;  and  with  the  exception  of  Jute — the  fibre 
of  two  species  of  corchorus  extensively  cultivated  in  Bengal  for 
home  consumption,  and  for  some  years  largely  exported  for  the  use 
of  the  manufactures  of  Dundee — all  the  textile  manufactures  of 
Europe  depend  upon  the  produce  of  the  same  plants  which  in  the 
earliest  times  supplied  the  spindles  and  looms  of  Babylonia  and 
Egypt,  and  find  the  most  suitable  material  for  these  purposes  either 
in  the  downy  filaments  which  cover  the  seeds  of  the  cotton  plant, 
or  in  the  delicate  fibres  which  are  formed  in  the  inner  bark  of  the 
flax  plant.  In  the  rich  alluvial  soils  which  in  Egypt  were  left  by 
the  subsidence  of  the  waters  of  the  Nile,  and  under  the  glowing 
sun  which  in  that  early  home  of  agriculture  soon  warmed  the 
buried  seeds  of  plants  to  life,  and  gave,  as  ancient  authorities  relate, 
a  luxuriant  produce  of  every  kind  without  much  care  on  the  part 
of  the  husbandman,  the  flax  plant  appears  from  periods  antecedent 
to  all  written  records  to  have  been  produced  in  abundance,  and 
highly  valued  for  its  useful  fibre.  The  readiness  with  which  the 
bark  of  the  plant,  especially  when  exposed  to  heat  and  moisture, 
could  be  split  up  into  fine,  yet  strong  filaments,  may  have  first  sug¬ 
gested  its  application  to  textile  purposes.  It  may  be,  as  some  sup¬ 
pose,  that  Sidonian  weavers  taught  the  Egyptians  to  twist  its  elastic 
fibres  together  into  uniform  and  tenacious  threads,  which  could  be 
crossed  and  interlaced  so  as  to  produce  a  regular  network,  which 
was  eagerly  adopted  as  a  substitute  for  the  rude  and  cumbersome 
coverings  of  earlier  times.  That  the  people  of  Egypt  had  very 
early  acquired  this  important  knowledge,  and  that  the  flax  plant 
was  fully  appreciated  by  them,  and  occupied  a  prominent  place 
among  their  cultivated  crops  before  the  exodus  of  the  Israelites, 
may  be  inferred  from  the  particular  mention  of  it  in  Holy  Writ  as 
one  of  the  crops  stated  to  have  been  destroyed  by  the  plague  of 
hail  sent  to  humble  the  pride  of  the  oppressors.  “  The  flax  and 
the  barley,”  we  are  told,  “  were  smitten,  for  the  barley  was  in  the 
ear  and  the  flax  was  boiled.”  The  manufacture  of  linen  appears  to 
have  attained  great  importance  in  ancient  Egypt.  It  was  worn  by 
all  persons  that  could  afford  its  use,  and  employed  to  form  the 
garments  of  state,  as  well  as  the  every-day  vestment  of  the  kings, 
princes,  and  priests ;  and  microscopic  examinations  of  the  bandages 
in  which  the  dead  were  rolled,  demonstrate  that  they  were  formed 
from  the  fibres  of  the  flax  plant.  The  reputation  of  the  “fine 
linen”  of  Egypt  extended  far  beyond  the  banks  of  the  Nile,  and  held 
the  same  place  in  the  estimation  of  neighbouring  nations  as  the 
beautiful  fabrics  which  are  in  the  present  day  produced  by  the 
skilful  manufacturers  of  the  north  of  Ireland. 

It  was  in  Egypt  doubtless  that  the  Israelites  acquired  their 
knowledge  of  the  textile  value  of  flax,  and  the  method  of  weaving 
it  into  “  holy  garments”  and  rich  hangings  for  “  the  door  of  the 
tent,  of  blue,  and  purple,  and  scarlet,  and  fine  twined  linen  wrought 
with  needlework,”  which  they  were  directed  to  prepare.  The  spies 
of  Joshua,  however,  found  flax  among  the  crops  grown  in  the 
promised  land,  and  the  statement  in  Genesis  that  Rebekah  covered 
herself  with  a  veil  when  she  saw  Isaac,  shows  how  very  early  the 
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art  of  weaving  was  known  in  Palestine.  Numerous  allusions  to 
flax  fabrics  occur  in  the  later  periods  of  Jewish  history,  which  show 
that  they  were  in  general  use,  and  also  that  the  native  manufacture 
continued  to  be  regarded  as  inferior  to  “  the  fine  linen  with 
broidered  work”  which  was  obtained  from  the  ancient  seats  of  flax 
industry  through  the  merchants  of  Tyre  and  Sidon.  From  the 
East  the  knowledge  of  flix,  and  the  methods  required  for  its  techni¬ 
cal  preparation,  must  have  been  early  carried  by  Phoenician  mer¬ 
chants  and  Grecian  colonists  to  Europe,  and  both  the  poetic 
legends  and  sculptures  of  ancient  Greece  abound  in  allusions  to 
flax  processes ;  and  though  before  the  time  of  the  empire  we  do  not 
rind  the  poets  and  historians  of  Rome  alluding  to  the  progress  of 
this  branch  of  industry  in  Italy,  it  appears  then  to  have  attained 
great  perfection,  and  to  have  made  its  way  wherever  the  armies  of 
Rome  had  penetrated. 

In  Ireland  the  flax  plant  appears  to  have  been  cultivated  for  the 
sake  of  its  fibre  from  a  very  remote  time.  It  may  be  that  the 
knowledge  of  its  valuable  qualities  had  been  carried  to  this  country 
by  eastern  colonists.  We  have  been  informed  by  the  late  Professor 
O’Donovan,  whose  labours  contributed  so  much  to  the  investigation 
of  the  early  history  of  this  country,  that  the  words  in  the  Irish 
language  used  to  express  flax  and  linen  cloth  were  of  extreme 
antiquity,  and  that  our  earliest  manuscripts  contained  numerous 
references  to  the  work  of  the  flax  cultivator. 

The  capacious  garments  of  linen  which  formed  the  state  dress  of 
the  Irish  chieftain  excited  the  astonishment  of  theEnglish  conquerors, 
and  even  at  very  early  periods  we  find  it  recorded  that  Manchester 
men  bought  linen  at  Liverpool  from  “  Irish  merchants.”  Though 
encouragements  of  various  kinds  were  offered  by  Government  to 
induce  English  farmers  to  cultivate  flax,  yet  it  does  not  at  any  time 
appear  to  have  been  a  favourite  crop  or  sufficient  to  supply  the 
requirements  of  the  country. 

Not  even  in  Ireland,  until  comparatively  modern  times,  do  we 
find  any  great  extent  of  land  devoted  to  the  growth  of  flax.  The 
arrival  of  a  colony  of  Huguenot  families  expelled  from  France  in 
1685,  appears  to  have  given  the  first  impulse  to  the  extended  culti¬ 
vation  of  the  crop  and  the  improvement  of  the  processes  employed 
in  its  manufacture.  Among  the  refugees  was  a  Mr.  Lewis  Cromo- 
nelin,  a  native  of  St.  Quintin,  descended  from  a  family  engaged  in 
the  linen  trade  for  several  generations.  That  gentleman  received 
a  patent  for  certain  improvements  which  he  proposed,  and  a  grant 
from  Government  to  assist  him  in  their  introduction.  By  the  new 
methods  which  Mr.  Cromonelin  made  known  to  the  farmers  the 
quality  of  the  fibre  produced  was  greatly  improved,  while  the  weavers 
were  also  taught  by  him  to  manufacture  linen  of  finer  qualities  than 
had  previously  been  prepared  in  this  country.  It  is  interesting  to 
find  that  at  the  present  day,  a  descendant  of  this  Cromonelin  is  a 
partner  in  one  of  the  greatest  flax  manufactories  in  Ireland.  In 
the  reign  of  Queen  Anne,  the  attention  of  Government  was  again 
directed  to  the  importance  of  affording  encouragement  to  the  exten¬ 
sion  of  this  department  of  Irish  industry,  and  a  board  was  established 
to  regulate  and  improve  the  culture  and  manipulation  of  the  flax 
plant,  and  the  manufacture  of  linen,  and  for  several  years  £20,000 
per  annum  were  distributed  by  it  in  furtherance  of  these  objects. 
This  board  continued  to  exist  until  1828,  and  in  that  year  the  area 
devoted  to  the  production  of  flax  amounted  to  80,000  acres.  In 
1841  an  association  of  the  proprietors  and  manufacturers  of  Ulster 
was  organized  at  Belfast,  “  for  the  improvement  of  the  growth  of 
flax,”  which  also  received  large  annual  grants  from  Government, 
and  by  sending  properly-trained  instructors  into  districts  where  the 
people  were  ignorant  of  the  methods  required  for  the  management 
of  the  crop,  contributed  during  its  existence  to  encourage  the 
extended  cultivation  of  the  crop,  and  to  diffuse  information  with 
respect  to  the  more  skilful  separation  of  the  fibre.  In  1841, 1C, 000 
tons  of  flax  were  regarded  as  sufficient  for  the  wants  of  the  Irish 


spinners ;  but  so  wonderful  has  been  the  increase  in  this  branch  of 
industry  that  at  present  more  than  double  that  quantity  would  be 
required.  The  following  figures  will  give  some  idea  of  the  immense 
importance  of  the  fibres  of  the  flax  plant  to  the  manufactures  of  the 
United  Kingdom.  Thus,  in  the  year  1859,  the  quantity  of  flax 
imported  amounted  to  160,388,144  lbs.,  or  71,602  tons,  of  which  no 
less  than  120,340,752  lbs.  were  supplied  by  Russia.  Belgium  gave 
us  11,135,152  lbs.,  while  Egypt,  the  natural  soil  of  the  plant,  sent 
us  1,921,696  lbs. ;  the  computed  value  of  all  imported  being 
£3,796,058.  In  the  same  year,  of  the  cultivated  area  of  Ireland 
amounting  to  20,815,111  acres,  136,282  acres  were  under  flax, 
yielding  21,577  tons.  In  1860  there  were  in  Ireland  147,866  acres 
under  flax  cultivation,  distributed  as  follows: — In  Leinster,  1143 
acres;  Munster,  1518  acres;  Connaught,  2169 acres;  Ulster,  143,036 
acres. 

The  flax  plant,  shown  in  Fig.  110,  which  affords  the  raw  material 
of  the  linen  manufacture  of  this 
country  is  a  graceful  annual  which, 
on  a  tall  and  slender  stalk,  pro¬ 
duces  delicate  blue  flowers,  suc¬ 
ceeded  by  capsules  stored  with 
oleaginous  seeds.  It  is  the  Linuni 
usitatissimum  of  the  botanist,  and 
belongs  to  a  small  family  termed 
Linacece,  of  which  it  is  the  type. 

Numerous  varieties,  some  producing 
white  flowers,  and  others  regarded 
as  possessing  medicinal  properties, 
are  known  and  occasionally  culti¬ 
vated  ;  but  the  flax  of  commerce  is 
chiefly  obtained  from  the  blue¬ 
flowering  Linum  usitatissimum, 
which  has  been  found  capable  of 
yielding  its  important  fibre  when 
grown  upon  almost  every  variety 
of  soil.  The  best  soils,  however, 
experience  has  proved  to  be  light 
dry  loams  with  moderately  tena¬ 
cious  subsoils,  neither  so  loose  as 
to  allow  the  water  to  run  away  too 
rapidly,  nor  so  compact  as  to  cause 
it  to  stagnate  about  the  roots  of  the 
plants.  It  is  indispensable  to  the 
successful  culture  of  the  crop  that 
the  soil  should  be  made  as  fine  as 
possible  by  careful  tillage,  that  it 
should  not  be  exhausted  by  repeated 
cropping  without  a  proper  supply  of  fertilizing  materials,  and  that 
all  stones  and  weeds  should  be  diligently  removed.  In  Belgium 
flax  is  usually  made  to  follow  a  corn  crop,  and  it  is  frequently  grown 
in  the  third  year  of  a  seven  course  rotation,  or  the  fifth  year  of  a 
ten  course  rotation.  It  should  not,  however,  as  is  sometimes  done 
in  this  country,  be  made  to  follow  two  oat  crops,  as  in  such  cases  a 
short  and  miserable  produce  has  been  the  result. 

The  quality  of  the  textile  fibre  produced  by  the  flax  may  be 
materially  modified  by  the  method  of  cultivation  adopted.  When 
the  plants  are  allowed  to  grow  at  considerable  distances  from  each 
other  a  hard  woody  stem  is  produced,  and  numerous  lateral  branches' 
thrown  out,  yielding  an  abundant  crop  of  seeds,  while  the  fibre  is 
short,  coarse,  and  harsh  to  the  touch,  and  of  inferior  value ;  but 
when  by  thick  sowing  the  stalks  spring  up  close  together  the  deposit 
of  much  woody  matter  is  retarded,  and  a  tall  and  slender  stem  with 
delicate  fibres,  and  only  a  few  branches  near  the  top,  is  the  result. 
The  celebrated  “  stalked  flax”  (lin  rarne)  of  Belgium,  from  which 
the  delicate  lace  of  Brussels  is  manufactured,  and  which  when 


Fig.  no. 


Common  Flax  Plant  (Linum 
usitatissimum). 
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scutched  sells  at  from  £300  to  £350  per  ton,  shows  how  much  the 
development  of  the  fibre  is  under  the  control  of  the  agriculturist. 
In  many  districts  in  Belgium,  in  which  country  the  cultivation  of 
the  crop  and  the  separation  of  the  fibre  has  been  brought  to  great 
perfection,  the  best  flax  soils  contain  a  very  large  amount  of  siliceous 
matter  in  a  finely  divided  condition,  and  without  the  abundant 
supplies  of  manures  which  the  Belgian  farmer  carefully  provides, 
would  bo  incapable  of  yielding  a  remunerative  produce.  The  fol¬ 
lowing  is  the  composition  of  two  specimens  of  flax  soils  from  the 
Pays  de  Waes,  where  flax  of  the  best  quality  is  produced: — 


No.  1. 

No.  2. 

By  washing,  100  parts  were 

found  to  consist  of  clay,  9 '00 

8-00 

Fine  sand, 

.  91-00 

92-00 

100  00 

100-00 

By  analysis— 

W  ater, 

.  3-80 

1-85 

Organic  matters,  . 

4-48 

3-25 

Silicious  matters, 

.  87-04 

91-80 

Peroxide  of  iron, 

1-96 

1-10 

Alumina, 

1-52 

1-22 

Carbonate  of  lime, 

0-96 

0-55 

Carbonate  of  magnesia,  . 

0-27 

Trace 

Alkaline  salts, 

0-20 

0-14 

100-23 

99-97 

The  seed  used  for  sowing  in  this  country  is  either  the  Russian 
seed  brought  from  Riga,  or  Dutch  seed,  and  the  month  of  April  is 
regarded  as  the  proper  season;  from  2J  to  3  bushels  being  sown  per 
acre.  In  the  month  of  June  the  crop  is  in  flower,  and  towards  the 
end  of  July'  the  flowers  are  succeeded  by  the  capsules  or  “bolls,” 
which,  as  the  plant  ripens,  gradually  change  in  colour  from  green  to 
a  rick  yellow.  The  plants  when  regarded  as  ready  for  removal 
from  the  field  are  pulled  by  hand,  and  to  insure  a  strong  and  fine 
fibre  it  is  considered  that  the  flax  should  be  allowed  to  grow  until 
the  leaves  have  fallen  from  the  lower  part  of  the  stem,  and  its  colour 
for  two-thirds  of  its  length  has  acquired  a  yellow  tinge. 

The  flax  when  pulled  is  made  up  in  the  fields  in  stooks  as  adopted 
in  Belgium;  or  by  means  of  an  implement  like  a  comb,  called  a 
“  ripple,”  consisting  of  a  row  of  iron  teeth  fixed  in  a  block  of  wood, 
which  is  screwed  down  to  the  centre  of  a  plank  supported  on  two 
stools,  the  bolls  are  removed  by  drawing  the  stalks  through  the  iron 
bars.  The  capsules  are  received  on  a  sheet,  and  partially  dried  by 
exposure  to  the  air,  and  afterwards  by  the  heat  of  a  corn  kiln.  The 
rippled  flax  is  now  ready  to  be  submitted  to  the  process  by  which 
the  elastic  fibres  may  be  separated  from  the  other  portions  of  the 
stem,  and  prepared  as  textile  material.  In  Belgium  the  work  of  the 
farmer  in  many  districts  ceases  with  the  pulling  and  drying  of  the 
crops,  and  the  separation  of  the  fibre  for  the  flax  spinner  is  properly 
undertaken  by  persons  who  devote  themselves  to  this  department. 
In  Ireland,  however,  the  separation  of  the  fibre,  notwithstanding  the 
efforts  which  have  been  made  to  transfer  the  work  to  the  factory, 
continues,  as  in  many  other  countries,  to  form  a  part  of  the  ordinary 
labours  of  the  farm ;  and,  unfortunately,  the  idea  that  the  removal 
of  the  seed  injures  the  quality  of  the  fibre  even  yet  induces  the  flax 
growers  in  many  parts  of  the  country  to  place  the  unrippled  flax  in 
the  steep-hole. 

Before  entering  upon  the  description  of  the  various  methods 
adopted  for  the  separation  of  the  fibre,  it  will  be  useful  to  consider 
the  structure  of  the  stem  of  the  flax  plant,  and  the  nature  of  the 
materials  of  which  it  is  composed. 

The  subjoined  engravings,  Fig.  Ill,  show  the  appearance  which 
the  textile  fibres  of  flax,  hemp,  jute,  cotton,  wool,  and  alpaca, 
exhibit  under  the  microscrope.  In  flax  the  bast  fibres  form  long 
cylindrical  tubes  in  which  the  central  cavity  is  almost  obliterated 
by  numerous  concentric  layers  of  a  material  which  adds  to  the 


strength  of  the  tube.  This  lining  material  is  so  soft  that  the 
fibre,  when  pressed  upon,  retains  the  mark  of  the  impression  ;  at 
the  same  time,  from  the  strength  of  the  walls  of  the  tube,  its  cylin¬ 
drical  form  is  preserved.  The  careful  employment  of  the  micro¬ 
scope  and  of  the  chemical  reagents  is  generally  sufficient  to  enable 
us  to  distinguish  the  chief  fibres  of  commerce  even  when  mixed 
together  in  woven  fabrics.  Fig.  l,n,  shows  the  appearance  usually 
presented  by  flax,  while  b  and  c  are  appearances  occasionally  ob¬ 
served  by  Dr.  Hermann  Schacht,  from  whose  valuable  work,  Die 
PJlanzenzelle,  the  illustration  is  taken.  Jute,  Fig.  2,  has  much 
thinner  walls  than  flax,  and  is  characterized  by  the  constructions 


Fig. ill. 


Fibres  of  Flax,  Hemp,  Jute,  Cotton,  Wool,  and  Alpaca  magnified 

Fig.  1,  Flax;  Fig.  2,  Jute;  Fig.  3,  Hemp;  Fig  4,  Cotton;  Fig.  5,  Coarse  long  wool ; 
Figs.  6,  7,  Fine  Saxony  wool;  Figs.  8,  9,  Fine  English  wool;  Fig.  10,  Alpaca. 


which  its  central  cavity  exhibits  at  intervals,  and  also  by  its 
blunter  ends.  The  liber  fibres  of  the  hemp,  Fig.  3,  are  distinguished 
from  those  of  flax  by  the  forked  termination  of  their  ends,  and  by 
their  inner  lay-ers  exhibiting  an  almost  horizontal  striation.  In 
cotton,  Fig.  4,  the  walls  of  the  tube  are  so  extremely  thin  that,  in 
drying,  they  collapse  together,  so  that  under  the  microscope  the 
filaments  appear  like  flattened  ribbons,  with  somewhat  thick  and 
rounded  borders.  Figs.  5  to  10,  represent  magnified  figures  of  wool 
and  alpaca,  to  show  the  difference  of  structure. 

On  making  a  transverse  section  of  the  stalk  of  the  ripe  plant,  it  is 
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found  to  consist  of  three  parts,  presenting  the  appearance  of  con¬ 
centric  rings,  which,  especially  when  the  plant  has  been  softened  by 
being  placed  for  a  short  time  in  water,  can  readily  be  separated. 
So  far  it  is  possible  by  the  naked  eye  to  recognize  the  division  of  the 

stem  of  the  plant  into 
three  distinct  rings, 
but  the  botanist,  who, 
by  the  assistance  of 
the  microscope,  is 
enabled  more  closely 
to  investigate  its  struc¬ 
ture,  discovers,  by  the 
examination  of  a 
horizontal  slice  of  the 
stem  as  seen  in  the 
subjoined  engraving, 
Fig.  1 12,  that  the  ex¬ 
ternal  layer  or  zone, 
“the  skin"  of  the 
plant,  is  composed  of 
an  extremely  delicate 
membrane,  formed  by 
the  union  of  minute 
bladder-like  vesicles 
closely  pressed  toge¬ 
ther,  while  the  middle 
layer  or  ring  consists 
of  a  number  of  long 
tubes,  with  very  mi¬ 
nute  cavities,  their 
walls  or  sides  being 
apparently  thickened 
by  numerous  layers  of 
lining  material,  by 
which  the  cavity  has 
been  almost  oblite¬ 
rated.  These  tubes 
are  termed  bast  cells, 
and  constitute  in  flax, 
hemp,  jute,  and  other 
plants,  the  material 
employed  for  textile 
purposes.  Proceeding 
inwards  from  the 
circle  of  bast  cells,  we 
find  the  third  layer  composed  also  of  bundles  of  tubes,  but  differing 
in  structure  from  the  bast  layer,  being  made  of  the  comparatively 
short  and  inelastic  vessels,*  hardened  by  deposits  which  compose  the 
wood  of  the  plant,  and  which,  when  the  straw  is  macerated  in  water, 

*  The  following  statement  of  the  composition  of  the  straw  of  the  flax  plant 
will  serve  to  show  the  proportion  in  which  the  various  proximate  compounds 
are  usually  present. 

Composition  of  the  straw  of  the  plant  before  steeping: — 

100  parts  consist  of — 

Wax, 

Resinous  matters,  volatile  oil,  and  lino-tannic  acid, 

Sugar  and  colouring  matter,  . 

Inorganic  matters,  ...... 

Pectine,  ....... 

Nitrogenized  compounds  soluble  in  water,  . 

Nitrogenized  compounds  insoluble  in  water, 

Insoluble  inorganic  matters  united  with  the  fibre, 

Fibre, 


are  rendered  brittle  and  pulverulent,  so  as  to  be  readily  removed 
when  exposed  to  friction.  The  chemist  discovers  that  the  walls  or 
boundaries  of  the  cells  and  tubes  of  which  the  plant  is  composed, 
are  formed  of  a  substance  named  cellulose ,  which  may  be  regarded 
as  identical  in  composition  with  starch;  that  is,  it  consists  merely  of 
the  elementary  body,  carbon,  and  the  elements  of  water- — oxygen  and 
hydrogen.  But  associated  with  this  substance,  which  forms  as  it 
were  the  skeleton  of  the  plant,  are  discovered  other  substances 
attached  to  the  interior  of  the  walls  of  the  cells,  and  contained  either 
in  a  solid  form  within  their  cavities  or  dissolved  in  water.  Some 
of  these  substances  contain,  in  addition  to  the  elements  of  which 
cellulose  is  composed,  nitrogen,  and  like  all  nitrogenized  compounds, 
such  as  the  curd  of  milk  and  the  albumen  or  white  of  the  egg,  are 
liable  under  the  influence  of  heat  and  moisture  to  undergo  decom¬ 
position,  which  when  allowed  to  proceed  gradually  attacks  and 
weakens  the  cellulose  itself.  By  employing  the  influence  of  this 
substance,  which  acts  like  a  ferment,  it  is  possible  to  break  up  and 
separate  the  readily  decomposable  constituents  of  the  plant  from 
cellulose,  which  opposes  greater  resistance  to  its  action.  By  rapidly 
drying  the  flax  stem,  as  practised  in  Belgium,  the  ferment  may  be 
rendered  temporarily  inert,  or  it  may  be  entirely  removed  by  steep¬ 
ing  the  flax  in  water,  or  by  exposing  it,  spread  on  the  field,  to  the 
influence  of  air  and  moisture. 

From  the  earliest  periods,  the  usual  method  adopted  for  the  sepa¬ 
ration  of  the  valuable  bast  fibres  of  the  flax  plant,  was  to  place  the 
green  or  partially  dried  plants  either  in  shallow  pools  of  water,  or  in 
rivers,  where  they  were  allowed  to  remain  until,  by  the  decom¬ 
position  of  the  cementing  matters  of  the  stem,  the  long  and  cylindrical 
fibres  could,  by  simple  mechanical  means,  be  rapidly  freed  from  the 
short  and  comparatively  brittle  structures  which  compose  the  woody 
portion  of  the  stem  and  outer  layers  of  the  bark.  This  was  the 
process  followed  in  ancient  times  in  England,  and  it  continues  to 
the  present  day  to  be  the  popular  method  of  the  chief  flax-growing 
countries.  The  pictorial  representations  on  the  walls  of  Egyptian 
tombs  and  temples  ,show  that  it  differs  very  little  from  that  which 
cultivators  of  the  valley  of  the  Nile  employed  in  the  preparation  of 
their  flax  crops.  In  England  the  entire  process  is  usually  managed 
by  the  flax-grower,  but  in  Belgium  there  exists  a  class  of  dealers  by 
whom  the  flax  is  purchased  from  the  farmer  and  the  preparation  of 
the  fibre  conducted.  It  is  easy  to  understand  that,  as  managed  by 
farmers,  the  steeping  of  the  flax  is  an  uncertain  and  precarious 
operation,  especially  in  districts  where  that  experience  which  has 
been  acquired  by  farmers  in  the  north  of  Ireland,  in  Flanders,  and 
other  flax-growing  countries,  does  not  exist.  Sometimes  the  flax 
in  hot  weather  is  over-fermented,  and  the  decomposing  action  is 
extended  to  the  valuable  bast  fibres,  which  are  rendered  weak ;  and 
in  other  cases  it  is  understeeped,  and  so  only  a  coarse  harsh  fibre  is 
obtained.  Usually  from  three  to  four  weeks  is  consumed  in  the 
operation,  and  even  in  the  hands  of  experienced  steepers  the  fibre 
is  frequently  seriously  deteriorated  in  value. 

These  objections  to  the  patriarchal  methods  have  at  various 
times,  especially  when  it  was  attempted  to  introduce  the  cultiva¬ 
tion  of  the  crop  into  new  districts  where  the  people  were  ignorant 
of  even  the  rude  operations  of  the  flax- steeper,  led  to  the  trial  of 
other  plans  for  the  separation  of  the  fibre.  The  methods  which 
have  been  tried  may  conveniently  be  classed  under  three  divisions: 
— 1st.  Those  by  which  the  separation  of  the  fibre  is  effected  by 
mechanical  means.  In  the  East,  as  is  well  known,  it  is  usual  to 
prepare  the  fibres  of  many  indigenous  plants  by  simple  mechanical 
operations,  by  beating  the  fleshy  leaves  on  stones,  and  removing 
the  adherent  cellular  tissue  by  scraping  and  washing.  2nd.  Those 
in  which  the  action  of  fermentation  is  employed,  but  its  progress 
accelerated  by  the  aid  of  an  elevated  temperature  and  placed  under 
the  control  of  the  steeper.  3rd.  Those  in  which  the  solvent  action 
of  warm  water,  or  of  water  to  which  chemical  solvents  are  added, 


See  report  by  the  author  to  the  British  Association  for  the  Advancement  of 
Science,  for  1857. 


Slice  of  a  transverse  section  of  the  stem  of  the  Flax 
Plant,  magnified  400  times  its  natural  size. 
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is  used  to  effect  the  removal  of  the  cementing  matters  of  the  straw. 
In  1812,  a  patent  was  taken  out  by  a  Mr.  Lee  for  removing  the 
fibre  from  flax  by  means  of  a  machine,  which  was  regarded  by  the 
Irish  Linen  Board  as  so  important  an  invention  that  they  expended 
£6000  in  their  endeavour  to  introduce  it,  but  it  failed  to  satisfy  the 
public;  and  though  since  that  time  various  attempts  have  been 
made  by  Mr.  Doulan,  in  1857,  and  others,  to  substitute  machinery 
for  the  steeping  process,  it  has  been  found,  that  as  by  these  pro¬ 
cesses  a  large  amount  of  the  soluble  and  decomposable  matters  of 
the  straw  remain  adhering  to  the  fibres,  fabrics  formed  from  them 
are  seriously  injured  by  the  various  operations  to  which  linen  is 
subjected.  Some  years  ago,  Lord  Fermoy  made  an  attempt  to 
apply  machinery  to  the  dry  scutching  of  flax  on  his  property  in  the 
county  of  Cork,  and  the  fibre  obtained  was  worked  up  into  coarse 
fabrics,  yet  this  method,  though  it  might  be  useful  in  countries  like 
India  where  it  is  desirable  to  lessen  the  bulk  of  the  fibre,  cannot  be 
regarded  as  likely  to  afford  a  material  capable  of  taking  the  place 
of  that  prepared  by  the  ordinary  processes. 

As  already  stated,  the  method  which  is  adopted  in  the  chief  flax- 
producing  districts  at  the  present  time,  resembles  that  which  was 
used  by  the  ancient  flax-growers  of  Egypt,  and  which  we  find  fol¬ 
lowed  by  the  natives  of  Hindostan.  The  flax,  either  immediately 
after  being  pulled,  as  usually  practised  in  Ireland,  or  after  being 
dried,  as  in  many  parts  of  Belgium,  is  immersed  in  pools  or  rivers. 
In  a  day  or  two  fermentation  commences,  and  is  accompanied  by 
a  brisk  disengagement  of  bubbles  of  gas,  while  the  water  acquires 
the  colour  of  ale,  and  as  has  been  shown  by  the  writer,  contains 
butyric  and  valerianic  acids.*  Even  under  the  direction  of  expe¬ 
rienced  workmen,  the  process  requires  the  closest  attention.  In 
Belgium,  the  water  of  the  river  Lys  is  regarded  as  particularly 
favourable  to  the  production  of  superior  flax,  and  the  dried  flax 
grown  by  the  farmer  is  purchased  by  factors  who  place  it  in  wooden 
crates,  which  are  sunk  in  this  river.  The  fibre  thus  obtained  brings 
a  high  price,  and  is  selected  for  the  production  of  cambrics  and  table 
linen. 

A  successful  attempt  in  advance  of  the  traditional  practice  was 
made  in  1847  by  Mr.  Schenck,  an  American,  who  introduced  into 
Ireland  a  method  of  treating  flax  straw,  by  exposing  it  to  the  action 
of  water  maintained  at  the  temperature  of  90  degrees  for  60  hours. 
The  straw,  after  the  separation  of  the  seed,  Fig.  113,  was  placed  in 

wooden  vats  furnished  with 
false  bottoms,  perforated  with 
holes,  below  which  coils  of 
metal  pipe  conveyed  stearn. 
The  temperature  was  gradually 
raised  to  90  degrees,  and  in 
about  60  hours  the  water  was 
drawn  off.  By  this  treatment 
it  was  found  that  the  fibre 
could  be  readily  separated  from 
the  stem.  The  fermentation 
produced  was  found  by  the 
writer  to  resemble  that  which 
takes  place  in  the  common  flax 
pool.  Carbonic  acid,  hydro¬ 
gen,  and  nitrogen  gases  were 
evolved,  and  in  the  liquid  a  large  amount  of  butyric  acid  was 
formed ;  so  that  from  the  disagreeable  smelling  water  of  the  flax 
pool,  we  could  extract  the  chief  ingredient  of  several  favourite 
perfumes  and  confections.  For  some  time  it  was  believed  that  this 
new  method  was  destined  completely  to  revolutionize  the  produc¬ 
tion  of  flax  in  Ireland,  and  to  render  the  separation  of  the  fibre  a 
factory  operation.  Numerous  retting  factories  were  established,  not 

*  Report  of  the  British  Association  of  Science,  for  1857. 


Fig.  113. 


Flax  Seeding  machine. 


merely  in  this  country,  but  in  Belgium,  Holland,  and  Germany. 
Experience,  however,  proved  that  the  quality  of  the  fibre  produced 
was  frequently  inferior,  and  that  so  much  of  the  colouring  and  other 
matters  of  the  stem  remained  attached  to  the  fibre  as  to  dissatify  the 
spinner.  An  important  improvement  on  the  original  plan  of  Mr. 
Schenck,  proposed  by  Mr.  Pownall,  of  London,  Fig.  114,  has  been 
found  to  remove  many  of  the  objections  to  the  hot  water  process.  It 
consists  in  exposing  the  steeped  straw  upon  being  removed  from  the 


tanks,  to  the  pressure 
of  a  pair  of  smooth 
cylinders  of  cast-iron, 
while  at  the  same  time 
a  stream  of  water  is 
made  to  flow  upon  the 
rollers,  so  as  to  wash 
away  the  softened 
organic  matters  which 
adhere  to  it.  Thu 
treated,  the  flax  ha 
been  found  to  yield 
fibre  of  superior 
quality;  and  though 
in  Ireland  the  factory 
system  has  not  suc¬ 
ceeded  in  maintaining 
its  ground,  yet  in  Eng¬ 
land,  and  in  numerous 
well  conducted  estab- 


Fig.  114. 


Machine  for  pressing  steeped  flax. 


lishments  in  France,  Belgium,  and  Holland,  Schenck’s  system,  with 
various  improvements  on  his  original  method  of  working,  has  been 
successfully  adopted. 

Among  the  methods  for  the  separation  of  textile  fibres  included 
in  the  third  division,  that  of  Messrs.  Watt  and  Leadbetter  of  Bel¬ 
fast,  of  which  extensive  trials  were  made  a  few  years  ago  both  in 
Ireland  and  Scotland,  appeared  likely,  on  its  first  introduction,  to  be 
attended  with  success.  It  differed  from  both  the  ordinary  methods 
and  Schenck’s  system,  by  employing  for  the  removal  of  the  adhe¬ 
sive  matters  of  the  straw,  neither  the  direct  solvent  action  of 
chemical  agents,  nor  of  fermentation,  but  merely  the  dissolving 
agency  of  hot  water  applied  in  vats  of  peculiar  construction,  fol¬ 
lowed  by  the  pressure  of  the  steeped  flax  between  heavy  iron 
rollers.  By  this  process  the  flax  was  merely  macerated  and  soft¬ 
ened,  and  the  liquid  obtained  by  heating  it  was  free  from  the  dis¬ 
agreeable  odour  of  the  flax  pool,  and,  mixed  with  turnips  and  the 
husk  of  the  flax,  was  used  with  advantage  as  a  feeding  stuff  for 
pigs.  The  fibre  obtained,  however,  though  much  superior  to  that 
produced  by  any  of  the  dry  processes,  did  not  satisfy  the  require¬ 
ments  of  our  spinners  and  bleachers,  and  is  now  abandoned. 

On  the  continent  attempts  have  at  several  times  been  made  to 
effect  the  solution  of  the  cementing  matters  of  the  flax  stem,  by  the 
employment  of  weak  acid  and  alkaline  solutions ;  but  though  by  such 
means  it  has  been  found  possible  to  break  up  the  structures  of  tho 
plant,  and  to  obtain  fibre  apparently  of  excellent  quality,  yet  ex¬ 
perience  proved  that  it  was  inferior  in  tenacity  and  other  essential 
properties  to  that  obtained  by  the  ancient  methods.  Among  the 
various  plans  proposed  some  years  ago,  a  process  patented  by 
Messrs.  Burton  &  Pye,  of  Ipswich,  appeared  to  offer  several  advan¬ 
tages  in  the  treatment  of  both  native  and  foreign  textile  plants. 
The  stems  or  leaves  of  the  plant  were  in  the  first  place  subjected 
to  the  pressure  of  rollers,  so  arranged  as  completely  to  flatten  the 
straw  without  injuring  the  fibre;  and  next  through  fluted  rollers,  by 
which  the  comparatively  brittle  woody  portion  of  the  stem  was 
broken  and  separated.  This  being  effected,  the  flax  was  again 
passed  under  plain  rollers,  by  which  the  fibres  were  delivered  in 
straight  filaments.  The  woody  portion  of  the  plant,  hitherto  re- 
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garded  as  useless,  was  employed  by  Messrs.  Burton  &  Bye  as  food 
for  cattle.  By  this  method  of  treatment  the  straw  was  reduced  to 
one  half  of  its  original  weight,  and  so  prepared,  it  was  submitted  to 
another  series  of  operations  in  vats  of  peculiar  construction.  First 
it  was  made  to  undergo  a  process  of  fermentation  in  water,  to  which 
fuller’s  earth  was  added;  and  after  being  kept  at  a  temperature  of 
80  deg.  Falir.  for  30  hours,  the  vats  were  tilled  with  cold  water. 
During  the  process  a  heavy  plunger  which  was  fitted  to  the  top  of 
the  steeping  vat,  was  occasionally  brought  down  upon  the  softened 
straw,  and,  after  several  washings  with  water,  the  operation  was 
completed  by  the  plunger  being  screwed  down  so  as  strongly  to  com¬ 
press  the  flax  and  to  partly  deprive  it  of  moisture.  The  drying  of  the 
flax  was  finished  by  exposure  to  the  air  under  sheds  open  at  the  sides. 

Specimens  of  the  fibre  of  flax  and  of  jute,  mudar,  and  other 
Eastern  plants  treated  by  this  process,  appeared  of  good  quality  ;  but 
so  far  as  we  are  aware,  no  satisfactory  trial  of  its  value  has  yet  been 
made. 

Much  interest  was  excited  during  the  Great  Exhibition  of  1851 
by  the  specimens  of  flax  cotton  exhibited  by  the  Chevalier  Claussen, 
who  had  zealously  laboured  to  show  the  flax-growers  of  this  country 
that  by  means  of  the  combined  action  of  alkaline  solvents,  and  of 
carbonated  alkalies  and  acids,  it  was  possible  to  convert  flax  straw, 
previously  cut  into  small  pieces  by  machinery,  into  a  material 
which  was  capable  of  being  substituted  for  cotton,  and  spun  with 
cotton  machinery.  A  very  beautiful  article  was  produced  by  the 
processes  employed,  and  used  for  the  production  of  various  fabrics ; 
but  though  it  was  considered  that  it  might  be  employed  to  convert 
“  scutching  tow”  into  a  material  of  higher  commercial  value,  useful 
for  various  purposes,  the  conversion  of  long  flax  into  cotton  was 
regarded  as  unprofitable  and  soon  abandoned. 

After  the  flax  straw  has  been  fermented  in  the  ordinary  retting 
pools  of  Ireland  or  Belgium,  or  in  the  waters  of  rivers,  or  by  ex¬ 
posure  to  the  influence  of  the  weather  by  spreading  it  on  the  grass, 
by  what  is  called  “dew  retting,”  as  practised  in  some  parts  of 
Europe,  it  is  necessary  that  the  brittle,  woody  portions  of  the  stem 
should  be  separated  from  the  elastic  filaments.  In  Belgium,  and 
also  in  the  north  of  Ireland,  the  straw,  on  being  removed  from  the 
steep-water,  is  usually  spread  in  thin  layers  upon  a  newly-mown 
field  for  several  days,  and  turned  at  least  twice  during  its  exposure. 
By  this  exposure,  technically  termed  “  grassing,”  the  separation  of 
the  fibre  is  greatly  facilitated,  and  its  colour  also  improved.  In  the 
hot-water  steeping  establishments  this  grassing  is  not  usually 
adopted,  and  the  flax  is  dried  at  once  on  its  removal  from  the  tanks, 
either  by  exposure  to  the  air  or  in  houses  by  heated  air.  The 
next  operation  which  the  steeped  and  dried  straw  undergoes  is 
breaking,  which  is  performed  when  the  work  is  conducted  on  the 
farm  by  means  of  a  simple  machine  called  a  “  brake,”  which  con¬ 
sists  of  two  heavy  pieces  of  wood,  each  of  which  is  furnished  on  one 
side  with  a  number  of  parallel  angular  bars,  so  arranged  that  when 
the  pieces  of  wood,  which  are  connected  by  a  hinge,  are  brought 
together,  the  angular  projections  of  the  bars  on  one  frame  are 
received  into  the  hollows  formed  by  the  bars  on  the  other.  One 
of  the  pieces  is  permanently  fixed  to  a  support,  while  motion  is 
communicated  to  the  other  either  by  means  of  an  iron  spring  or  by 
an  elastic  pole  of  wood  attached  to  it,  and  connected  with  a  treddle 
on  which  the  workman  presses  with  his  foot.  By  placing  a  hand¬ 
ful  of  the  straw  between  the  bars,  and  causing  the  movable  bars  to 
descend,  it  presses  and  breaks  the  brittle  and  inelastic  structures  of 
the  central  part  of  the  stems,  while  the  flexible  fibre  remains  unin¬ 
jured.  In  Belgium  a  wooden  mallet  is  frequently  the  only  kind  of 
brake  employed,  and  in  some  remote  districts  in  Ireland,  even  yet, 
the  farmer  spreads  the  flax  on  the  highway,  and  breaks  it  by  driving 
a  heavy  cart  over  it.  In  the  steeping  establishments  the  straw  is 
broken  by  exposing  it  to  the  action  of  a  machine  in  which  several 
pairs  of  fluted  rollers  perform  the  work. 


After  breaking  the  woody  matter  of  the  straw,  it  is  necessary 
that  it  should  be  removed.  In  the  north  of  Ireland  this  is  usually 
effected  in  mills,  which  are  to  be  found  in  every  flax-growing  dis¬ 
trict  ;  but  in  Belgium,  and  also  in  some  districts  in  Ireland,  the  far¬ 
mer  continues  to  use  a  simple  manual  implement,  as  shown  in  Fig.  11 5, 


Fig.  115. 


Mode  of  scutching  flax  in  Belgium,  and  tools  employed. 


which  is  merely  a  flat  blade  of  wood  attached  to  a  handle.  The  flax 
ready  for  “  scutching,”  as  this  operation  is  termed,  is  held  in  the  hand 
of  the  workman,  who  inserts  it  in  a  notch  cut  in  one  side  of  an 
upright  wooden  stand,  and.  turning  it  so  as  to  present  every  part  to 
the  blows  of  the  blade,  the  woody  matter  is  knocked  away,  producing 
what  is  known  as  “  shove”  or  “  boon.”  In  the  little  scutching 
mills  which  are  found  in  Ulster,  the  usual  machinery  is  merely  the 
scutching  blade  attached  to  an  axle  moved  by  a  water  wheel. 
In  the  new  steeping  establishments  the  scutching  is  performed 
by  a  somewhat  similar  arrangement,  a  number  of  blades  of  wood 
being  attached  to  arms  of  cast-iron,  which  extend  from  an  iron 
axle  moved  by  a  belt  from  the  steam  engine — each  set  of  blades 
being  inclosed  in  a  separate  chamber  in  the  partition,  on  the  one 
side  of  wdiich  there  is  an  opening  through  which  the  wrorkman  can 
insert  the  flax  without  risk  of  being  injured  by  the  descending 
blades.  The  coarse  and  short  fibres,  separated,  constitute  what  is 
sold  as  “  scutching  tow”  or  “  codilla.”  The  shoves  which  fall  be¬ 
low  the  blades  are  collected,  and  have  been  usefully  employed  to 
generate  the  steam  required  to  work  the  machinery,  three  tons  of 
shoves  being  stated  to  be  equal  as  fuel  to  one  ton  of  coal.  The 
analyses  of  the  shoves  which  we  have  made  show  that  they  are  rich 
in  all  the  inorganic  materials  of  the  flax  plant,*  and  their  use  as 
manure  offers  a  practical  and  economical  method  of  restoring  to  the 
fields  of  the  farmer  the  earthy  and  saline  matters  of  the  stem  which 

*  Composition  of  the  ash  of  shoves,  or  woody  matter,  of  the  flax  plant :  100 
parts  consist  of — 

Potash, 

Soda, 

Chloride  of  sodium, 

Lime, 

Magnesia,  , 

Oxide  of  iron, 

Sulphuric  acid, 

Phosphoric  acid,  . 

Carbonic  acid, 

Silica, 
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are  sold  to  the  manufacturer.  By  the  application  of  these  ashes, 
and  of  the  droppings  of  cattleTed  on  bolls  of  the  plant  or  on  the 
crushed  seeds,  all  apprehension  of  the  exhausting  effects  of  flax 
cultivation  on  our  soils  may  be  removed. 

To  scutch  flax  well,  either  at  the  common  stand  or  in  the  mill, 
requires  long  practice  and  careful  training.  In  Ulster,  where  from 
an  early  age  boys  possess  the  opportunity  of  acquiring  the  necessary 
experience,  skilful  workmen  can  usually  be  obtained;  but  beyond 
what  may  be  regarded  as  “  the  flax  country”  it  is  exceedingly  difficult 
to  obtain  the  trained  hands  required.  The  ingenuity  of  engineers 
both  on  the  continent  and  in  this  country  has,  therefore,  for  several 
years  been  directed  to  the  invention  of  machines  by  which  ordinary 
llirm  labourers  might  be  enabled  to  take  the  place  of  trained 
scutchers.  In  the  north  of  Ireland  machines  invented  by  M. 
Mertens,  ofGhent  in  Belgium,  by  Mr.  M‘Bride,of  Armagh,  and  others, 
have  for  several  years  been  tried,  but  have  not  been  regarded  as 
capable  of  performing  the  work  required  in  a  satisfactory  manner. 
At  present  the  attention  of  those  interested  in  the  extension  of  flax 
cultivation  is  directed  to  the  trial  of  two  new  machines,  one  of  which 
is  exhibited.  These  are,  the  one  the  invention  of  Messrs.  John 
Rowan  &  Sons  of  Belfast — a  firm  already  distinguished  by  several 
valuable  inventions — and  the  other  of  a  German  engineer,  Mr. 
Joseph  Friedlaender,  who  at  present  resides  in  Belfast. 

Messrs.  Rowans’  machine,  which  is  portable,  and  can  be  manu¬ 
factured  at  a  much  lower  price  than  those  previously  in  use,  appears 
likely  to  answer  the  objects  contemplated.  It  can  be  wrought  by 
two  boys  or  women,  and  each  person  can  scutch  4J  cwts.  of  flax 
straw  per  day  of  ten  hours,  without  any  previous  rolling  or  breaking 
being  required.  We  had  an  opportunity  of  witnessing  its  perform¬ 
ance  both  on  Belgian  and  Irish  flax,  and  found  that  the  fibre  pro¬ 
duced  was  sound,  well  cleaned,  and  completely  finished  for  the 
market.  The  yield  of  fibre  in  all  cases  depends  upon  the  quality  of 
the  straw.  Messrs.  Rowan  state  that,  from  their  experience  of  the 
different  qualities  operated  upon  by  their  machine,  112  lbs.  of  straw 
of  average  quality  will  yield  22J  lbs.  of  well  cleaned  fibre,  whilst 
first  class  Belgian  straw  has  given  so  much  as  30  lbs.  The  follow- 

Fig  116. 


Side  elevation. 


Rowan’s  flax  scutching  machine. 


ing  description  of  Rowans’ machine  will,  with  reference  to  Figs.  116 
and  117,  which  represent  an  elevation  partially  in  section  and  an  end 
view  of  the  machine,  will  render  its  construction  easily  understood. 


The  frames,  A,  are  of  cast-iron  ;  upon  these  are  two  pedestals,  upon 
which  an  axle,  b,  revolves,  and  on  this  axle  is  keyed  a  cylinder,  e, 
and  on  this  there  are  fixed  10  beaters,  c,  and  a  comb.  The  beaters 
are  made  of  cast  steel  hardened,  with  a  pivot  or  trunion  on  each  end, 
and  are  fixed  to  the  cylinder  with  eyes.  The  beaters  have  free  action. 
The  upper  part  of  the  machine  is  inclosed  within  a  casing,  and  on 
this  the  louvres,  G,  are  formed.  The  cylinders  receive  motion  by  the 
pulleys,  I,  and  make  400  revolutions  per  minute.  The  workman 
stands  at  the  table,  C,  in  the  front  of  the  machine,  and  takes  hold 
of  a  strick  of  flax  straw  near  to  the  root  end,  and  passes  the  top  end 
through  an  opening  in  the  casing,  when  it  is  subjected  to  the  action 
of  the  beaters,  c,  which,  unlike  those  in  former  machines,  are  loose  in 
the  eyes  by  which  they  are  secured  to  the  cylinder.  From  the 
velocity  at  which  the  cylinder  revolves,  the  centrifugal  action  makes 
the  beaters  radiate  in  a  straight  line  from  the  centre.  When  the 
straw  comes  into  contact  with  the  beaters,  and  from  the  spring-like 
manner  in  which  they  are  held  by  centrifugal  action,  they  yield; 
but  as  the  woody  matter  is  gradually  removed,  and  the  straw  loses 
its  rigidity,  the  beaters  regain  their  vertical  position.  When  the 
straw  is  weak  and  soft  the  speed  of  the  machine  is  reduced,  the  force 
exerted  by  the  beaters  being  in  proportion  to  the  velocity.  The  flax 
“shove”  is  passed  into  the  machine  until  the  right  hand  of  the  operator 
comes  into  contact  with  the  guard,  the  “  strick”  is  then  withdrawn, 
turned  upside  down,  and  re-entered  as  before.  It  is  then  reversed, 
and  the  operation  as  described  repeated  on  the  other  end.  The 
straw  passes  through  the  louvres,  and  is  conducted  by  a  channel  to 
the  front  of  the  machine,  and  falls  under  the  table  on  the  floor,  and 
is  thus  prevented  passing  through  the  flax.  The  tow  produced  is 
also  much  cleaner  than  by  the  usual  methods  of  working.  Messrs. 
Rowans’  machines  have  been  introduced  into  New  Zealand,  and 
have  been  successfully  employed  for  the  separation  of  the  fibre  of 
the  New  Zealand  flax  ( Phormium  tenax). 

For  the  treatment  of  the  steeped  straw  Mr.  Friedlaender  has 
introduced  two  new  machines — a  beetling  machine,  which  performs 
the  work  of  the  ordinary  brake ;  and  a  scutching  machine.  The 
beetling  machine  consists  of  a  number  of  upright  iron  rods,  placed 
Fig  117  in  a  frame  over  a 

grooved  block  of 
wood,  upon  which 
the  flax  straw  is 
placed.  The  rods 
are  moved  bymeans 
of  wipers  attached 
to  a  revolving  shaft, 
which  raises  “lift¬ 
ers”  in  connection 
with  the  beetles ; 
and  as  the  wipers 
revolve  the  lifters 
escape,  and  the 
beaters  fall  by  their 
own  weight  and 
break  and  soften  the 
flax  without  cut¬ 
ting  the  fibre.  The 
beetled  straw  is 
then  carried  to  the 
scutching  machine, 
shown  in  side  ele¬ 
vation  in  Fig.  116, 
the  construction  of 
which  is  as  follows: 
— On  an  iron  wheel,  B,  are  grooves,  to  which  projecting  blades  of 
wood,  c,  are  attached;  on  the  front  of  these  blades  there  are  a 
number  of  metal  scrapers  in  the  form  of  finger  nails,  and  above 
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these  projecting  from  the  upper  edge  of  the  blades  flat  pieces 
of  iron,  D,  are  fixed.  The  iron  casing  in  which  the  wheel 
revolves  has  in  front  a  “  face  board,”  M,  which  is  movable,  and 
furnished  with  a  plate,  G,  fixed  on  hinges,  and  so  arranged  that 


Fig.  118. 


Friedlaender’s  Scutching  Machine— Side  elevation. 


its  distance  from  the  blades  can  be  regulated  by  butlers.  The 
straw  is  held  in  the  hand  of  the  workman,  and  is  exposed  to 
the  action  of  the  descending  blades  through  a  slit  in  the  face 
board,  M.  As  the  wheel  revolves  the  straw  is  first  struck  by  the 
sharp  edge  of  the  blades,  G,  and  next  opened  up  by  the  row  of  metal 
scrapers,  d,  and  finally  smoothed  and  cleaned  from  the  woody  shove 
by  the  knife  edge,  E,  on  the  upper  part  of  the  blade.  As  the  face 
board  is  movable,  it  yields  with  every  blow  of  the  blades,  so  that 
the  flax  is  protected  from  injury.  A  very  favourable  opinion  has 
been  expressed  of  the  performance  of  M.  Friedlaender’s  machines, 
by  several  persons  experienced  in  flax  management. 

The  scutched  flax  is  carried  from  the  scutching  machine  to  the 
sorting  room,  where  it  is  sorted  into  first,  second,  and  third  quali¬ 
ties.  These,  in  Ireland,  are  made  ready  for  market  by  being 
formed  into  bundles,  each  weighing  16j  lbs.  The  scutching  tow 
or  broken  fibre  is  used  for  the  manufacture  of  coarse  fabrics,  such 
as  sacking.  To  free  it  from  the  dust  and  shove  which  adheres  to 
it,  it  is  passed  through  a  machine  called  a  “  devil,”  and  is  then, 
like  the  long  fibre,  sorted  into  three  qualities. 

The  scutched  flax,  whether  prepared  by  the  manual  labour  of 
Egyptian  fellahs,  or  in  the  snug  farmsteads  on  the  hills  of  Down,  by 
Russian  serfs,  or  Belgian  peasants,  by  the  malle,  or  the  patent 
machine,  is  not  yet  ready  for  the  spinner,  whose  business  is  either 
by  means  of  the  cottage  wheel,  or  of  those  iron  fingers  which 
modern  ingenuity  has  substituted  for  the  human  hand,  to  twist  it 
into  threads  which  are  afterwards  to  be  united  together  according 
to  their  quality,  to  produce  the  stout  canvass-like  “  fine  linen”  of 
Ulster,  or  the  gauze-like  cambric.  It  contains  broken  fibres,  and 
the  filaments  are  more  or  less  matted  together  and  require  to  be 
separated  and  arranged  in  parallel  “reeds.”  This  is  effected  by 
what  is  termed  “  hackling,”  which  consists  in  drawing  the  flax 
repeatedly  through  sets  of  iron  teeth,  by  which  the  broken  pieces 
are  combed  out  and  the  fibres  arranged.  Thus  purified  at  last  from 
every  trace  of  the  worthless  woody  matters  which  so  obstinately 


adhered  to  it,  the  fibre  is  prepared  to  take  its  place  as  a  textile 
material. 

Mr.  Alexander  Redgrave,  one  of  the  government  inspectors  of 
factories,  in  a  paper  on  the  statistics  of  the  manufacture  of  textile 
fabrics  which  he  read  at  the  Statistical  Congress  in  London  in  July 
1860,  estimated  the  quantity  of  flax  and  hemp,  with  materials  worked 
up  in  Ulster,  at  528,289,104  lbs.,  of  the  value  of  £7,254,875.  The 
annual  average  weight  worked  up  in  each  factory  at  1,266,880  lbs., 
value  £17,397 ;  average  weight  to  each  horse-power,  23,375  lbs., 
and  to  each  person  employed,  6582  lbs.  The  annual  value  of  the 
industry  in  the  kingdom  is  represented  by — 

Raw  material,  ......  £7,254,875 

Wages  of  80,262  persons,  at  9s.  per  week,  for 

50  weeks,  ......  1,805,850 

Coals,  oil,  grease,  leather,  &c.,  .  .  .  300,000 

Interest  upon  capital,  &c.,  ....  2,808,217 

£12,168,942 

In  another  place  Mr.  Redgrave  estimates  the  capital  invested  in 
raw  material  at  £2,800,000  ;  in  buildings,  engines,  and  machinery, 
at  £3,500,000;  in  wages,  at  £800,000;  in  grease,  oil,  leather,  &c., 
at  £125,000,  making  a  total  of  £7,225,000. 

The  aggregate  value  of  the  goods  manufactured  is  stated  at 
£15,100,000,  of  which  £8,837,412  is  consumed  in  the  United  King¬ 
dom,  being  at  the  rate  of  6.s.  2 \d.  for  each  individual.  The  dis¬ 
tribution  of  the  manufacture  gives  an  annual  average  of  £29,182 
to  each  factory,  £664  to  each  horse-power,  and  £151  to  each  person 
employed.  The  number  of  persons  dependent  upon  this  industry  in 
the  United  Kingdom  may  be  taken  at  80,262  employed  in  factories, 
210,469  employed  out  of  factories,  72,682  persons  dependent  upon 
these,  making  a  total  of  1,017,558,  or  a  centesimal  proportion  upon 
the  population  of  3J,  equal  to  one-fifth  of  all  employed  upon  textile 
fabrics,  and  one-half  of  those  employed  upon  cotton. 

In  France  there  are  about  180  flax  factories,  with  500,000  spindles, 
consuming  annually  about  90  million  pounds  of  flax.  Of  this  large 
consumption  about  one-third  only  is  produced  in  the  country,  and 
Russia  comes  chiefly  to  the  aid  of  France,  as  it  does  to  England,  in 
supplying  the  raw  material.  To  equalize  the  production  with  the 
consumption  it  would  require  50,000  hectares  more  to  be  cultivated 
with  flax  in  France.  The  average  annual  exports  of  France  are,  flax 
to  the  value  of  30  million  francs,  and  hemp  3  million  francs — together, 
£1,500,000. 

In  the  jury  reports  of  the  Paris  International  Exhibition  of  1855, 
the  number  of  spindles  working  on  flax  was  thus  given  for  various 
countries,  by  M.  Desire  Scribe: — 


United  Kingdom, 

Spindles. 

.  1,400,000 

France, 

.  500,000 

Belgium,  . 

.  150,000 

Austria, 

.  120,000 

Prussia, 

Germany,  . 

.  80,000 

.  20,000 

Russia, 

.  60,000 

Other  countries, 

.  70,000 

2,400,000 

The  fixed  capital  engaged  on  this  industry,  calculated  by  him  at  the 
moderate  price  of  £6  per  spindle,  is  thus  brought  up  to  £14,400  000. 
Estimating  at  £8  the  annual  produce  of  each  spindle,  this  would  give 
a  gross  sum  of  £19,200,000  as  the  value  of  the  flax  produced.  The 
transformation  of  the  fibre  into  linen  will  give  an  increased  value  of 
fully  as  much  more.  But  this  is  not  all ;  hand  spinning  is  still 
carried  on  extensively  in  many  countries,  especially  in  German}''  and 
the  North  of  Europe,  and  it  is  currently  believed  by  the  Paris  jurors 
that,  could  correct  details  be  obtained,  the  produce  of  the  hand-spun 
flax  on  the  continent  would  be  found  to  equal  that  of  the  machine- 
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made  linen.  So  that,  within  moderate  limits,  we  may  fairly  esti¬ 
mate  the  total  annual  production  of  the  flax  industry  of  Europe,  at 
£60,000,000. 

The  flax  shown  from  Norway  does  not  call  for  much  notice.  Its 
culture  there  dates  as  far  back  as  the  pagan  times  before  the  year 
1000.  Flax  is  to  be  met  with  up  to  the  polar  arch  at  least ;  and 
perhaps  even  further  north,  but  only  in  small  quantities.  The  culti¬ 
vation  of  flax  in  Norway,  owing  to  various  causes,  is  attended  to 
less  and  less  every  year.  By  degrees,  as  country  people  began  to 
manage  their  households  in  a  more  rational  manner,  it  was  found 
unprofitable  to  cultivate  the  flax  plant,  probably  because  much 
cheaper  stuffs  could  be  obtained  from  cotton.  As  a  general  rule 
those  plants  which  are  cultivated  for  their  use  in  the  arts  and 
manufactures  do  not  occupy  any  prominent  place  in  Norwegian  agri¬ 
culture,  except  perhaps  in  the  vicinity  of  towns,  where  ground  is 
valuable,  and  where  there  are  greater  facilities  for  obtaining  the 
requisite  quantity  of  manure. 

The  culture  of  flax  in  the  elevated  regions  of  the  Giant  Mountains, 
the  Swabian  and  the  Carpathian  mountains,  and  in  the  Alpine  ranges 
of  Austria,  existed  for  a  long  time  in  its  primitive  state,  until  lately, 
when  the  establishment  of  extensive  flax-steeping  waters,  and  the 
increased  introduction  of  mechanical  spinning  factories  for  yarn, 
gave  a  powerful  impulse  to  the  culture  both  in  quantity  and  quality. 
In  the  eastern  and  southern  parts  of  the  empire  the  culture  of  flax 
gives  place  to  that  of  hemp.  South-eastern  Hungary,  and  the 
Venetian  provinces,  produce  these  fibres  of  a  superior  quality.  The 
average  yearly  production  is  about  2,000,000  cwts.  of  flax,  and 
1,000,000  cwts.  of  hemp  ;  but  this  is  insufficient  for  the  local  demand, 
and  the  quantity  imported  in  1860  was  67,000  cwts,  of  flax  and 
100,000  of  hemp. 

In  the  Danish  court,  Mr.  J.  Andersen  of  Frederiksburg,  near 
Copenhagen,  exhibits  a  variety  of  specimens  of  flax  in  its  various 
stages.  His  mill  is  driven  by  steam  power,  and  is  arranged  accord¬ 
ing  to  the  Irish  system,  and  is  the  only  flax-scutching  mill  in  the 
country.  It  has  been  at  work  since  1847.  The  Danish  farmer 
generally  cultivates  but  little  flax,  and  usually  only  sufficient  for  his 
own  use.  He  gives  himself  little  trouble  in  procuring  Riga  seed, 
and  neglects  the  preparation  and  weeding  of  his  field.  Mr.  Ander¬ 
sen  has  done  all  in  his  power  for  many  years  to  awaken  an  interest 
in  the  farmers  of  his  country  for  the  Irish  mode  of  cultivating  and 
cleaning  flax,  and  also  by  procuring  Riga  seed,  distributing  books 
gratis  explaining  the  culture  and  treatment  of  the  fibre,  in  which 
good  work  he  has  been  aided  by  the  Royal  Danish  Agricultural 
Society.  His  perseverance  has  in  some  measure  been  crowned  with 
success,  and  he  has  received  a  medal  of  merit  from  the  king  of 
Denmark.  The  samples  shown  in  this  case  (1  to  27)  were  grown 
by  different  farmers  last  year  ;  the  remainder  exhibited  were  grown 
by  himself.  One  improved  acre  of  land  produced  him  463  lbs.  of 
flax.  The  others  shown  averaged  458  lbs.  to  the  acre.  Coils  of  rope 
(hemp  and  manilla)  and  rolls  of  canvass  are  shown  from  Denmark. 

HEMP. — France  produces  annually  more  than  200,000,000  lbs.  of 
hemp,  and  yet  this  immense  quantity  is  insufficient,  since  it  is  neces¬ 
sary  to  import  foreign  products,  in  the  proportion  of  about  one-third. 
The  attention,  therefore,  of  practical  men  has  long  been  directed 
towards  means  for  improving  every  process  connected  with  the  pre¬ 
paration  and  manufacture  of  this  textile. 

The  processes  of  manufacturing  this  material  have  long  since 
reached  a  high  state  of  perfection,  but  the  most  primitive  manipula¬ 
tions  are  still  employed  in  its  preparation  ;  before  it  can  become  an 
article  of  commerce.  Recourse  is  still  had  to  retting  for  the  separa¬ 
tion  of  the  filaments,  in  spite  of  the  numerous  and  generally  acknow¬ 
ledged  disadvantages  this  practice  presents.  The  retting  being 
carried  to  the  highest  point,  in  order  to  facilitate  by  the  primitive 
means  still  in  use  the  separation  of  the  filaments,  the  consequence 
is  that  the  fibre  loses  much  of  its  tenacity  and  cohesion,  and  makes  but 


inferior  cordage.  Another  objection  is,  that  this  renders  the  absorp¬ 
tion  of  the  tar,  so  necessary  when  the  rope  is  employed  for  maritime 
purposes,  much  more  difficult.  Two-thirds  of  the  hemp  used  in 
France  are  employed  for  ropemaking.  The  system  of  retting  de¬ 
teriorates  or  destroys  part  of  the  fibrous  tissue.  A  single  stem  of 
hemp  is  composed  of  72  to  80  per  cent,  wood,  and  20  to  28  per 
cent,  fibrous  matter ;  now  the  product  by  retting  is  only  16  per  cent, 
at  maximum,  and  falls  even  as  low  as  12  per  cent.;  the  rest  is  lost. 

A  purely  mechanical  process  of  Messrs.  Leoni  &  Coblenz  of  Paris 
does  away  with  retting  and  all  its  inconveniences ;  the  hemp,  as  it 
is  taken  out  of  the  field,  is  immediately  transformed  into  hai  l.  They 
employ  three  machines,  two  of  which  are  used  for  breaking  and 
triturating  the  woody  part  of  the  unretted  stems,  leaving  the  fibres 
whole  in  all  their  length  ;  the  other  is  for  the  purpose  of  eliminat¬ 
ing  the  woody  parts,  cleaning,  straightening,  and  dividing  the 
filaments.  This  second  machine,  though  of  great  simplicity,  pro¬ 
duces  remarkable  effects,  cleaning  the  fibre  throughout,  whatever  its 
length.  The  action  of  these  machines  is  instantaneous ;  in  a  few 
minutes  the  operation  is  terminated,  and  the  stems,  in  the  state 
in  which  they  were  harvested,  are  converted  into  commercial  hemp 
ready  for  ropemaking. 

After  numerous  trials,  this  process  has  been  adopted  in  Romagna, 
Austria,  and  Piedmont.  Establishments  have  been  founded  at 
Ferrara,  Naples,  and  Polonghera,  all  of  which  have  given  the  most 
satisfactory  results. 

Large  quantities  of  hemp  prepared  by  this  process  have  been 
sold  in  England,  at  much  higher  prices  than  those  generally  obtained 
for  retted  hemp.  Trials  made  in  the  government  dockyards  have 
proved  its  superior  resisting  power.  These  experiments  have 
demonstrated  that  a  rope  made  of  unretted  hemp  has  a  resisting 
power  27  per  cent,  superior  to  one  of  the  same  diameter  made  of 
the  best  retted  hemp. 

There  are  about  twenty-three  exhibiters  of  flax  and  hemp  in  the 
Belgian  court.  Messrs.  Felhoen  Brothers  (168),  show  samples  pre¬ 
pared  by  their  system  of  working,  by  which  it  is  possible  to  scutch  the 
very  shortest  as  well  as  the  longest  flax.  Mr.  J.  J.  Lefebure,  of  Brus¬ 
sels,  shows  a  fine  collection  of  machine-made  flax  and  hemp.  Some 
of  the  advantages  set  forth  as  resulting  from  his  patent  process 
are,  the  production  of  the  whole  of  the  textile  matter  from  the  fibre, 
the  complete  removal  of  all  resinous  substances  without  deteriorating 
the  strength;  preserving  the  whitish  or  golden  shade  of  colour,  a 
better  commercial  article  is  produced,  and  the  flax  can  be  spun  up 
to  finest  numbers.  The  thread  is  strong,  regular,  brilliant,  and 
clean,  remains  cylindrical,  does  not  require  bleaching,  and  the  loss 
of  15  per  cent,  in  weight  is  thus  avoided.  The  raw  yarn  may  be 
dyed  the  most  delicate  colour  without  preparation.  This  exhibiter 
has  received  eleven  first  class  medals  at  the  several  Belgian  and 
French  industrial  exhibitions,  in  1859, 1860,  and  1861.  Mr.  C.  David 
(151),  of  Antwerp,  exhibits  a  case  of  specimens  of  flax  from  Flan¬ 
ders,  spun  by  hand.  His  products  were  favourably  mentioned  at 
Paris  in  1855. 

Hemp  forms  the  principal  export  of  Russia,  and  is  cultivated 
also  to  some  extent  in  Italy,  where  a  succession  of  crops  is  con¬ 
tinued  on  the  same  land  for  years.  Such  is  the  enormous  quantity 
that  Russia  produces,  that  some  twenty-five  persons  monopolize  the 
market  of  St.  Petersburg,  whence  they  export  to  the  value  of  more 
than  a  million  sterling  per  annum.  Independent  of  this,  upwards 
of  £350,000  worth  is  shipped  from  Riga,  to  say  nothing  of  the  pro¬ 
duce  of  the  States.  But  there  may  be  some  demur  as  to  the  land 
carriage  in  South  Africa.  Railways  are,  however,  forming  in  the 
Cape  colony,  and  it  should  be  remembered  that  the  greater  part  of 
the  hemp  exported  by  Russia  is  brought  from  very  far  in  the  interior, 
on  the  worst  of  roads,  and  on  the  roughest  vehicles.  The  value  of  the 
hemp  seed  must  not  be  lost  sight  of,  which  is  converted  into  linseed  oil. 

It  is  much  to  be  regretted  that,  among  other  remunerative  under- 
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takings,  more  attention  lias  not  been  given  to  the  practicability  of 
turning  some  millions  of  acres  of  our  fertile  lands  in  the  Cape 
Colony  and  India  to  good  account,  by  causing  them  to  produce  an 
inexhaustible  supply  of  raw  fibrous  material,  which  would  place  us 
independent  of  foreign  powers.  We  have  vast  extents  of  land  fitted 
for  the  culture  of  hemp,  in  Canada,  British  India,  the  South  African 
colonies,  and  many  of  the  Australian  settlements.  In  the  eastern 
province  of  the  Cape  and  in  Natal  there  is  plenty  of  labour,  and  hemp 
is  well  adapted  to  the  soil,  climate,  and  as  a  crop  to  the  untaught 
natives.  It  grows  spontaneously  all  over  the  country,  and  is  of  the 
greatest  importance,  while  the  plant  is  free  from  every  kind  of  enemy 
in  the  shape  of  insect,  drought,  or  blight.  It  will  be  found  growing 
there  in  the  finest  possible  perfection,  when  other  vegetation  is 
suffering  from  drought.  All  it  requires  is  manure,  which  the  colony 
abounds  with.  It  may  be  argued  by  some,  that  the  preparation  of 
the  fibre  for  the  market  requires  time,  labour,  and  costly  machinery. 
This  might  have  been  the  case  in  former  times;  but  chemistry 
and  the  arts  have  done  so  much  for  us  that  it  is  not  the 
case  at  the  present  day,  seeing  that  all  the  machinery  required  in  its 
preparation  for  market  sinks  into  insignificance  when  compared  with 
costly  sugar  mills,  boilers,  and  steam-engines.  That  it  would  pay  the 
growers  there  could  be  no  doubt,  for  the  average  price  may  be  taken, 
at  least,  at  £35  per  ton,  and  certainly  if  it  remunerates  the  Cape 
farmers  to  raise  oat-hay,  which  is  subject  to  so  many  drawbacks,  and 
convey  it  100  miles  for  £5  or  £6  a  ton,  then  surely  hemp  as  a  crop 
must  be  far  more  lucrative.  There  is  no  fear  of  overstocking  the 
English  market. 

JUTE. — Attempts  have  been  made  from  time  to  time  to  introduce 
other  fibrous  substances,  which  might  come  in  as  substitutes  for  or 
adjuncts  to  flax.  The  only  one  which  has  for  manufacturing  pur¬ 
poses  yet  reached  to  any  import¬ 
ance  is  jute,  a  fibre  prepared  in 
India,  chiefly  in  Bengal,  from  the 
bark  of  the  Corchorus  capsularis, 
Fig.  11 9,  a  plant  of  the  natural  order 
Tiliaceae,  the  same  family  as  the 
lime  or  linden  tree,  from  the  bark 
of  which  we  obtain  the  bast  mats 
so  well  known  to  gardeners.  The 
seeds  of  the  jute  plant  are  sown 
about  April  or  May.  When  the 
plants  have  flowered  in  July  or 
August,  they  are  cut  down,  the 
tops  removed,  and  the  stems  tied 
into  bundles,  which  are  steeped  in 
water  for  a  week  or  ten  days. 
When  the  bark  separates,  and  the 
stalk  and  fibres  become  softened, 
they  are  taken  from  the  water  and  untied.  The  fibre  or  bark 
removed  from  the  stem  is  then  exposed  to  the  sun  to  dry,  and  after 
being  cleaned  becomes  soft  and  silky,  and  is  considered  fit  for 
market.  Could  the  fibre  be  prepared  without  the  lengthened 
immersion  in  water,  whereby  it  becomes  liable  to  rot  and  decay, 
the  value  of  jute  would  be  greatly  increased.  The  attention  of 
practical  men  has  of  late  been  directed  towards  the  means  of 
remedying  so  serious  a  defect  in  this  most  useful  product.  So 
careful  is  the  manufacturer  obliged  to  be,  that  during  the  time  the 
stems  are  steeping  he  must  have  them  examined  daily,  in  order  to 
guard  against  over  decomposition.  Even  after  they  are  removed 
fiom  the  water,  the  lower  part  of  the  stem,  which  the  hand  has 
previously  held,  becomes  so  contaminated  that  it  has  to  be  cut  off 
as  useless.  These  fragments,  however,  are  not  wasted ;  they  are 
shipped  to  North  America  as  a  paper  material,  for  working  up  into 
rough  bagging,  and  are  even  said  to  be  employed  there  for  distill¬ 
ing  whisky. 


It  is  only  within  the  last  quarter  of  a  century  that  jute  has  formed 
an  item  in  our  imports  from  the  East.  There  is  now  a  very  con¬ 
siderable  trade  carried  on  in  this  fibre,  the  local  value  of  which 
has  increased  tenfold  since  the  commencement  of  the  trade.  The 
production  in  India  is  now  fully  300,000  tons,  and  in  some  years  as 
much  as  270,000  tons  of  the  fibre  and  of  manufactured  bagging  from 
it  have  been  shipped  from  India,  or  considerably  more  than  the 
whole  of  the  flax  and  hemp  fibres  consumed  in  this  country. 

There  is  scarcely  a  town  in  the  kingdom  in  which  jute  is  not 
used  for  some  purpose  or  other,  as  for  clothes-lines,  sail-lines, 
halters,  skipping-ropes,  &c. ;  but  it  is  in  Dundee  that  the  chief 
consumption  and  manufacture  centres.  It  is  used  up  in  low-priced 
carpetings,  for  sacks  and  sailcloth,  mixed  with  the  cotton  warps  of 
cheap  broadcloths  and  silk  fabrics,  &c.  While  in  1838  the  quantity 
of  jute  used  in  Dundee  was  little  more  than  1000  tons,  the  con¬ 
sumption  in  manufactures  there  now  reaches  about  45,000  tons. 

Jute,  sunn,  and  other  hemp-like  fibres,  are  mixed  up  in  the  official 
trade  returns,  but  the  bulk  of  the  imports  consists  of  jute.  Sunn 
is  the  product  of  a  leguminous  plant,  the  Crotalaria  juncea,  with 
yellow  flowers  like  those  of  the  Spanish  broom. 

The  gradual  increase  of  imports  of  jute,  &c.,  into  this  country  are 
shown  by  the  following  figures : — The  average  of  the  four  years 
ending  1856  was  25,346  tons ;  and  of  the  four  years  ending  1860, 
41,2Q1  tons.  In  1861  the  imports  reached  46,632  tons. 

Various  thick  coarse  fabrics  are  made  from  it,  known  under  the 
local  name  of  “  gunies”  and  gunny  bagging,  of  which  whole  cargoes, 
amounting  to  tens  of  thousands  of  pieces,  are  annually  taken  by  the 
Americans  as  a  baling  material.  As  much  as  100,000  tons  are  stated 
to  be  shipped  from  India  annually  in  the  form  of  gunny  bags  and 
bagging,  the  former  weighing  on  the  average  about  2  lbs.,  and  the 
latter,  in  lengths  of  30  yards,  weighing  about  6  lbs.  As  it  takes  about 
6  yards  for  wrapping  every  bale  of  cotton,  a  crop  of  3,500,000  bales 
of  American  cotton  requires  21 ,000,000  yards  of  bagging.  One-third 
of  this  supply  is  usually  imported  gunny  cloth  from  Bengal;  the  rest 
of  what  is  used  for  other  packing  purposes  is  chiefly  hemp  bagging. 
The  annual  shipments  from  Calcutta  average  9,000,000  pieces  of 
gunny  cloth,  and  from  Madras  and  Bombay  about  11,000  gunny 
bags.  Some  of  these  are  made  from  sunn  fibre ;  and  rice,  spices, 
and  other  dry  goods  are  shipped  in  them. 


2.-P  A  P  E  R  MATERIALS. 

By  W.  Stone,  Esq.,  F.S.A.,  London. 

ANCIENT  MATERIALS. 

S  communication  of  thought  by  written 
signs  must  have  immediately  involved 
the  considerations  of  the  substances 
upon  which  such  signs  should  be  in¬ 
scribed,  we  shall  refer  to  the  materials 
used  by  the  ancients ;  but  the  limits 
assigned  to  this  article  preclude  any 
lengthened  remarks  on  this  interest¬ 
ing  branch  of  the  subject.  It  may, 
however,  be  observed  that  the  follow¬ 
ing  substances  have  been  more  or  less  employed  from  the  earliest 
periods,  for  the  purposes  to  which  paper  is  now  applied : — 

Leaves  of  Plants. — These  have  been  used  from  a  very  remote 
date.  Books  formed  of  such  leaves  are  to  be  found  in  many  public 
libraries,  and  the  practice  of  writing  upon  them  still  obtains  among 
some  of  the  Eastern  nations.  The  common  books  of  the  Barmans  are 
made  of  the  palmyra  leaf;  and  by  means  of  two  cords  passing  through 
holes  at  the  end  of  each  leaf,  and  also  through  the  wooden  boards 
which  serve  for  covers,  any  number  of  pieces  may  be  connected, 
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and  form  a  volume.  Elegant  specimens  of  these  books,  bound  in 
lacquered  boards,  may  be  seen  in  the  museum  of  the  Council  of 
India. 

Wood  or  Bark. — Many  notices  in  the  Scriptures  and  ancient 
authors  clearly  indicate  that  these  materials  were  constantly 
employed.  Zacharias,  the  father  of  John  the  Baptist,  when  required 
to  write  the  name  of  his  son,  asked  for  a  writing  tablet. 

“This  trusty  table-book, 

To  tbee,  0  Venus,  now  I  dedicate, 

Which  was  but  worthless  maple-wood  of  late.” 

“  With  costly  gold  my  tablets  were  not  made, 

On  common  box  the  sordid  wax  was  laid.” 

The  tablets  were  waxed,  and  the  writings  inscribed  by  means  of  a 
style.  The  application  of  the  words  “  liber  ”  and  “  folio  ”  to  a 
book  and  leaf  of  paper,  doubtless  originated  in  the  use  of  the  inner 
bark  and  the  leaves  of  trees  as  writing  materials. 

Metals. — Materials  of  this  character  call  for  mention  only,  requiring 
the  treatment  of  the  engraver  rather  than  the  writer.  The  Russians 
have,  however,  printed  upon  very  thin  sheet  iron. 

Skins. — The  employment  of  the  skins  of  animals  is  known  to  us 
from  the  choice  illuminated  books,  legal  and  other  documents,  which 
have  descended  to  modern  times,  more  especially  from  the  middle 
and  earlier  ages  of  the  Christian  era — monuments  of  the  devotion, 
artistic  power,  learning,  and  civilization  of  the  period  too  sweepingly 
assumed  to  have  been  buried  in  gross  and  universal  ignorance. 

Earths. — Mr.  Birch,  in  his  “History  of  Ancient  Pottery,”  makes 
the  following  pertinent  remarks  on  this  point : — 

“  The  materials  used  for  writing  on,  have  varied  in  different 
nations.  Among  the  Egyptians  slices  of  limestone,  leather,  linen, 
and  papyrus,  especially  the  last,  were  universally  employed.  The 
Greeks  used  bronze  and  stone  for  public  monuments,  and  papyrus 
for  the  ordinary  transactions  of  life.  The  kings  of  Pergamos 
adopted  parchment,  and  the  other  nations  of  the  ancient  world 
depended  chiefly  on  a  supply  of  the  paper  of  Egypt.  But  the 
Assyrians  and  Babylonians  employed  for  their  public  archives,  their 
astronomical  computations,  their  religious  dedications,  their  histori¬ 
cal  annals,  and  even  for  little  deeds  and  bills  of  exchange,  tablets, 
cylinders,  and  hexagonal  prisms  of  terra-cotta.  Two  of  these  cylin¬ 
ders,  still  extant,  contain  the  history  of  the  campaign  of  Sennacherib 
against  the  kingdom  of  Judah;  and  two  others,  exhumed  from  the 
Birs  Nimrud,  give  a  detailed  account  of  the  dedication  of  the  great 
temple  of  Nebuchadnezzar  to  the  seven  planets.  To  this  inde¬ 
structible  material,  and  to  the  happy  idea  of  employing  it  in  this 
manner,  the  present  age  is  indebted  for  a  detailed  history  of  the 
Assyrian  monarchy ;  while  the  decades  of  Troy,  the  plays  of  Men¬ 
ander,  and  the  lays  of  Anacreon,  confided  to  a  more  perishable 
material,  have  either  wholly  or  partly  disappeared  amidst  the  wreck 
of  empires.” 

The  preceding  are  cases  in  which  the  articles  were  used  in  their 
natural  condition,  undergoing  but  little  if  any  manufacturing  pre¬ 
paration. 

The  attempt  most  approaching  to  the  manufacture  of  a  modern 
writing  material  was  made  by  the  Egyptians,  who  for  this  purpose 
compressed  the  cellular  tissue  of  the  stem  of  a  plant  of  the  sedge 
tribe;  but  the  reduction  of  the  fibres  to  pulp  does  not  appear  to  have 
formed  any  part  of  the  process.  This  papyrus,  whence  our  word 
paper,  was  exported  largely  to  Rome,  where  it  was  sized  with  flour 
and  polished. 

MODERN  MANUFACTURE. 

History  has  neither  preserved  the  date  at  which  the  manufacture 
of  paper  from  pulp  commenced,  nor  the  name  of  the  inventor.  It 
appears  probable,  however,  that  the  art  originated  in  the  East,  and 
was  introduced  by  the  Arabs  into  Europe.  The  earliest  mention  of 


the  manufacture  in  England  occurs  in  a  book  printed  by  Caxton 
about  the  year  1470,  the  paper  of  which  was  made  by  one  John 
Tate  of  Seel  Mill,  and  the  interest  attending  the  establishment  of 
this  new  manufactory  was  sufficient  to  induce  notice,  and  probably  a 
visit  from  the  reigning  sovereign,  Henry  VII.,  in  whose  household- 
book  are  entries  in  1498  and  1499  of  payments  to  Tate  of  the  “  paper 
mylne.”  The  family  appears  to  have  been  of  some  note  in  the  city 
of  London. 

Queen  Elizabeth  encouraged  the  exertions  made  in  her  reign  to 
extend  this  branch  of  industry,  and  John  Spielman  (afterwards  Sir 
John),  the  proprietor  of  a  mill  at  Dartford,  Kent,  is  reported  to 
have  employed  six  hundred  men.  Thomas  Churchyard,  soon  after 
the  establishment  of  John  Spielman’s  mill  at  Dartford,  published  a 
poem  under  the  title,  “  A  description  and  playne  discourse  of  paper 
and  the  whole  benefits  that  paper  brings,  with  rehearsal  and  setting 
forth  in  verse  a  paper  myll  built  near  Dartforth  by  an  high  Germaine 
called  Master  Spilman,  jeweller  to  the  Queen’s  majestie.”  His  tomb 
in  Dartford  church  was  repaired  and  beautified  two  years  ago,  at  the 
expense  of  the  papermakers. 

Thus,  under  the  sagacious  encouragements  of  the  Tudor  sove¬ 
reigns,  was  this  important  manufacture  floated  and  started  on  its 
voj'age  down  the  sea  of  time,  and  henceforward  the  value  of  worn 
garments  became  considerable,  and  the  “  paper  material”  question 
ever  and  anon  cropped  up  in  the  public  mind. 

A  period  of  depression  under  the  Stuarts  supervened.  Fuller, 
writing  on  this  subject  in  1662,  says: — “Our  modern  paper  is  made 
of  grinded  rags,  and  yet  this  new  artificial  doth  still  thankfully  retain 
the  name  of  the  old  material,  ‘  paper.’ 

“  It  may  pass  for  the  emblem  of  men  of  mean  extraction,  who  by 
art  and  industry,  with  God’s  blessing  thereon,  come  to  high  prefer¬ 
ment.  ‘  He  raiseth  the  poor  out  of  the  dust,  and  lifteth  the  needy 
out  of  the  dunghill,  that  he  may  set  him  with  his  princes,  even  with 
the  princes  of  his  people.’ 

“One  may  find,  if  searching  into  the  pedigree  of  paper,  it  cometh 
into  the  world  at  the  downgate,  raked  thence  in  rags,  which,  refined 
by  art  (especially  after  precious  secrets  are  written  therein),  is  found 
fit  to  be  choicely  kept  in  the  cabinets  of  the  greatest  potentates. 

“  Paper  participates  in  some  sort  of  the  character  of  the  country¬ 
men  which  make  it,  the  Venetian  being  neat,  subtle,  and  court-like; 
the  French  light,  slight,  and  slender ;  the  Dutch  thick,  corpulent, 
and  gross,  not  to  say  sometimes  also  clxarta  bibula — sucking  up  the 
ink  with  the  sponginess  thereof. 

“  Pity  the  making  of  paper  is  disused,  considering  the  vast  sums 
yearly  expended  in  our  land  for  paper  out  of  Italy,  France,  and 
Germany,  which  might  be  lessened  were  it  made  in  our  nation. 

“  To  such  who  object  that  we  can  never  equal  the  perfection  of 
Venice  paper,  I  return,  Neither  can  we  match  the  purity  of  Venice 
glasses ;  and  yet  many  green  ones  are  blown  in  Sussex,  profitable 
to  the  makers  and  convenient  for  the  users  thereof,  as  no  doubt  such 
courser  (home-spun  paper)  would  be  found  very  beneficial  to  the 
commonwealth.” 

For  political  and  repressive  reasons  a  duty  was  imposed  upon  paper 
in  1712,  and  the  discussion  attendant  thereon  drew  the  attention  of 
the  learned  author  of  the  Spectator,  and  in  his  own  elegant  style 
Addison  painted  the  following  panorama  of  the  rag  and  paper 
question,  true  in  1862  as  one  hundred  and  fifty  years  since  : — 

“  Our  paper  manufacture  takes  into  it  several  mean  materials, 
which  could  be  put  to  no  other  use,  and  affords  work  for  several 
hands  in  the  collecting  of  them,  which  are  incapable  of  other  employ¬ 
ment.  These  poor  retailers,  whom  we  see  so  busy  in  every  street, 
deliver  in  their  respective  gleanings  to  the  merchant ;  the  merchant 
carries  them  in  loads  to  the  paper  mill,  where  they  pass  through  a 
fresh  set  of  hands,  and  give  life  to  another  trade.  Those  who  have 
mills  on  their  estates  by  this  means  considerably  raise  their  rents ; 
and  the  whole  nation  is  in  a  great  measure  supplied  with  a  manu- 
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facture  for  which  formerly  she  was  obliged  to  her  neighbours.  In 
short,  when  I  trace  in  my  mind  a  bundle  of  rags  to  a  quire  of  Spec¬ 
tators. ,  I  find  so  many  hands  employed  in  every  step  they  take 
through  their  whole  progress,  that  while  I  am  writing  a  Spectator 
I  fancy  myself  providing  bread  for  a  multitude.  It  is  pleasant 
enough  to  consider  the  changes  that  a  linen  fragment  undergoes  by 
passing  through  the  several  hands  above  mentioned.  The  finest 
pieces  of  Holland,  when  worn  to  tatters,  assume  a  new  whiteness 
more  beautiful  than  the  first,  and  often  return  in  the  shape  of  letters 
to  their  native  country.  A  lady’s  shift  may  be  metamorphosed  into 
billets  doux,  and  come  into  her  possession  a  second  time.  A  beau 
may  peruse  his  cravat  after  it  is  worn  out,  with  greater  pleasure  and 
advantage  than  ever  he  did  in  a  glass.  In  a  word,  a  piece  of  cloth, 
after  having  officiated  for  some  years  as  a  towel  or  a  napkin,  may  by 
this  means  be  raised  from  a  dunghill,  and  become  the  most  valuable 
piece  of  furniture  in  a  prince’s  cabinet.” 

DEMAND — GROWTH  AND  PRESENT  EXTENT. 

The  demand  for  paper  has  arisen  from  the  improved  education  of 
the  people,  rendering  the  desire  for  books  universal — the  spread  of 
the  newspaper  system  of  diffusing  information-»-colonization  and 
foreign  intercourse,  inducing  enlarged  and  frequent  correspondence 
— the  introduction  of  the  penny  postage,  and  the  use  of  envelopes, 
which  last  in  itself  alone  has  created  quite  a  new  and  extensive-* 
branch  of  industry. 

The  following  Table,  showing  the  gradual  growth  of  the  revenue 
derived  from  paper,  may  be  interesting,  showing  the  birth,  life,  and 
death  of  this  tax  : — 


Year. 

England. 

Scotland. 

Ireland. 

£ 

s. 

I>. 

£ 

S. 

D. 

£ 

s. 

D. 

1713 

13,743 

15 

9 

0>  T^, 

1714 

0,382 

4 

5 

1  § 
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5 

4 
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4 

8 
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14 

0 
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12 

4 

“  =2  in 
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8,919 

19 

8 

- 

£ 

1740 
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4 

0 
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li 

0 

1745 

10,570 

11 

11 

172 

0 

0 

1750 

14,290 

17 

0 

180 

17 

0 

1755 

10,001 

5 

3 

255 

9 

0 

1700 

20,848 

14 

8 

380 

8 

0 

1705 

25,858 

19 

2 

015 

2 

0 

1770 

14,592 

9 

8 

851 

2 

0 

1775 

15,239 

1 

11 

73  5 

10 

5 

1780 

14,111 

9 

0 

027 

2 

7 

1785 

04,458 

10 

2 

2,593 

3 

6 

1790 

80,800 

1 

11 

5,048 

0 

11 

Duty  commenced, 

1795 

140.730 

2 

10 

10,970 

4 

3 

25th  March,  1798 

1800 

105,999 

3 

5 

19,008 

1 

5 

10,634 

9 

8 

1805 

301,044 

0 

2 

37,488 

9 

3 

13,794 

9 

8 

1810 

411,892 

11 

6 

44,277 

11 

4 

17,005 

12 

6 

1815 

455,709 

15 

3 

47,205 

1 

6 

16,852 

9 

6 

1820 

491,125 

7 

5 

52,182 

16 

3 

16,017 

3 

2 

1825 

G18,757 

3 

8 

80,219 

6 

0 

38,565 

1 

3 

1830 

G19,824 

7 

11 

100,508 

15 

4 

20,037 

8 

3 

1835 

705,292 

15 

7 

132,202 

n 

0 

30,943 

14 

11 

1840 

494,828 

5 

9 

108,075 

4 

0 

23,159 

17 

6 

1845 

023,809 

5 

1 

154,344 

11 

8 

37,157 

11 

5 

1850 

093,741 

4 

11 

187,087 

12 

5 

44,096 

14 

8 

1855 

845,938 

1 

9 

240,507 

13 

8 

48,844 

2 

8 

1800 

— 

As,  however,  in  the  early  periods  of  the  taxation  of  paper  the 
duty  was  levied  on  the  ream,  and  not  by  weight,  the  preceding 
Table  does  not  exactly  represent  the  rate  of  growth  of  the  manu¬ 
facture,  no  less  than  thirteen  different  classes  or  scales  being  at 
one  time  adopted.  It  was  not  until  1794  that  an  account  of  the 


weight  of  paper  was  taken  by  the  Excise,  in  which  year,  by  the 
Revenue  return,  the  weight  of  all  kinds  of  paper  made  in  Eng¬ 
land  amounted  to  4,596,750  lbs.,  and  in  Scotland,  to  190,245  lbs. 
In  the  year  1837  the  principle  of  classification  was  discontinued, 
and  one  uniform  rate  of  1  \d.  per  lb.  on  paper  of  every  description 
substituted,  and  the  only  change  subsequently  made  was  the  impo¬ 
sition  of  an  additional  50  per  cent,  from  the  year  1840,  which 
continued  until  theabolition  of  the  duty  in  1861. 

The  following  Table  more  distinctly  shows  the  progress  of  the 
manufacture  during  the  last  forty  years  : — 


THE  QUANTITY  OF  PAPER  MANUFACTURED,  EXPORTED,  AND  CONSUMED 
IN  THE  UNITED  .KINGDOM  SINCE  1820. 


Years. 

Paper  (including  Pasteboard  and  Millboard  Paper). 

Manufactured. 

Consumed. 

Exported. 

Lbs. 

Tons. 

Lbs. 

Tous. 

Lbs, 

Lbs. 

1820 

48,178,501 

21,508 

1821 

52,153,263 

23,283 

1822 

55,578,014 

24,812 

1823 

58,497,603 

20,115 

1824 

62,634,965 

27,902 

1825 

67,527,061 

30,146 

1826 

53,731,857 

23,987 

1827 

04,885,071 

28,967 

1828 

70,037,731 

31,267 

1829 

04,517,285 

28,802 

• 

1830 

69,127,650 

30,800 

CJ 

O 

<Sj 

rO 

1831 

67,494,410 

30,131 

u 

o 

o 

O 

O 

o 

1832 

09,804,071 

31,163 

QJ 

<y 

W 

1833 

73,644,324 

32,877 

1834 

76,137,793 

33,990 

*"3 

1835 

79,617,114 

35,543 

1836 

86,179,027 

38,473 

O 

o 

o  ** 

O 

1837 

88,950,845 

39,710 

-g 

-g 

1838 

93,406,286 

41,726 

£ 

a 

A 

1839 

97,643,823 

43,591 

1840 

97,237,358 

43,409 

1841 

97,103,548 

43,349 

1842 

96,093,322 

43,167 

1843 

103,449,025 

46,183 

1844 

109,495,148 

48,882 

1845 

124,247,070 

55,467 

1840 

127,442,480 

56,894 

1847 

121,965,312 

54,449 

1848 

121,820,227 

54,384 

110,639,943 

52,071 

5,180,286 

2,313 

1849 

132,132,657 

58,988 

126,166,341 

56,324 

5,966,319 

2,664 

1850 

141,032,474 

62,961 

133,267,940 

59,495 

7,704,534 

3,466 

1851 

150,903,544 

67,368 

142,597,945 

63,659 

8,305,598 

3,708 

1852 

154,409,211 

68,959 

147,140,325 

65,688 

7,328,886 

3,272 

1853 

177,633,009 

79,300 

164,336,135 

73,364 

13,296,874 

5,936 

1854 

177,890,224 

79,418 

161,784,204 

72,225 

16,112,020 

7,193 

1855 

100,776,394 

74,454 

155,057,843 

69,490 

11,118,551 

4,904 

1850 

187,716,575 

83,802 

172,917,596 

77,195 

14,798,979 

6,006 

1857 

191,721,620 

85,590 

175,690,557 

78,433 

16,031,063 

7,157 

1858 

192,847,825 

86,093 

176,298,997 

78,705 

16,548,828 

7,388 

1859 

217,827,197 

97,244 

197,759,448 

88,285 

20,067,749 

8,959 

1800 

223,575,285 

— 

— 

— 

— 

— 

SUPPLY — ITS  NATURE  AND  CHARACTERISTICS. 

The  preceding  tables  may  be  considered  measures  in  some  degree 
of  the  requirements  of  the  manufacture,  and  such  demands  growing 
in  extent  and  variety  have  hitherto  been  met  by  the  supply,  or  the 
resulting  paper  could  not  have  been  made  and  charged  with  duty. 

From  the  extracts  previously  given,  it  will  have  been  evident  to 
the  reader  that  from  the  first  establishment  of  the  manufacture  worn 
fabrics  have  been  regarded  and  recognized  as  the  staple  of  the  trade, 
and  until  recently  so  remained  undisputed. 

A  peculiar  and  important  advantage  attending  the  use  of  rags 
consists  in  the  circumstance  that,  in  their  conversion  from  raw 
vegetable  fibres  into  woven  fabrics,  they  have  undergone  a  thorough 
cleansing  and  separation  from  refuse,  a  result  which  would  other¬ 
wise  have  to  be  attained  at  the  paper  mill ;  and  the  cost  of  such 
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operation  is  included  in  the  price  paid  for  the  manufactured  goods, 
when  purchased  as  articles  of  dress  or  for  other  purposes,  and  no 
part  of  the  expense  attending  the  process  is  borne  by  the  paper. 

.  Should  the  papermaker,  however,  resort  directly  to  the  vegetable 
substances  in  their  natural  state  of  growth,  the  whole  cost  of  the 
conversion  of  the  raw  fibre  into  paper  would  have  to  be  defrayed  by 
the  paper  produced. 

This  may  be  illustrated  by  tracing  the  course  of  a  single  article 
of  apparel,  as  a  shirt :  when  bought  new7,  the  cotton  or  linen  has 
been  gathered,  cleansed,  spun,  woven,  in  fact  half- made  into  paper; 
the  expense  of  these  operations  being  paid  for  in  the  purchase-money 
of  the  shirt,  which  is  regarded  by  the  buyer  and  seller  as  the  final 
object  of  these  processes,  no  consideration  that  it  will  make  a  few 
sheets  of  paper,  when  worn  out,  ever  entering  into  their  calculation. 
Moreover,  no  other  manufacture  competes  for  worn  out  linen  and 
cotton  garments,  they  being  neither  ground  into  shoddy  and  worked 
up  again  into  cloth,  as  old  woollen  garments  of  some  descriptions, 
nor  used  for  manure,  as  oilier  woollen  goods ;  nor  even  for  tinder, 
which  is  becoming  a  study  for  antiquarians. 

This  position  being  admitted,  two  questions  arise,  Is  the  price  of 
rags  likely  to  remain  at  a  figure  which  the  paper  manufacturer  can 
reasonably  afford  to  pay,  or  in  other  words,  will  the  production  of 
rags  keep  pace  with  the  demand  for  paper  ?  And  a  second  ques¬ 
tion,  Can  any  raw  or  unwoven  substances  be  found  to  answer 
the  purpose  of  rags,  and  be  profitably  used  in  the  manufacture  of 
paper  ? 

From  the  Table  showing  the  annual  quantity  of  paper  produced 
in  the  United  Kingdom  during  the  last  thirty  years,  it  might  at  first 
sight  be  supposed  that,  with  a  nearly  fourfold  demand  in  I860,  as 
compared  with  1830,  the  price  of  the  raw  material  would  have  con¬ 
siderably  advanced.  Has  it  done  so?  "What  regulates  the  price  of 


rags?  We  have  seen  that  rags  are  worthless,  except  for  the  pur¬ 
poses  of  this  manufacture,  and  they  are  necessarily  produced  in 
large  quantities.  In  all  civilized  countries  there  is  yearly  produced 
a  certain  fixed  average  supply  of  paper  materials,  the  production 
costing  nothing,  and  only  requiring  the  payment  of  those  by  whom 
it  is  collected.  WTho  are  they,  and  how  are  they  paid?  In  gene¬ 
ral  it  may  be  taken,  that  when  articles  of  dress  have  served  their 
purposes  as  apparel,  they  become  the  perquisites  of  the  family  ser¬ 
vants,  who  preserve  them  until  the  periodical  visit  of  a  rag  buyer. 
He,  in  his  turn,  accumulates  the  small  parcels  thus  obtained,  until, 
eventually,  the  quantity  may  be  worthy  the  attention  of  the  paper 
manufacturer.  The  lowest  price  of  rags,  then,  in  any  given  loca¬ 
lity,  will  be  the  remuneration  which  the  house  servant  and  the  rag 
collector  expect  for  their  trouble.  If  the  rag  collector  will  not 
pay  sufficient  to  induce  servants  to  save  the  articles  as  they  are 
discarded,  the  dust-heap  or  the  fire  will  probably  be  their  destina¬ 
tion,  and  should  he  not  realize  sufficient  profit,  his  rounds  will  be 
neglected  for  some  other  employment. 

It  will  be  evident,  also,  that  in  old  and  populous  countries,  where 
wages  are  lower  than  in  many  new  countries,  the  perquisites  thus 
obtained  will  form  a  considerable  per  centage  of  the  ordinary  wages, 
and  this  item  will  receive  attention ;  but,  in  a  new  country,  with 
wages  high,  these  small  ekeings-out  will  he  disregarded,  and  by 
consequence,  makers  in  the  former  countries  will  have  a  larger 
supply  of  materials  than  those  in  newer  countries. 

Now,  as  refuse  articles  down  to  the  value  of  8s.  per  cwt.  are  col¬ 
lected,  it  shows  that  even  that  low  price  is  not  below  the  limit  of 
remuneration  necessary  to  secure  collection. 

What  has  been  the  effect  on  price  of  the  vastly  increased  demand? 
absolutely  nothing,  as  the  following  Table,  from  actual  transactions 
on  the  largest  scale  in  the  trade,  clearly  exhibits : — 


TABLE  SHOWING  THE  AVERAGE  PRICE  OP  ENGLISH  RAGS  IN  LONDON,  PER  TON,  FROM  1830  TO  1861. 


Yeais. 

New  Pieces. 

Fines. 

Government  Canvas. 

Merchant  Canvas. 

Seconds. 

Thirds. 

Colours. 

Per  ton  in  £ 

Per  ton  in  £ 

Per  ton  in  £ 

Per  ton  in  £ 

Per  ton  in  £ 

Per  ton  in  £ 

Per  ton  in  £ 

1830 

45 

to 

40 

32 

to  34 

No  data. 

18 

20 

21 

17 

to  18 

16 

10 

1831 

44 

48 

34 

— 

No  data. 

17 

18 

16 

10 

1832 

38 

40 

No  data. 

— 

1833 

38 

40 

34 

24 

20 

10s. 

18 

16 

8  10s. 

1834 

38 

28 

24 

22 

22  10s. 

17 

18 

14 

8  10s. 

1835 

36 

38 

26 

24 

20 

22 

17 

18 

11  to  12 

6 

1836 

40 

30 

32  34 

24 

22 

16 

18 

11  12 

6 

1837 

42 

44 

32 

25  10s. 

20 

22 

16 

18 

12 

5  10s.  to  6 

1838 

44 

48 

34 

38  40 

No  data. 

23 

16 

18 

12 

5  10s. 

1839 

40 

34 

38  40 

25 

21 

18 

10  10s. 

5  10s. 

1840 

35 

36 

40 

30 

No  data. 

21 

18 

12 

5  10s. 

6 

1841 

35 

36 

40 

26 

No  data. 

22 

16 

12 

7 

1842 

35 

26 

24 

22 

15 

12 

6  10s. 

1843 

35 

25 

24 

22 

14 

10  10  10s. 

6  10s. 

1844 

35 

26 

24 

22 

16 

11 

7 

1845 

34 

36 

30 

24 

20 

21 

18 

13 

7  10s. 

1846 

40 

No  data. 

24  10s. 

22 

23 

1847 

36 

40 

29 

No  data. 

22 

17  10s. 

12 

7  10s. 

1848 

40 

44 

24 

No  data- 

20 

22 

16 

12 

7  10s. 

1849 

35 

40 

23 

24  25 

21 

16 

18 

11  10s. 

6  10s. 

1850 

36 

38 

35 

23 

10s.  24 

25 

22 

10s. 

18 

11  10s. 

7 

1851 

40 

45  42 

36 

26 

28 

25  26 

22 

10s.  23 

24 

16 

12 

8 

1852 

42 

38 

35 

26 

28 

22  23 

23 

22 

21 

16  10s. 

12 

7 

8 

1853 

40 

38 

42 

26 

28 

25 

21 

22 

16  10s. 

12  13 

9 

10 

1854 

42 

40 

30 

32  34 

26  10s.  28 

24 

26 

17 

19 

14 

11 

1855 

38 

42 

25 

28  30 

26 

26 

23 

24 

17 

19 

15 

11 

12 

1856 

38 

24 

26  27 

25  26 

24 

25 

26 

16 

18 

11  10s.  12  13 

9 

10  10s. 

1857 

38 

39 

25 

27  28 

25  26 

24 

25 

26 

17  10s. 

18  10s.  19  10s. 

11  10s.  12 

10  10s. 

12 

1858 

37 

38 

26 

10s.  28 

27  10s. 

26 

25 

24 

18 

19 

11  10s.  12 

9 

10  10s. 

1859 

37 

38 

27 

10s.  29  10s. 

27  10s. 

23 

10s.  24 

25 

18 

20 

11  10s.  13 

10 

11  10s. 

1860 

37 

38  10s. 

29 

10s.  31 

29 

23 

10s. 

25 

19 

21 

13  13  10s. 

11 

11  10s. 

1861 

38 

40 

30 

27 

27 

24 

22 

21 

18 

13  12 

11 

10 

New  Pieces  consist  of  clippings  of  new  material,  as  collars,  shirts,  &c.,  and  with  these,  in  value,  may  be  classed  the  ends  of  cotton  pieces.  Canvas  from  the  royal  and 

commercial  navies  also  meets  with  a  ready  sale  for  paper-making  purposes. 

Fines  consist  of  such  goods  as  clean  white  linen  or  cotton  shirts,  &c.  Seconds,  of  dirty  or  soiled  white  garments,  as  linings  of  ladies’  dresses.  Thirds,  of  corduroys 

and  similar  articles.  Colours,  of  printed  cotton  pieces. 
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SCARCITY. 

It  is  evident  that  if  the  demand  has  increased  four-fold  during 
any  given  time,  and  the  market  price  of  the  raw  material  has 
remained  stationary  within  moderate  limits,  as  we  have  shown  to 
have  been  the  case,  this  result  can  only  have  occurred  from  the 
supply  keeping  pace  with  this  demand. 

But  may  there  not  be  a  scarcity,  and  the  manufacturer  seriously 
inconvenienced  by  depending  upon  the  chance  source  of  refuse 
matters  being  saved  by  a  community  ?  Much  misapprehension  has 
been  caused  by  a  vague  or  general  use  of  this  word  scarcity ;  and 
without  attempting  too  strict  definitions,  it  appears  to  be  capable  of 
three  limitations  in  its  application : — 

1st.  Natural  or  Absolute  Scarcity. — Were  a  maker  to  commence 
the  manufacture  of  paper  in  Australia,  he  would  soon  find  that  the 
small  population,  busily  employed  in  profitable  occupations,  neither 
produced  nor  collected  enough  rags  for  his  mill ;  every  man  would 
be  more  willing  to  buy  and  read  the  newspaper  when  printed, 
than  undertake  to  collect  the  rags  to  make  it  with,  or  even  to  pre¬ 
serve  those  produced  by  his  own  wear.  This  would  be  a  case  of 
positive,  absolute  scarcity,  and  the  maker  would  either  import  rags 
from  other  parts  or  seek  to  obtain  some  new  material  as  a  substi¬ 
tute  for  rags,  not  an  accessory ,  for  he  would  most  probably  obtain 
none  of  the  latter. 

2nd.  Partial,  or  Divisional  Scarcity,  or  deficient  Supply  of  a 
particular  Class  of  Rags. — This  may  be  illustrated  by  reference  to 
the  case  of  the  United  States  of  America,  where  there  is  a  com¬ 
paratively  and  increasingly  large  reading  public.  Rags  are  pro¬ 
duced  in  certain  average  proportions  of  quality,  which  cannot  be 
altered,  nor  can  the  supply  of  any  one  sort  be  arbitrarily  increased; 
but  the  demand  for  one  description  of  paper,  say  printing  paper, 
may  increase  in  greater  ratio  than  the  production  of  the  class  of 
rags  from  which  it  is  generally  made,  and  possibly  greater  also  than 
the  demand  for  writing  paper:  hence  there  will  be  a  comparative 
deficiency  of  one  sort  of  rag,  although  there  may  be  an  ample  sup¬ 
ply  of  superior  rags,  which,  if  used,  could  only  be  used  at  a  loss  to 
the  maker,  or  by  increasing  the  price  for  that  description  of  paper, 
causing  printing  paper  to  approach  the  value  of  writing  paper.  And 
so  far  as  this  scarcity  obtains,  it  tends  to  permanently  enhance  the 
price  of  that  one  sort  of  material. 

3rd.  Temporary ,  Local,  and  Speculative  Scarcity. — Disarrange¬ 
ment  in  another  manufacture  may  interfere  with  the  paper  material 
market;  thus,  some  years  ago  the  strike  at  Preston  stopped  the 
local  supplies  of  cotton  waste,  and  the  manufacturers  who  used  the 
article  had  for  a  time  to  employ  some  other  material,  the  price 
of  which,  to  all,  was  thus  temporarily  raised  by  their  competition 
in  the  market. 

At  this  moment  the  almost  annihilation  of  the  cotton  trade  is 
causing  inconvenience  to  the  paper  trade — the  ends  of  the  pieces  of 
cotton  used  largely  by  some  paper  manufacturers  being  now  either 
totally,  or  nearly  so,  unprocurable,  not  a  tenth  part  of  the  ordinary 
supply  being  at  present  available. 

A  drain  of  one  description  of  rags  maybe  effected  by  commissions 
from  abroad.  Orders  may  be  received  in  any  one  market  for  the 
shipment  to  another  of  certain  sorts  at  given  prices  ;  this  demand 
will  keep  up  the  prices  of  that  description,  while  others  may  decline ; 
and,  for  reasons  previously  stated,  it  would  not  answer  to  use  a 
better  material,  and  by  the  natural  laws  of  manufacture  the  lowest 
possible  quality  for  the  desired  result  is  generally  used ;  therefore  a 
worse  could  not  be  employed. 

Commissions  from  England  frequently  affect  the  foreign  rag  mar¬ 
ket  for  one  or  two  qualities,  the  others  remaining  quiescent.  By 
the  well-known  laws  of  trade  the  increased  demand  for  one  sort  of 
rag  from  the  causes  named,  or  any  other,  raises  the  price  of  the 
whole  of  that  description  much  higher  than  merely  in  the  ratio  of 


such  extra  demand ;  buyers  being  anxious  to  secure  and  engage 
supplies  prospectively  at  the  present  rates  for  fear  of  further  advance, 
and  possessors  holding  back,  thus  conferring  a  speculative  value  on 
the  goods  temporarily  in  request. 

It  has  been,  we  trust,  satisfactorily  shown  that  hitherto  the  supply 
of  material  has  been  adequate  to  the  demand  without  rendering  it 
necessary  to  increase  the  price  of  paper  to  the  general  public ;  in 
fact,  it  may  be  stated  broadly,  that  at  no  period  was  paper  of  any 
given  description  so  cheap  or  low  in  price  as  at  the  present 
moment. 

It  was  asserted  by  all  manufacturers,  or  nearly  so,  that  on  the 
repeal  of  the  duty,  -  so  great  would  be  the  demand  for  paper  that 
the  production  of  rags  would  not  be  adequate  to  meet  the  new 
state  of  matters.  Such  prophecies  have  not  been  fulfilled,  for  on 
the  average  paper  rags  are  lower  in  price  than  they  have  been  for 
years.  One  seriously  influencing  cause  of  this  condition  of  the 
market  must  in  fairness  not  be  overlooked — the  disruption  of  the 
United  States.  The  paper  makers  in  the  United  States  not  only 
consume  all  the  rags  collected  at  home,  but  in  ordinary  times  com¬ 
pete  with  England  in  the  European  markets — the  American  vessels 
conveying  to  Europe  cotton,  sugar,  tobacco,  convey  back  to  the 
States’  rags  at  an  almost  nominal  rate  of  freight.  Owing  to  the 
war  now  taking  place  between  the  two  sections  of  Americans,  the 
North  is  not  manufacturing,  and  the  South  is  not  purchasing  paper, 
from  its  former  fellow-citizens  to  anything  like  the  extent  they  did 
a  year  or  so  ago.  The  result  has  been  that  the  Hamburg  mar¬ 
ket,  and  more  especially  the  Mediterranean  market,  whence  they 
derived  large  supplies  yearly,  have  suddenly  had  the  outlet  for  a 
large  portion  of  their  paper  material  closed,  and  the  bulk  of  rags 
hitherto  shipped  to  the  United  States  have  found  their  way  to 
England. 

As  it  is  not  to  be  hoped  that  this  unhappy  war  will  long  con¬ 
tinue,  and  the  Americans  may  again  compete  with  the  British  in 
the  rag  markets  of  the  world,  it  behoves  us  to  consider  whether 
the  continually  increasing  consumption  of  paper  since  the  repeal  of 
the  duty,  will  be  supported  by  proportionately  increased  supply  of 
material,  without  enhancing  the  price. 

SOURCES  OF  SUPPLY. 

England  produces  rags  in  large  quantities  annually,  the  staple 
materials  being,  for  the  finer  papers,  all  linen  and  cotton  garments, 
and  the  refuse  of  the  flax  and  cotton  manufactories,  particles  un¬ 
suitable  for  spinning  and  weaving  ;  and  for  the  coarser  descriptions 
of  paper,  old  rope,  bagging,  and  similar  articles ;  and  as  our  popu¬ 
lation  and  commerce  increase,  we  may  expect  that  the  home  supply 
will  proportionately  improve. 

France  until  recently,  and  at  present  Belgium  and  Spain, 
either  absolutely,  or  by  a  heavy  export  duty,  virtually  prohibit  the 
exportation  of  rags,  and  the  paper-makers  in  these  countries  lnve 
thus  a  monopoly  of  the  rags  produced  therein ;  and  should  their 
home  supply  be  insufficient,  and  the  foreign  markets  be  lower,  the 
importation  of  a  small  quantity  restores  the  balance  of  supply  and 
demand.  The  tendency,  therefore,  in  the  countries  named  is  to  a 
low  and  uniform  price. 

Rags  are  continually  being  offered  by  French  collectors  at  not 
immoderate  prices,  showing  that  a  not  very  large  difference  in 
price  between  England  and  France  would  cause  an  export  of 
material  from  the  latter  to  the  former  country. 

Large  supplies  are  also  drawn  from  North  and  Central  Germany, 
also  from  the  South  of  Germany  and  Hungary,  via  Trieste,  and 
from  Italy,  principally  Ancona,  through  Leghorn,  large  quantities 
are  introduced.  Many  of  these  being  of  fine  linen  and  hemp  fabric 
are  used  in  imparting  strength  to  paper,  when  mixed  with  English 
rags,  of  which  the  preponderating  supply  is  cotton.  Russia,  also, 
exports  large  quantities  of  strong  rags  of  middling  quality. 
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Thus  far  as  to  our  present,  recognized  modes  for  sources  of  sup¬ 
ply.  The  next  serious  question  is  whether  the  supply  of  these  same 
materials  can  be  increased  to  meet  any  further  pressure  of  demand? 
We  think  so.  By  enlarging  the  sphere  or  range  of  collection,  and 
by  more  efficiently  gleaning  the  present  field. 

The  knowledge  that  a  market  exists  in  England  for  the  waste 
articles  of  dress  has  led  to  the  importation  of  several  parcels  of 
rags  from  Australia,  where  the  population,  taken  as  a  whole,  is 
somewhat  extravagant  in  the  use  of  apparel,  and  where  it  seems 
more  easy  and  advisable  to  purchase  new  than  repair  the  old. 
The  disadvantage  under  which  Australian  imports  labour  is  the 
careless  mode  in  which  they  are  sent  over,  no  pains  being  taken 
with  the  assorting ;  articles  very  diverse  in  value  being  packed 
together,  to  the  great  depreciation  of  the  average  price. 

Our  intercourse  with  Japan  has  already  led  to  the  shipment  of 
some  1500  tons  of  rags  from  that  interesting  empire,  and  amongst 
the  waifs  and  strays  of  the  Japan  rag-bag  are  found  some  curious 
illustrations  of  the  humour  and  domestic  life  of  the  people. 

India  has  an  enormous  population,  producing  vast  quantities  of 
cotton  garments,  which,  although  somewhat  overworn,  arc  still  of 
great  value  as  an  item  in  the  supply ;  and  could  the  suggestion 
made  by  Dr.  Forbes  Watson  be  carried  out,  of  employing  the 
80,000  prisoners  in  India  in  cleansing,  packing,  and  otherwise  pre¬ 
paring  paper-making  material,  the  supplies  to  the  manufacture 
derivable  from  its  100,000,000  inhabitants  would  be  highly  impor¬ 
tant  ;  and  as  their  condition  promises  to  improve  daily,  the  quality 
of  the  refuse  material  will  improve. 

BETTER  COLLECTION. 

Within  the  memory  of  the  present  generation  the  rate  of  wages 
of  female  house-servants  has  risen  considerably,  while  during  the 
same  interval  the  purchasing  power  of  such  wages  has  greatly 
increased  ;  it  follows  that  there  is  yearly  less  inducement  for  the 
servant  maid  to  save  the  cast-off  garments  which  were  formerly 
valuable  perquisites.  Hence  the  introduction  of  an  organized  system 
of  collection,  such  as  that  of  the  London  Collecting  Brigade,  should 
from  charitable  and  philanthropic  motives  be  encouraged,  and  may 
be  looked  to  as  a  satisfactory  mode  of  increasing  the  supply,  giving 
employment  to  the  poor,  and  causing  many,  who  would  not  be 
induced  by  the  mere  money  value  of  the  articles  preserved,  to  effect 
valuable  savings  of  refuse  which  would  otherwise  be  burnt. 

We  come  now  to  consider  how  far  the  use  of  new  raw  materials 
may  be  relied  upon  or  expected  to  supplement  the  ordinary  worn 
materials,  for  we  have  shown  that  there  is  no  particular  reason,  nor 
is  it  desirable,  that  they  should  substitute  the  old-fashioned  mate¬ 
rials.  Vast  is  the  field,  and  almost  infinite  the  suggestions,  extend¬ 
ing  through  such  a  series  as  the  following  partial  enumeration 
indicates: — Beetroot,  sea-weed,  cow-dung,  pine  cones,  sugar-cane 
refuse,  peat,  sugar  bags,  palm  and  aloe  leaves,  grasses  of  various 
kinds,  particularly  couch  grass,  thistles,  nettles,  potato  haulm,  even 
fish  fibre,  shark  and  dog  fish  have  been  specially  selected  for  com¬ 
mendation  ;  though  what  arrangement  the  parties  proposed  with  a 
view  to  secure  the  material  in  sufficiently  large  quantities  does  not 
appear.  In  fact  almost  every  substance  that  can  be  named  has  been 
the  subject  of,  or  included  in,  some  patent.  Of  this  legion  we 
propose  to  notice  only  such  as  have  been  practically  carried  out 
beyond  the  limits  of  mere  experiment,  and  principally  those  which 
are  illustrated  in  the  present  Exhibition. 

The  first  and  most  deserving  attention  is  the  preparation  of 
paper  from  straw,  chiefly  wheat  straw — 

STRAW.  —The  idea  of  making  paper  from  straw  is  at  least  half  a 
century  old;  and  so  far  back  as  1800  a  book  was  printed  on  paper 
made  from  straw  by  Mr.  Matthias  Koops,  who  carried  on  his  opera¬ 
tions  at  the  Neckinger  Mills,  Bermondsey,  London.  The  color  was 
not  attempted  to  be  discharged,  but  the  great  object  of  the  experi¬ 


menter  and  inventor  seems  to  have  been  to  show  that  the  material 
could  be  pulped  and  worked  up  into  a  decent  sheet  of  paper,  in 
the  accomplishment  of  which  he  certainly  succeeded.  From  the 
period  named,  numerous  attempts  at  various  times  have  been  made 
to  perfect  the  manufacture;  but  it  was  not  until  the  year  1852,  by 
the  energy  of  Messrs.  Hook  and  Simpson  of  Maidstone,  working 
under  the  patent  of  Messrs.  Coupier  and  Mellier,  that  the  manu¬ 
facture  of  paper  from  straw  was  fairly  started  in  this  country. 

The  process  consists  in  blowing  a  strong  solution  of  caustic  soda 
at  a  high  temperature  through  a  receptacle  or  kier  full  of  chopped 
straw,  from  which,  by  a  winnowing  machine,  the  knots  have  been 
separated.  By  repeating  this  operation  two  hundred  times,  or  even 
more,  the  alkaline  solution  is  found  to  combine  with  and  abstract 
the  silica  and  resinous  matter  of  the  straw,  and  render  it  susceptible 
of  being  bleached  by  chlorine.  The  material  requires  very  little 
grinding  power  to  convert  it  into  pulp  ;  while  to  give  tenacity  to 
the  paper  a  portion  of  rag-paper  shavings  is  generally  added.  Straw 
possesses  one  advantage  in  common  with  rags,  that  it  is  not  produced 
for  its  own  sake,  but  is  a  necessary  bye-product  in  agricultural 
operations,  it  is  also  comparatively  plentiful  and  widely  distributed. 
It  is  therefore  satisfactory  to  find  that  the  manufacture  is  making 
slow  but  safe  progress.  At  least  100  tons  of  writing  and  printing 
paper,  requiring  the  consumption  of  nearly  300  tons  of  straw,  are 
now  made  weekly  in  this  country,  in  which  estimate  is  not  included 
the  admixture  of  unprepared  straw  with  other  materials  in  the 
manufacture  of  common  packing  paper,  as  is  frequently  and  largely 
done  in  Ireland. 

Straw  paper  in  the  web,  and  made  up  into  various  useful  forms, 
is  exhibited  by  two  English  firms;  and  comparing  1851  with  1862, 
a  well-defined  and  marked  step  of  advance  has  been  firmly  taken 
in  this  particular  manufacture — one  or  two  of  the  cheaper  London 
newspapers  being  now  regularly  printed  on  straw  paper,  a  fact 
which  would  not  have  been  possible  in  1851. 

MAIZE. — One  peculiarity  connected  with  the  International  Exhi¬ 
bition  is  the  fact  of  the  catalogue  of  the  Austrian  collection  being 
printed  on  paper  made  from  the  maize  plant.  As  in  the  southern 
kingdoms  of  Austria  the  maize  or  Indian  corn  plant  is  extensively 
cultivated,  the  source  of  supply  might  probably  be  found  of  con¬ 
siderable  value,  should  ordinary  rag  materials  rise  much  in  price. 
At  present  it  is  admitted  by  the  Austrian  authorities  themselves, 
that  the  maize  fibre  is  dearer  than  rag  material ;  and  they  seem  to 
look  rather  to  its  primary  use  for  spinning  and  weaving,  and 
making  paper  of  the  refuse  from  those  textile  manufactures,  than 
regard  its  adoption  as  a  paper  material  in  the  first  instance. 

HOPBINE.  —  Specimens  of  this  manufacture  from  the  hopbine 
are  exhibited  in  the  English  department,  showing  the  suitability  of 
this  unpromising  material  for  strong  stout  boards. 

SPARTO  OR  SPANISH  GRASS  ( Lygeum  Spartum). — Very  good 
specimens  of  paper,  made  from  what  is  termed  Spanish  grass, 
are  shown  in  the  English  department ;  and  as  this  material  can  be 
procured  to  any  required  extent  in  Spain  and  Algiers,  and  can  be 
delivered  in  England  at  a  low  price,  no  lack  of  supply  need  be 
apprehended. 

The  preceding  may  all  be  considered  as  practically  new  since 
the  Exhibition  of  1851. 

One  or  two  other  productions,  as  being  inventions  or  improve¬ 
ments  since  the  Exhibition  of  1851,  deserve  a  short  notice  in  this 
necessarily  brief  review  of  the  present  condition  of  the  paper  manu¬ 
facture  : — 

PARCHMENT  PAPER. — The  process  followed  by  Mr.  Gaine  is  to 
mix  two  parts  by  measure  of  sulphuric  acid  (sp.  gr.  1‘845)  with 
one  part  of  water,  and  in  such  mixture  when  cold,  to  immerse  the 
paper  to  be  toughened,  taking  care  to  remove  it  quickly  from  the 
acid  into  water,  to  wash  off  the  acid  as  perfectly  as  may  be, 
after  its  action  on  the  paper  fibre.  The  treatment  produces  great 


no 
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toughness  in  the  paper,  and  gives  it  the  appearance  and  character 
of  parchment.  The  objection,  irrespective  of  the  expense  of  the 
several  operations  in  this  peculiar  manufacture,  would  seem  to 
be  tire  difficulty  of  determining  when  the  free  acid  has  been  so 
completely  removed  as  to  prevent  the  possibility  of  slow  action  on 
the  fibres  of  the  paper,  which  might  be  seriously  injurious.  It  is 
recommended  to  finish  the  process  by  washing  in  dilute  ammonia. 
Nevertheless,  it  is  extremely  interesting,  as  showing  the  extra¬ 
ordinary  and  rapid  effect  of  a  chemical  action,  the  precise  nature 
of  which  does  not  seem  well  understood. 

Barry’s  parchment  paper  is  another  invention  of  this  group,  and 
is  remarkable  for  two  reasons — the  first  is  tire  fact  of  its  being 
composed  entirely  of  animal  matter,  and  also  as  having  been  the 
battle-ground  of  an  argument,  What  is  paper  ?  The  Government 
contended  that  the  material  being  ground  up,  made  on  a  machine, 
and  proposed  to  be  used  for  some  of  the  purposes  to  which  paper 
is  generally  applied,  the  manufacturer  was  liable  to  duty  as  a  maker 
of  paper ;  and  the  maker,  on  the  other  hand,  as  stoutly  main¬ 
tained  that,  not  containing  any  vegetable  fibre,  it  could  not  be 
termed  paper,  and  was  therefore  not  liable  to  duty. 

A  slight  investigation  will  lead  us  to  hesitate  at  any  arbitrary 
definition  of  “  paper.”  The  first  sheet  the  reader  may  handle  will 
probably  be  a  compound  from  the  three  so-called  kingdoms,  animal, 
vegetable,  mineral.  The  following  table  of  paper  elements  may 
illustrate  this  point : — 


VEGETABLE. 

Rag  materials,  straw, 
rice,  paper,  bamboo 
and  similar  barks 
or  fibres. 


ANIMAL. 

Ordinary  writing  paper 
made  in  England 
contains  about  10 
per  cent,  of  gelatine 
imparted  in  the  siz¬ 
ing.  Cartouche  pa¬ 
per  (a  continental 
article)  is  all  animal 
matter.  Wool  for 
filtering  paper ;  silk. 


MINERAL. 

Ultramarine,  smalt, 
alumina,  potash, 
in  the  alum  used 
to  harden  and  pre¬ 
serve  the  size ;  iron 
clays,  as  in  brown 
papers ;  mineral  co¬ 
louring  matters,  as 
in  some  of  the  tinted 
papers ;  China  clay 
in  many  printing 
papers. 


Hence  a  sheet  of  good  white  blotting  would  probably  be  purely 
vegetable  matter,  while  a  sheet  of  good  English  writing  or  account- 
book  paper  would  contain  ten  per  cent,  of  animal  matter,  and  a 
varying  per  centage  of  alumina  and  smalt,  or  ultramarine,  to  give 
the  familiar  blue  tint. 

Perhaps  the  following  would  approximate  to  a  definition  of 
modern  paper : — “  A  substance  made  of  disintegrated  particles, 
diffused  through  water  and  subsequently  felted  together  by  the 
extraction  or  withdrawal  of  the  water,  capable  of  being  easily 
written  and  printed  upon.”  One  peculiarity  characteristic  of  the 
tough  papers  termed  parchment  papers,  whether  arrived  at  in  one 
of  the  ways  mentioned  or  by  the  treatment  of  pure  vegetable  fibre, 
flax  and  hemp,  without  chemicals  during  the  preparation  of  the 
pulp,  as  in  the  case  of  the  parchment  paper  exhibited  by  Mr.  T.  H. 
Saunders,  is  the  great  difference  which  exists  between  the  dimen¬ 
sions  of  the  paper  when  dry  and  when  wet,  the  expansion  when 
wet  being  at  least  one-tenth  of  the  length  ;  and  herein  may  be  the 
cause  of  the  toughness  in  Gaine’s  paper,  the  acid  causing  the  fibres 
to  contract. 

BITUMINIZED  PIPES  FOR  WATER,  GAS,  AND  DRAIN  PIPES. 

—  This  use  of  paper  in  this  new  combination  may  properly 
be  mentioned  here.  The  reel  of  paper,  generally  thin,  strong, 
brown  paper,  is  conducted  through  bitumen  and  rolled  tightly 
round  a  core  to  any  desired  thickness,  the  result  being  a  solid, 


compact,  light,  hard  pipe  ;  the  length  of  the  pipes  being  regulated 
by  the  width  of  the  paper  employed.  Durability,  lightness,  and 
cheapness  are  claimed  for  these  paper  tubes. 

It  will  be  evident  to  the  reader  that  we  have  not  regarded  as 
coming  within  the  scope  of  our  remarks  the  various  displays  of 
paper  made  by  the  exhibiters  of  all  countries  ;  nor  of  the  chemicals, 
which  are  as  truly  essential  in  the  preparation  of  a  sheet  of  paper 
as  the  rag  or  straw  which  is  the  basis ;  in  fact  in  the  case  of  straw 
paper  the  chemicals  employed  are  the  chief  element  of  expense 
— the  sauce  costs  more  than  the  pudding.  These  substances,  as 
ultramarine,  smalt,  chlorine,  alum,  and  their  uses,  will  doubtless 
find  suitable  notice  in  other  articles  of  this  series. 

Our  object  has  been  rather  to  discuss  the  general  subject  of. 
paper  materials,  and  to  give  prominence  to  such  particular  matters 
as  exhibit  or  indicate  advances  in  the  manufacture,  by  the  use  of 
new  materials,  or  new  combination  of  old  materials. 

Every  projector  or  importer  should  investigate  and  be  prepared 
to  answer  to  himself,  candidly  and  satisfactorily,  certain  leading 
questions,  before  the  introduction  of  a  new  material  can  assume  a 
hopeful  commercial  aspect.  These  are, — 1st.  The  cost  or  value  in 
its  native  state  or  locality;  2nd.  Its  abundance  or  scarcity;  3rd. 
Cost  of  carriage  ;  4th.  Percentage  of  loss  sustained  in  being  con¬ 
verted  into  paper ;  5th.  The  chemicals  and  machinery  necessary  to 
make  the  fibre  into  paper ;  6th.  The  quality  of  the  paper  produced. 

Before  concluding  our  notice  we  may  point  out  that  specimens  of 
curious  manufactures  of  paper  or  its  substitutes  may  be  found  in  the 
East  India,  China,  and  Japan  courts  of  the  Exhibition. 

RICE  PAPER. — The  best  is  obtained  from  Formosa;  the  precise 
plant,  however,  does  not  appear  to  be  quite  settled  amongst  botanists. 
The  pith  is  the  part  used,  and  as  it  is  abundant,  and  delicately  white, 
and  of  a  fine  velvety  texture,  it  is  well  adapted  for  the  making  arti¬ 
ficial  flowers,  and  also  for  painting  upon,  the  latter  being  a  purpose 
to  which  the  Chinese  apply  it  largely.  It  is  stated  that  in  one 
city,  Foo-chou-foo,  not  less  than  30,000  dollars  worth  of  rice  paper 
are  consumed  annually.  The  outer  parts — the  bark  and  wood, 
resembling  the  elder  plant — being  taken  off,  the  pith  is  carefully 
cut  as  thin  as  desired,  and  flattened  out.  This  substance  is  com¬ 
monly  known  as  rice  paper ;  but  rice  has  nothing  whatever  to  do 
with  it,  and  it  probably  more  resembles  the  papyrus  than  any  other 
modern  application  of  vegetable  substance. 

India  shows,  among  other  specimens,  Nepaul  paper  made  of  the 
Daphne  cannabina,  of  the  family  of  the  lacebark  tree;  also  from 
bamboo,  while  from  a  species  of  mulberry  the  Chinese  and  Japanese 
send  a  curious  variety  of  papers.  Oliphant  in  Elgin’s  “  China  and 
Japan,”  says  of  the  latter  singular  nation,  with  whom  we  are  now 
assuming  intimate  relations  : — 

“We  found  no  less  interest  in  examining  the  various  uses  to 
which  the  Japanese  apply  that  most  essential  item  in  their  wants — 
paper.  It  constituted  the  walls  of  our  rooms,  and  the  fans  that  were 
in  universal  vogue  ;  it  was  the  wrapping  in  everjr  purchase,  and  fur¬ 
nished  the  string  with  which  it  was  afterwards  tied.  In  square 
pieces,  it  was  used  as  pocket  handkerchiefs;  and  pressed  together  and 
lacquered,  it  was  worn  as  hats :  it  was  of  every  consistency,  thick 
and  coarse  and  full  of  impurities,  or  thinner  and  more  transparent 
than  the  finest  tissue  paper,  but  always  wonderfully  tough.” 

Taking  which  extract  and  the  Japan  catalogue  in  our  hands,  we 
investigated  the  curious  collection,  and  with  the  glorious  “  Hallelujah  ” 
and  the  thrilling  “  God  save  the  Queen  ”  still  reverberating  through 
the  mind,  we  retired  from  the  Exhibition  on  that  bright  May-day, 
1862,  asking  ourselves  Shakspeare’s  question — 

“ Hast  thou  fed  upon  paper?” 
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3.— NEW  ANIMAL  OR  VEGETABLE  PRODUCTS. 

By  P.  L.  Simmonds,  Esq.,  F.S.S.,  F.R.G.S., 

Deputy  Superintendent  for  the  Colonies,  &c.,  International  Exhibition. 


OF  the  most  singular  and 
attractive  of  the  few  novel 
applications  of  animal  sub¬ 
stances  exhibited,  is  a  case 
in  the  Brazilian  Court. 
This  is  a  landscape  scene 
with  flowers,  &c.,  formed 
entirely  of  the  wings  and 
wing  covers  of  various 
moths  and  beetles.  The 
brilliancy  and  variety  of  the 
colour -marking  of  these 
tropical  insects  thus  used 
have  a  very  pretty  effect. 
The  insects  from  which  they  are  derived  are  for  the  most 
part  shown  in  their  natural  state.  The  whole  arrange¬ 
ment  is  exceedingly  artistic ;  and  a  humming-bird  in  its 
nest  is  seen  in  one  of  the  flowers  formed  of  insects’  wings. 

FISH-SCALE  ORNAMENTS. — Another  ornamental  ap- 
plication  shown  here  is  a  group  designed  with  the 
scales  of  fishes,  of  which  there  are  many  that  might 
be  made  available.  Fish-scale  ornaments,  brooches, 
bracelets,  and  head-wreaths  have  come  into  use  in  this  country, 
and  besides  their  novelty  are  exceedingly  durable.  The  Brazilian 
ladies  have  long  been  celebrated  for  their  skill  in  making  feather 
flowers;  and  the  gorgeous  brilliancy  of  natural  colour  of  the  plumage 
of  the  birds  of  South  America,  furnishes  material  which  obviates  the 
necessity  of  dyeing  the  feathers. 

FEATHERS.— There  are  in  various  parts  of  the  building  numerous 
examples  of  the  uses  of  feathers.  The  British  and  French  plumas- 
siers  have  elegant  cases  filled  with  ostrich  plumes.  The  paddy  and 
kingfisher  feathers  of  the  East  are  shown  in  Siam.  The  Australian 
colonies  exhibit  the  emu  and  the  grebe  and  other  feathers  adapted  for 
ladies’  wreaths ;  whilst  in  British  Guiana  there  are  plumes  and  bird 
skinswhich  will  afford  new  fields  of  industry  for  those  who  supply  the 
plumes  for  ladies  and  children’s  hats.  Natal  and  Algeria  and  other 
parts  of  Western  Africa  send  ostrich  feathers. 

EMU  EGGS. — Passing  from  feathers  we  may  here  advert  to  the 
ornamental  setting  of  the  dark  egg  of  the  emu,  of  which  there  are 
several  examples  in  the  jewellery  case  of  the  South  Australian  court. 

IVORY. — Two  magnificent  African  tusks  are  shown  by  Admiral 
Keppel,near  the  staircase  in  the  southern  courts,  from  Western  Africa. 
Smaller  tusks  are  exhibited  by  Liberia  and  Natal,  and  the  French 
African  colonies.  Ivory  carvings  are  very  abundant,  but  one  of  the 
most  remarkable  is  a  magnificent  vase  carved  specially  in  China  for 
the  Exhibition,  shown  by  Messrs.  W.  Hewitt  &  Company.  Some  cir¬ 
cular  ball  carvings  and  chessmen  sent  by  the  Hong  Kong  Committee 
are  also  worthy  of  notice.  Hippopotamus’  teeth  are  also  shown,  which 
are  so  much  prized  by  dentists  for  their  extreme  hardness ;  and  large 
boars’  tusks. 

HORN. — Of  horns  of  antelopes,  oxen,  and  other  animals,  there 
is  a  fine  collection  in  the  Natal  Court,  and  there  are  some  very 
large  rhinoceros’  horns,  both  of  the  double  and  single  horned 
species.  To  show  the  length,  there  is  a  rhinoceros’  horn  walk¬ 
ing-stick  exhibited,  about  3  feet  4  inches  long,  and  three  of 
these  sticks  and  a  dozen  riding-whips  were  obtained  from  the  same 
horn.  Two  very'  beautiful  mounted  and  carved  rhinoceros-horn 
cornucopias  from  Siam,  Fig.  120,  are  shown  by  Messrs.  Remi, 
Schmidt,  &  Co.,  in  Japan.  There  is  a  magnificent  pair  of  antlers 
of  the  wapeti  shown  in  the  Vancouver  Island  court. 


HAIR. — The  ornamental  working  in  human  hair  is  carried  in  many 
instances  to  great  perfection ;  and  instances  may  be  remembered 
shown  at  the  Exhibition  of  1851.  A  Danish  lady,  Miss  FI.  Lange 
of  Altona  (No.  185),  in  the  Denmark  court,  exhibits  a  rather  pret¬ 
tily  executed  device  in  hair.  It  consists  of  a  monumental  column 


Fig.  120. 


Carved  Rhinoceros’  Horn  from  Siam. 


overshadowed  by  a  weeping  willow,  with  a  rosebush  adjoining,  in 
memory  of  his  late  Royal  Highness  the  Prince  Consort.  The  rose¬ 
bush  is  symbolical  of  the  royal  family.  A  large  rose,  beneath  an 
ivory  tablet  bearing  a  crown,  symbolizes  her  Majesty  the  Queen  ; 
a  white  rose,  with  the  stem  broken,  the  Prince  Consort.  Other 
flowers  and  rosebuds  symbolize  the  royal  children.  The  name, 
crown,  flowers,  leaves,  stem,  and  earth,  are  all  of  hair.  The  lady 
prices  her  work  at  £60. 

There  is  another  very  different  application  of  human  hair  which 
is  shown  in  the  Japanese  collection,  in  a  cable  or  rope,  which  is 
considered  stronger  and  more  indestructible  than  cordage  of  any 
other  material,  and  it  is  expensive  in  proportion. 

TORTOISE  SHELL. — Tortoise  shell  is  shown  in  the  rough  state 
from  India,  Africa,  and  many  of  the  West  India  islands,  and  beauti¬ 
ful  specimens  of  its  manufacture  from  China  and  Japan. 

SPONGE. — Sponge  is  shown  in  great  variety,  especially  the 
common  kinds,  from  Bahamas.  A  similar  sort  is  shown  from  Natal, 
a  new  source.  Messrs.  Canton  &  Company  (No.  972,  British  side) 
show  Turkey  sponge.  Mr.  Simmonds  (1126)  exhibits  Turkey 
sponge  on  the  rock  from  Rhodes.  In  the  Turkish  collection,  and 
in  other  quarters,  fine  sponges  are  also  shown. 

SHELLS. — The  trade  in  shells  has  been  largely  increased  of  late 
years,  not  only  of  the  nacreous  class  for  pearl  button-making  and  other 
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purposes,  but  the  Haliotidae  and  other  iridescent  shells  for  inlaying 
work.  Shell  cameos  have  also,  for  many  years,  been  in  increasing 
demand,  and  the  various  kinds  of  Cassis  are  therefore  more  in 
request.  The  cases  of  cameos  and  onyx,  by  Volieri  &  Saulini,  in 
the  Sculpture  court,  will  show  the  perfection  to  which  cameo 
cutting  is  carried.  The  cases  of  Jacobs  &  Samuel,  in  the  eastern 
annexd,  illustrate  the  more  extended  and  general  application  of 
shells,  for  imitation  flowers,  personal  decoration,  and  ornamental  and 
useful  purposes.  Specimens  exhibited  in  the  Bahamas  and  Bar- 
badoes  courts,  and  in  Brazil,  also  exemplify  the  ornamental  uses. 

FURS. — From  Nova  Scotia,  Newfoundland,  and  New  Brunswick 
there  are  some  fine  furs  sent.  The  collection  from  the  former  colony 
is  especially  rich,  hut  for  want  of  funds  scarcely  any  are  sent  from 
Canada ;  and  the  Hudson’s  Bay  Company,  from  the  limited  space 
afforded  them,  declined  to  exhibit. 

Tasmania  sends  a  fine  collection  of  prepared  furs  and  rugs,  &c. 
Some  of  these,  from  their  novelty,  beauty,  and  cheapness,  when  the 
competition  from  the  gold-diggers  has  passed  over,  are  likely  to 
form  important  articles  of  importation.  The  rugs  of  wild-cat  skins 
and  the  opossum  muffs  are  especially  attractive,  and  would  soon 
become  fashionable.  There  are  many  skins  from  British  Guiana,  but 
none  possessing  fur  properties.  One,  the  singular  half-feather  half¬ 
hair  coated  skin  of  a  species  of  sloth,  may  be  noticed  from  its 
adaptation  for  saddle  covers,  owing  to  its  peculiar  heat-non-conduct¬ 
ing  property. 

COIR,  or  the  fibrous  covering  of  the  rind  of  the  cocoa-nut,  forms 
now  an  important  article  of  commerce.  It  is  imported  in  vari¬ 
ous  forms  as  fibre,  yarn,  rope,  &c.  The  export  from  Ceylon, 
where  cocoa-nut  plantations  are  extensive,  amounts  in  value  to 
£30,000  a  year.  It  takes  the  husk  of  about  seven  nuts  to  furnish 
one  pound  of  coir.  The  fibrous  rind  when  removed  from  the  nut 
is  steeped  for  some  time  in  water  to  loosen  the  fibre,  and  the  inter¬ 
stitial  substance  is  thus  beaten  out.  Coir  is  much  used  in  the  East 
as  a  stuffing  material  for  mattresses,  couches,  and  saddles,  and  for 
making  mats,  bags,  and  brooms.  In  Europe  it  is  chiefly  used  for 
floor  mattings  and  brushes,  but  fancy  articles,  such  as  hats  and 
bonnets,  have  been  made  of  it. 

PALMS. — The  importance  of  cocoa-nut  palm  (Fig.  121)  in  a  com¬ 
mercial  point  of  view  is  shown  by  the  extensive  collection  of  products 


Fig.  121. 


Fig.  122. 


Cocoa-nut  Palm  (Cocus  nucifera). 


Cabbage  Palm  (Areca  oleracea). 


which  it  yields,  as  displayed  in  the  Ceylon  court.  To  enumerate — Bas¬ 
kets  are  made  of  the  small  roots,  and  the  roots  are  sometimes  chewed  in 
the  place  of  betel  nut.  The  wood,  when  well  polished  and  varnished, 
has  a  lapideous  gloss  and  beauty  which  rival  those  of  an  agate.  The 


Fig.  123. 


reticulated  substance  found  at  the  base  of  the  leaf,  is  employed  for 
straining  the  sweet  juice  which  is  extracted  from  the  flowering 
spatlie.  The  leaves  are  used  for  thatch,  and  baskets  for  catching 
fish  and  shrimps  are  made  of  the  ligneous  ribs  of  the  leaflet.  These 
ribs  are  made  into  brooms,  and  serve  for  tooth-picks.  The  centre 
rib  is  used  as  a  paddle,  and  when  well  bruised  and  converted  into 
a  brush,  is  employed  for  a  variety  of  purposes,  such  as  whitewashing, 
&c.  The  first  sweet  sap  is  called  toddy,  and  is  fermented  into  a 
spirit  or  arrack.  Sometimes  when  prepared  for  making  jaggery  or 
sugar,  the  sap  is  called  meera  (honey  or  sweet  juice).  The  cop- 
perah  or  dried  albuminous  pulp  of  the  nuts  is  exported  to  press  oil 
from,  and  the  refuse  mass  called  poonac  serves  for  manure. 
Cocoa-nut  oil,  vinegar,  arrack,  jaggery,  and  sugar  in  balls  is  shown. 
The  cocoa  nut  is  also  beautifully  carved  as  drinking  cups.  It  is 
likewise  used  for  ladles  and  spoons,  and  calcined,  makes  excellent 
tooth  powder.  The  use  of  the  wood  is  shown  in  the  table  on  which 
the  products  stand,  and  in  the  cabinet.  The  import  of  cocoa-nut  oil 
into  the  United  Kingdom  last  year  amounted  to  13,750  tons.  The 
young  buds  of  the  cabbage  palm  (Areca  oleracea ,  Fig.  122)  also  fur¬ 
nish  an  esteemed  article  of  food. 

FAN  PALM. — The  leaves  of  a  stately  fan  palm  ( Livistonea  Aus¬ 
tralis)  furnish  the  cabbage-tree  hats,  which,  if  not  equally  neat  and 
ornamental  as  the  Panama  hats,  are  as  impervious  to  water,  and 
greatly  in  request  in  all  the  Australian  colonies.  Very  fine  specimens 
are  shown  in  the  New  South  Wales 
courts.  Panama  or  Jijijeba  hats  are 
shown  in  the  Jamaica  court;  and  under 
the  name  of  chidia,  in  the  Brazilian 
court,  leaves  of  Carludovica  rotund/ 'folia 
in  the  rough  and  bleached.  In  the  In¬ 
dia  gallery  we  noticed  water  baskets 
made  of  the  spathe  of  the  Nibong 
palm,  matting  of  the  leaves  of  Boras- 
sus  flabellifo/mis,  bamboo  baskets  and 
bird  cages,  ropes  of  wild  rattan,  of 
which  cane  suspension  bridges  are  made 
in  some  parts  of  India,  owing  to  the 
great  length  to  which  several  species 
of  the  Calamus  grow.  The  strong 
horse-hair  ejoo  fibre  is  shown  from 
Penang  and  Province  Wellesley,  and 
brushes  and  cables  are  made  of  it. 

There  is  a  great  demand  among  brush- 
makers  just  now  for  some  material  to 
take  the  place  of  the  strong  piassaba 
fibre,  so  largely  employed  under  the 
name  of  bass  for  stout  sweeping  brushes,  and  obtained  from  the 
Attalea  funifera  (Fig.  123)  and  Leopoldinia  piassava  palms  of  Brazil. 

LICHENS. — The  applications  of  lichens  to  the  arts  are  daily 
becoming  more  numerous  and  important.  New  dye-lichens  are 
being  discovered  in  India  and  the  East.  Among  specimens  of  the 
latter  recently  sent  home  from  India,  Dr.  Lindsay  has  found  species 
not  hitherto  known  to  be  of  any  practical  use.  Again  recently  the 
probability  has  been  shown,  on  good  grounds,  that  a  lichen — the 
Lecanora  esculenta  of  Pallas — was  the  manna  of  the  Bible.  Lichens, 
it  is  well  known,  afford  a  precarious  support  to  Arctic  travellers. 

DYES. — The  colorific  capability  of  a  lichen,  so  far  as  regards  a  red 
or  purple  dye  of  the  nature  of  orchill  or  cudbear,  may  be  readily  dis¬ 
covered  by  simply  macerating  the  lichen,  chopped  into  small  frag¬ 
ments  or  pulverized,  according  to  the  nature  of  its  thallus,  in  a 
weakish  solution  of  common  hartshorn  (the  quantity  not  much 
covering  the  lichen,  in  a  vial  of  any  sort)  that  is,  the  “  liquor 
ammonia”  of  druggists,  allowing  the  mixture  to  stand  a  few  days 
in  the  warmest  part  of  the  house,  and  shaking  it  frequently,  so  as 
to  expose  the  mass  to  the  action  of  the  air.  Colorific  lichens  of  this 


Piassava  Palm  (Attalea  funifera). 

Base  of  Leaf,  Coquilla  Nut. 
stalks  enlarged. 
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class  belong  chiefly  to  the  genera  Roccclla ,  Umbilicaria,  Parmelia, 
and  Lecanora. 

The  colorific  capability  of  a  lichen,  so  far  as  regards  other  colours, 
chiefly  brown  and  yellow,  may  be  easily  ascertained  by  simply 
boiling  the  lichen,  chopped  or  pulverized  as  before,  in  a  small 
quantity  of  water.  Colorific  lichens  of  this  class  belong  chiefly  to 
the  genera  Parmelia ,  Slicta ,  Cetraria,  &c.  Whether  a  lichen  contains 
mucilage  or  starch,  and  how  much,  may  be  ascertained  by  the  same 
means  as  last  mentioned,  and  allowing  the  mixture  to  cool,  when  it 
will  gelatinize  more  or  less  if  it  contain  much  mucilage.  Cetraria 
Islandica  and  some  of  the  Umbilicarise  are  illustrations.  Contribu¬ 
tions  may  also  be  made  to  our  knowledge  of  the  application  of 
lichens  by  ascertaining  whether  any  and  what  species  are  or  have 
been  used  by  the  natives  to  yield  food,  dyes,  &c.,  noting  all  the 
particulars  of  such  uses.  The  coal  dyes  have  to  some  extent  inter¬ 
fered  with  the  trade  in  lichens,  but  will  never  entirely  supersede 
these  in  many  countries  as  dye  stuffs.  Specimens  from  new 
sources  of  supply  are  shown  from  Natal,  Ceylon,  South  Africa,  and 
India ;  and  there  is  a  good  collection  in  the  British  Eastern  Annexe, 
and  in  some  of  the  Zollverein  courts. 

VEGETABLE  IVORY  AND  COQUILLA.—  In  the  Eastern  Annexe 
there  are  several  very  interesting  cases  showing  the  varied  applica¬ 
tions  of  the  vegetable  ivory  and  coquilla  nuts  (Fig.  123),  especially 
those  of  Mr.  C.  Hastilow  (985)  and  Mr.  B.  Taylor  (1126).  A  case 
shown  by  Mr.  P.  L.  Simmonds  (1137)  also  exhibits  in  a  collected  form 
the  various  ornamental  uses  of  nuts  and  seeds  for  personal  decora¬ 
tion,  &c.  In  it  will  be  found  rosaries,  bracelets,  baskets,  &c.  The 
specimens  of  elaborate  Chinese  carving  on  peach  stones,  the  stones 
of  Canarium  commune,  and  others,  and  the  carved  cocoa-nuts  of  the 
Singhalese  are  curious ;  whilst  the  extensive  employment  of  the  red 
seeds  of  Adenanthera,  Abrus,  and  Erythrina,  as  well  as  of  Coix 
lachryma,  Elceocarpus,  and  the  application  of  the  nuts  of  many  palms, 
and  of  a  great  variety  of  seeds  which  only  require  to  be  more  gene¬ 
rally  known  to  be  utilized,  form  together  a  most  interesting  study. 

VEGETABLE  WAX.— There  are  many  vegetable  waxes  shown, 
especially  the  hard  green  myrtleberry  wax  obtained  from  the  ber¬ 
ries  of  several  species  of  Myrica. 
Samples  are  exhibited  from  Prince 
Edward’s  Island,  Nova  Scotia,  and 
the  Bahamas,  and  it  is  also  common 
in  the  Cape  colony.  The  Carnauba 
wax,  obtained  from  the  leaves  of 
Corypha  cerifera,  is  shown  in  the 
Brazil  court,  with  candles  made 
from  it,  but  these  are  very  brittle. 
The  wax  palm  ( Copernicia  ceri¬ 
fera),  Fig.  124,  yields  from  fis¬ 
sures  in  the  stem  a  kind  of  grey 
waxy  substance,  containing  two- 
thirds  of  resin  and  one-third  of 
wax,  identical  with  that  formed 
by  the  bee.  Melted  with  a  little 
tallow,  this  wax  forms  excellent 
tapers.  The  source  of  the  Borneo 
vegetable  tallow,  another  concrete 
oil  of  a  wax-like  nature,  is  not  yet 
defined.  The  Japan  vegetable  wax 
— a  new  article  of  commerce,  which 
was  imported  a  year  or  two  ago  to 
a  very  large  extent  to  the  value  of  £131,000  in  1859-60 — is  the 
produce  of  the  fruit  of  the  Rhus  succedanea. 

VEGETABLE  OILS. — In  the  Eastern  Annexe  Mr.  Simmonds  (1126, 
Class  IV.)  shows  on  shelves  bottles  from  his  private  museum,  with 
a  large  collection  of  animal  and  vegetable  oils,  many  of  them  rare, 
and  the  nuts  and  seeds,  the  sources  of  most,  scientifically  named. 


Fig.  124. 
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Wax  Palm. 


Fig.  125. 


Palm  Oil  Tree 
(Elaeis  guineensis). 


Among  the  oils  deserving  notice  in  the  Foreign  Courts  are  from 
the  Dutch  colonies,  real  Maccassar  oil — although  the  tree  yielding 
it  is  not  stated ;  oil  from  the  Canarium  commune ;  and  kroug 
balsam,  from  the  Dipterocarpus  stipularis ;  in  appearance  this 
resembles  a  crude,  unsolidified  elastic  gum;  but  we  have  had  no 
opportunity  of  examining  it.  We  received  some  time  since  from 
the  Borneo  Company  a  sample  of  an  article  imported  into  London 
under  the  name  of  kruin  oil,  but  we  could  not  trace  its  origin ;  it 
was  certainly  not  oil. 

From  Western  Africa  samples  of  shea  butter,  obtained  from  the 
fruit  of  Bassia  Park'd,  mote  grease  ( Cara  pa  guineensis),  and 
kundah  oil  ( Carapa  Touloucouna ),  are  sent.  The  former  are 
useful  solid  oils,  having  rather  a  pleasant 
odour;  the  last-named  has  some  medi¬ 
cinal  reputation  as  an  anthelmintic. 

None  of  these  have  yet  come  into  com¬ 
merce  to  any  extent.  There  is  a  bland 
fluid  oil,  labelled  “  melon  seed  oil,”  from 
Abbeokuta,  which,  from  the  seed  sent, 
is  apparently  obtained  from  some  wild 
cucurbit,  probably  that  which  is  known  as 
egusse  oil  in  other  parts  of  Africa.  An¬ 
other  oil  on  which  some  information  is 
desirable  is  a  white  solid  oil,  shown  in 
the  Liberian  Court,  and  labelled  “wild 
vegetable  oil.”  It  has  much  the  appear¬ 
ance  of  the  Bassia  oils,  and,  if  to  be 
obtained  in  quantity,  would  be  as  useful 
as  the  palm  oils.  Mr.  Roberts,  the  ex¬ 
president  of  this  republic  of  free  negroes,  with  whom  we  conversed 
on  the  subject,  states  it  to  be  from  the  fruit  of  a  common  wild  tree, 
but  no  clue  as  to  its  identification  could  be  obtained. 

NUT  OIL. — Incidental  mention  may  here  be  made  of  the  great 
extension  of  the  trade  in  ground  nut  oil  (Arachis  hypogea),  and 
palm  nut  oil,  since  the  last  Exhibition.  In  1850  the  quantity  of 
palm  oil  (Fig.  125)  imported  was  447,797  hundredweights;  in  1860 
it  was  804,327  hundredweights.  Seed  oil,  a  comprehensive  name 
for  the  oil  pressed  from  a  great  number  of  seeds,  but  often  restricted 
to  that  obtained  from  the  Jatroplia  curcas,  is  now  imported  to  the 
extent  of  about  11,000  tons  annually. 

DUGONG  OIL. — An  animal  oil,  which  has  attracted  some  attention 
in  the  medical  world,  from  its  being  calculated  to  replace  cod  liver 
oil  in  many  instances,  is  that  of  the  Dugong  ( Halicore  Dugong ). 
This  oil  has  been  for  some  time  in  use  in  Australia,  having  been 
found  more  palatable  and  less  repulsive  to  the  stomach  than  cod  oil. 
It  is  now  imported  from  Ceylon,  and  is  also  shown  in  quantity  in 
the  New  South  Wales  and  Queensland  courts,  and  we  mention  it 
here  because  specimens  of  soap  made  from  it  are  exhibited.  In 
the  Brazil  courts  there  is  an  oil  shown  from  an  allied  species  of 
Manatus,  called  locally  the  Boi  pexe. 

ORNAMENTAL  WOODS.  —  In  the  Trinidad  and  British  Guiana 
courts,  north  transept,  near  the  east  dome,  there  will  be  .noticed 
some  magnificent  specimens  of  various  ornamental  woods,  especially 
the  letter  wood  ( Brosimum  aubletii),  the  purple  heart  ( Peltogyne 
paniculata),  veneers  of  the  mora,  fine  polished  slabs  of  the  locust 
( Hymenea  Courbaril),  polished  trunks  of  palms,  &c.  The  latter 
wood  is  one  of  the  most  costly  woods  of  Demerara.  It  is  of  a 
beautiful  brown  colour,  with  black  spots,  which  have  been  com¬ 
pared  to  hieroglyphics ;  the  spotted  part  being  only  peculiar  to  the 
heart,  which  is  seldom  more  than  twelve  or  fifteen  inches  in  cir¬ 
cumference.  It  is  very  hard  and  difficult  to  work,  and  is  only 
adapted  for  cabinet  work  of  small  size,  and  for  veneering.  The 
adaptation  of  the  woods  is  shown  in  several  specimens.  There 
is  a  very  beautiful  jewel  cabinet,  belonging  to  Sir  William  H. 
Holmes,  the  commissioner  for  this  colony,  manufactured  by  Mr. 
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Renner  of  Berners  Street,  made  of  forty  or  fifty  of  the  most  orna¬ 
mental  of  the  British  Guiana  woods.  The  inlaid  woods  represent  in 
admirable  perspective  the  interior  of  a  room,  with  open  door  and 
stairs  in  the  distance,  and  the  whole  arrangement  is  artistic  and 
attractive.  The  cost  of  manufacture  alone  was  about  £30  or  £40. 
There  are  several  circular  tables  of  inlaid  woods,  one  with  lozenge¬ 
shaped  woods,  another  with  diverging  rays,  exhibited  by  Mr.  Knox 
of  Georgetown  the  workmanship  of  Mr.  Weston  of  that  city.  The 
centre  of  one  has  small  glass  circles  let  in,  containing  specimens  of 
the  produce  of  the  colony — sugar,  maize,  cotton,  coffee,  oil,  and  gold. 

The  collection  of  Jamaica  ornamental  woods  (numbering  260) 
is  very  extensive  and  very  rich,  and  well  deserves  the  close  study 
of  the  cabinetmaker.  The  most  noticeable  are  the  mountain 
mahoe,  blue  and  green,  1623  ( Parietum  elatum),  yellow  Sanders 
256  ( Bucida  capitata),  red  wood  ( Erythroxylon  areolaturn),  moun¬ 
tain  larch,  bread-nut (Brosimum alicastrum),  and  box- wood (Tecoma 
pentaphylla).  There  are  two  round  tables  exhibited  by  Governor 
Darling, made  by  Messrs.  Turnbull  &Co.  of  Kingston,  of  native  woods, 
one  radiated  and  the  other  with  a  light  wood  or  yucca  centre,  and 
a  border  of  green  mahoe. 

Dominica  sends  a  collection  of  190  woods.  The  number  and 
variety  of  woods  produced  by  so  small  a  country  is  a  point  of  some 
interest.  The  lofty  mountains  of  the  island  indeed  afford  different 
climates,  according  to  the  elevation.  The  deep  ravines  and  shel¬ 
tered  valleys,  the  low-lying  lands  on  the  windward  and  leeward 
exposure  of  the  island,  and  the  high  mountain  sides  and  ridges, 
furnish  different  varieties  of  trees  and  plants. 

The  best  hardwood  trees  are  chiefly  found  on  the  leeward  side  of 
the  island,  where  the  heat  is  greatest,  and  less  rain  falls — such  as 
the  courbaril,  satinwood,  mastic,  bully-tree,  &c.  But  hardwood 
trees  are  found  growing  in  all  parts  of  the  island,  both  near  the 
coast,  high  up  on  the  mountain  sides,  and  in  the  valleys  of  the 
interior.  The  most  valuable  of  the  hardwood  trees  are  probably 
furnished  by  the  natural  order  Sapotacece.  In  this  order  are  the 
bully-tree,  mastic,  varieties  of  “  Bois”  Balate,  &c. 

But  the  timber  most  generally  used  in  the  island  for  all  ordinary 
purposes  is  obtained  from  Lauraceoc,  in  which  order  are  found 
many  different  kinds  of  valuable  timber  trees.  For  the  most  part,  the 
timber  of  this  family  is  easily  worked,  the  trees  are  of  moderate 
size,  and  growing  in  all  parts  of  the  island.  They  are  cut  down, 
and  sawn  into  boards,  &c.,  on  the  spot,  or  split  up  into  shingles  and 
staves.  The  valleys  and  ravines  in  the  interior  of  the  country  are 
covered  with  extensive  forests  of  valuable  timber  trees.  The  diffi¬ 
culty  in  the  way  of  these  forests  being  made  useful  to  the  country 
is  the  want  of  roads  to  open  up  the  interior.  Many  of  the  speci¬ 
mens  shown  are  imperfect,  from  the  wood  being  green  at  the  time 
it  was  worked. 

British  India  does  not  show  its  rough  materials  of  woods,  although 
it  possesses  a  fine  collection  in  its  museum.  The  blackwood  furni¬ 
ture  from  Bombay,  and  the  specimens  of  cabinet  work  from  Ceylon, 
are  very  ornamental. 

New  South  Wales  sends  a  large  collection  of  specimens  of  woods, 
mo6t  of  which  are  illustrated  by  manufactures.  They  are  ranged 
under  two  divisions — 193  being  indigenous  to  the  southern  districts 
of  the  colony,  and  115  to  the  northern  districts.  The  cedar,  tulip, 
Wellington  pine,  &c.,  are  sure  to  attract  attention.  The  library 
door,  with  architraves,  pilasters,  cornice,  and  carved  trusses  shows 
the  beauty  of  the  red  cedar  ( Cedrela  australis).  Cedar  boats  are 
shown  by  New  South  Wales  and  Victoria.  We  would  also  draw 
attention  to  the  chest  of  drawers  of  Wellington  pine  (372),  by 
W.  Tuckey ;  the  writing  and  occasional  tables,  and  other  pieces  of 
cabinet  work  from  colonial  woods  (383),  manufactured  by  Howard 
and  Son ;  the  table-top  of  cypress  pine  (382),  and  the  set  of  drawers, 
with  writing-desk,  oval  table,  and  book-stand,  made  of  yellow 
tulip,  myall,  and  sandal  wood,  exhibited  by  Lady  Cooper. 


Queensland,  the  adjoining  court,  also  shows  a  large  collection  of 
colonial  woods  in  polished  sections  and  portions  of  trunks  of  trees. 
There  are  myall  wood  bracelets  and  a  casket  of  scented  woods,  ex¬ 
hibited  by  Mrs.  Marsh,  and  a  set  of  chessmen  and  table  of  cypress 
pine  and  myall  by  Mr.  Justice  Lutwyche  of  Brisbane.  The  seed 
or  nut  of  the  quandang  ( Fusanus  acuminatus )  corrugated  like  an 
Elacocarpus,  set  and  capped  in  gold,  makes  a  pretty  bracelet,  as  seen 
in  this  court. 

The  Canadian  timber  trophy  is  one  that  cannot  fail  to  strike  the 
attention  of  the  visitor,  running  up  in  several  platform  stages  nearly 
to  the  roof  of  the  north-east  transept.  There  are  no  less  than  five 
different  collections  of  woods  shown  from  this  colony,  numbering 
upwards  of  300  specimens.  These  collections  comprise  74  distinct 
species  and  varieties,  which  are  nearly  all  to  be  met  with,  more  or 
less  abundantly,  over  the  whole  surface  of  Lower  Canada.  There 
is  also  a  full  collection  of  Canadian  market  timber. 

The  Commission  of  Victoria  contributes  a  very  good  collection  of 
the  woods  of  the  colony  in  sections  and  planks,  many  of  which  are 
polished.  These  afford  numerous  illustrations  of  the  usefulness  of 
the  indigenous  materials  for  various  industrial  appliances  for  the 
purposes  of  furniture,  and  for  smaller  articles  of  turning  and  orna¬ 
mental  workmanship.  The  admirable  adaptations  of  blackwood  to 
light  and  heavy  framings  of  every  description,  to  the  naves  and 
rims  of  wheels,  and  to  innumerable  specimens  of  cabinet  work  of 
the  highest  excellence,  answer  to  great  advantage,  and  have  obtained 
universal  commendation.  Numerous  elegant  pieces  of  ornamental 
work  also  display  the  peculiar  beauty  and  figure,  the  closeness  of 
grain,  and  in  some  cases  reveal  the  fragrant  odours  of  the  smaller 
woods,  and  show  how  well  they  are  deserving  of  more  extensive 
notice  than  they  have  hitherto  received. 

The  beautiful  furniture  woods  of  New  Zealand  are  well  displayed 
in  the  various  articles  of  cabinet  work  shown,  made  by  Mr.  Levien, 
and  others. 

Tasmania  has  a  large  timber  trophy,  showing  the  great  length  of 
spars  of  the  colony ;  but  some  of  the  planks  sent  home  are  so  long 
that  no  other  place  could  be  found  for  them  than  the  adjoining  gardens 
of  the  Horticultural  Society.  There  are  planks  of  the  blue  gum  there 
90  and  100  feet  long  ;  and  of  the  stringy  bark,  another  Eucalyptus, 
80  feet  by  2  feet,  by  6  inches  thick. 

New  Brunswick  also  exhibits  a  fine  collection  of  woods  in 
specimens  and  manufactures.  A  maple  door  is  very  beautiful. 
There  is  a  book  with  veneers  of  76  indigenous  woods,  arranged 
according  to  families,  with  the  botanical  and  common  names, 
and  the  average  length  of  the  tree,  and  commercial  statistics, 
by  Alexander  Monro.  Of  the  woods  13  are  used  in  mechanical 
operations,  15  for  medicinal  purposes ;  3  produce  nuts,  and  20  edible 
berries;  30  are  highly  ornamental.  There  is  another  collection  of 
woods  in  small  blocks,  with  the  foliage  attached.  The  export  of 
wood  from  this  province  in  1860  consisted  of  plank  scantling, 
273,396,470  feet,  and  pine  timber,  36,449  tons,  of  the  collective  value 
of  £560,000;  bent  timber,  14,708  tons,  £17,413;  other  forest 
products,  £85,176;  making  a  total  of  £662,589,  exclusive  of 
41,000  tons  of  shipping  sold.  Last  year  the  exports  of  timber  from 
New  Brunswick  consisted  of  16,933  tons  of  hardwood,  41,459  tons 
of  pine  timber,  and  297,518,645  superficial  feet  of  sawn  timber. 

SEA-WEED. — The  useful  applications  of  sea-weed  is  a  subject 
which  has  lately  attracted  a  large  amount  of  attention.  It  was 
recently  brought  before  the  attention  of  the  scientific  world  in  a  paper 
read  before  the  Society  of  Arts  by  Mr.  Stanford.  That  gentleman 
shows  in  the  Eastern  Annexe  a  case  of  the  resulting  products  from 
kelp,  of  which  iodine  is  now  the  chief,  Mr.  Arnold  of  Guernsey,  a 
large  manufacturer,  also  exhibits  a  case  of  sea- weeds  and  their  result¬ 
ing  products,  near  the  staircase  in  the  north  courts  by  the  Horticul¬ 
tural  Gardens  entrance.  But  few  of  the  food  products  of  sea-weed 
are  shown,  except  the  “  agar  agar”  in  the  Indian  gallery,  and  sea- 
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weed  for  jelly  in  the  Western  Australian  Court.  Sea-weed  rods  for 
whips  have  been  sent  from  Bermuda,  rope  made  of  sea-weed  from 
British  Columbia,  and  paper  from  ulva  marina  (so  largely  used  for 
upholstery),  by  a  Belgian  exhibiter  (No.  165).  But  the  most  novel 
and  interesting  application  is  that  of  Mr.  T.  Ghislin,  a  Cape  of  Good 
Hope  exhibiter,  who  shows  what  he  terms  laminate  horn,  made  by 
pressing  and  preparing  some  of  the  gigantic  and  abundant  sea-weeds 
of  the  South  African  seas — Eclclonia  buccinalis,  and  others — into  a 
horn  substitute,  which  does  well  for  knife  and  whip  handles,  picture 
frames,  and  various  other  purposes. 

FIBRES.— The  various  fibres  shown  at  the  Exhibition  from  different 
countries  are  of  a  most  interesting  character,  arid  well  worthy  of 
careful  study  and  experimental  trial.  As  there  are  now  govern¬ 
ment  botanists  in  nearly  all  the  British  colonies,  the  collections 
come  stamped  with  a  higher  authority  from  their  correct  scientific 
nomenclature,  and  the  valuable  remarks  which  accompany  them. 
The  collections  forwarded  from  Jamaica  by  Mr.  N.  Wilson  ;  from 
Trinidad,  by  Mr.  H.  Cruger ;  from  Mauritius,  by  Mr.  J.  Duncan, 
director  of  the  Botanical  Garden ;  from  Mr.  Thwaites,  Government 
botanist,  and  Mr.  W.  Oondatje  of  Ceylon ;  from  Mr.  Hill,  Queens¬ 
land  ;  those  shown  by  Mr.  Ghislin  from  the  Cape  colony ;  the  Brazil 
collection,  that  from  India,  and  others  which  it  would  be  quite 
impossible  to  enumerate,  and  more  impossible  still,  in  a  limited 
space,  to  point  attention  to  in  any  special  or  detailed  manner. 

Connected  with  fibres,  we  may  draw  attention  to  a  bonnet  of 
aloe  fibre  shown  in  the  French  Algerian  collection,  from  Oran. 

Mrs.  Nash  of  Jamaica  exhibits  very  pretty 
artificial  flowers  made  with  the  cuticle 
of  the  Yucca  (Fig.  126).  From  Mar¬ 
tinique  very  pretty  head  wreaths  for  ladies 
are  sent,  made  from  Beaumontia  grandi- 
flora ,  Asclepias  curassiveca,  and  of  hum¬ 
mingbirds,  beetles,  &c.,  while  the  flowering 
sheaths  of  several  palms  are  converted  into 
hats,  caps,  and  bonnets.  In  the  glass  case 
of  Chinese  products  from  Hong  Kong, 
near  the  main  entrance  from  the  Horticul¬ 
tural  Gardens,  are  artificial  flowers  made 
from  the  cellular  tissue  of  JEschynomene 
paludosa  from  Formosa.  The  shola  hats 
so  much  used  in  India  are  made  of  a 
similar  substance,  whilst  the  pith  of 
Aralia  papyrifera,  and  of  our  own  elder 
furnish  a  like  material  utilized  for  various 
purposes — the  former  yielding  rice  paper. 

VEGETABLE  DOWNS. — The  utilization  of  the  wild  silk  cottons,  as 
they  are  popularly  termed,  the  downy  covering  of  the  seeds  of 
various  plants,  such  as  the  Bombax,  Asclepias,  &c.,  is  a  subject 
that  appears  to  be  attracting  attention.  Various  specimens  of  these 
vegetable  downs  are  shown  in  the  West  Indian  Courts,  in  the  French 
Colonial  Court,  in  the  Indian  gallery,  by  Mr.  P.  L.  Simmonds  in  the 
Eastern  Annexe  and  by  others.  This  material  is  to  be  had  in  abun¬ 
dance  in  the  two  Indies,  in  South  America,  and  Africa.  Hitherto  it 
has  been  only  used  for  stuffing  pillows,  &c.  In  the  Jamaica  court  a 
quilt  as  soft  as  eider  down  is  shown,  and  in  the  Indian  gallery  it  will 
be  seen  spun  into  a  coverlet  with  cotton.  It  was  formerly  used  for 
silk  hats  on  the  Continent,  and,  were  it  to  be  had  cheaply,  would  do 
for  paper  material.  To  allude,  even  incidentally,  to  but  one  half  of 
the  interesting  products  shown  under  this  section,  would  be  impos¬ 
sible  within  the  compass  of  an  essay ;  and  the  writer  has  found  it 
scarcely  possible  to  do  justice  to  even  a  tithe  of  these,  in  a  goodly- 
sized  volume  which  is  now  passing  through  the  press,* 

One  of  the  most  conspicuous  and  interesting  objects  in  Class  4,  in 

*  “  The  Utilization  of  Waste  Substances  and  Undeveloped  Products,”  by  P. 
L.  Simmonds.  London :  Robert  Hardwicke. 


Yucca  gloriosa. 


the  Eastern  Annexd,  is  a  model  (1069)  of  the  west  front  of  the  London 
Royal  Exchange,  exhibited  by  Messrs.  Robt.  Fauntleroy  &  Company, 
100  Bunhill  Row,  hardwood  merchants.  It  is  about  8  feet  from 
wing  to  wing,  and  includes  the  whole  of  the  fa9ade,  with  twelve 
round  columns  nearly  3  feet  high  each,  and  3  inches  diameter.  Each 
column  contains  eight  specimens  of  wood.  The  colour  is  so  blended 
as  to  produce  a  most  pleasing  effect,  and  suggests  the  application 
of  fancy  and  coloured  woods  in  a  variety  of  ways  in  the  arts  of 
decoration,  &c.  No  less  than  500  different  specimens  of  woods  are 
employed  in  the  construction  of  this  model. 

MISCELLANEOUS. — An  interesting  collection,  as  exemplifying  the 
result  of  industry  in  utilizing  waste  lands,  is  that  of  M.  Leopold  Javel 
(No.  884)  in  the  Southern  Courts  of  France.  This  exhibiter  owns 
about  3000  hectares  of  the  waste  lands  of  Ares,  in  the  department  of 
the  Gironde.  These  lands  of  Gascoyne,  about  700,000  hectares,  have 
hitherto  been  comparatively  useless.  M.  Javel,  by  the  several  pro¬ 
ducts  of  the  maritime  pine,  wood-tar,  turpentine,  rosin,  charcoal, 
and  agricultural  products  raised  on  them,  shows  how  even  the  most 
barrerr  waste  may  be  turned  to  advantage  to  individuals  and  to  the 
nation. 

THE  AGAVE. — The  Agave  Patent  Hair  Company  of  Newley,  near 
Leeds  (No.  1042),  show  in  the  Eastern  Annexe  the  application  of  the 
fibre  from  the  succulent  leaves  of  the  Agave  Americana  (Fig.  127), 
popularly  known  as  the  American  aloe,  to  the  purposes  for  which  horse 


Fig.  127. 


Tlie  Agave  Plant. 


hair  has  been  hitherto  used  for  stuffing  upholstery.  It  is  dyed,  curled, 
made  to  assume  a  rounded  form,  and  acquires  a  degree  of  strength, 
elasticity,  and  softness  previously  unknown.  The  French,  however, 
have  been  before  us  in  the  introduction  of  “  crin  vegetal,”  which  was 
shown  in  large  quantities  at  the  Paris  Exhibition  in  1855  from  Algiers. 

There  is  a  wood  from  French  Guiana  in  the  French  Colonial 
Court  to  which  we  would  draw  attention  as  yielding  oil ;  and  the 
tree  from  which  this  wood  is  obtained  is  yet  undetermined.  Elastic 
gums  also  call  for  a  short  notice,  and,  did  space  permit,  we  should 
have  been  glad  to  allude  to  the  progress  already  made,  and  to  the 
new  sources  and  materials  available.  Gutta  percha  of  excellent 
quality  is  obtained  in  Cayenne  from  the  sap  of  Sapota  Mulleric,  as 
may  be  seen  by  the  urn  and  basin  made  of  it  in  the  French 
Colonial  collection.  A  similar  useful  gum  is  obtained  in  British 
Guiana.  Africa  is  now  the  source  of  supply  of  some  serviceable 
caoutchouc,  and  from  India  several  new  elastic  gums  have  been 
sent,  but  they  have  not  yet  been  tested  or  reported  upon. 
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4.— MINERAL  STATISTICS. 

By  Robert  Hunt,  F.R.S.,  F.S.S.,  Keeper  of  the  Mining  Records 
at  the  Government  School  of  Mines. 

F  the  tens  of  thousands 
who  flock  to  the  Interna¬ 
tional  Exhibition,  few  can 
give  the  time,  even  had 
they  the  desire,  to  search 
beneath  the  glittering  sur¬ 
face  for  the  actual  value 
of  the  objects  which  they 
admire.  It  has  been  said, 
no  doubt  somewhat  loosely, 
that  the  present  gathering 
represents  a  value  in  the 
productions  of  nature,  with 
the  cost  of  labour  added, 
which  is  above  £3,000,000 
sterling.  A  careful  con¬ 
sideration  of  the  question 
induces  the  belief  that  the 
industrial  portion  alone, 
exclusive  of  all  that  relates  to  Fine  Art,  considerably  exceeds  this 
sum  in  value. 

Our  statistical  inquiry  does  not,  however,  at  present  lead  us  into 
so  wide  a  field  as  this.  The  present  occasion  is  seized  as  an  oppor¬ 
tune  one  for  examining  into  the  mineral-producing  power  of  those 
countries  which  are  represented  in  our  Exhibition.  To  do  this  with 
all  the  desired  correctness  would  occupy  far  more  time  in  inquiry 
than  can  now  be  given  to  the  subject ;  and  the  space  at  our  dis¬ 
posal  would  prove  quite  insufficient  for  the  proper  treatment  of  it. 

It  is  proposed  to  inquire  into  the  real  value  of  the  mineral  pro¬ 
ductions  of  the  British  isles ;  to  compare  this  with  the  produce  of  our 
colonial  possessions,  and  of  the  mineral-producing  foreign  countries. 

In  Class  1,  which  has  been  placed  by  her  Majesty’s  Commis¬ 
sioners  in  such  a  position  as  to  prove  how  little  they  appreciate  the 
importance  of  the  sources  of  our  commercial  might  and  our  manu¬ 
facturing  power,  we  find  the  text  for  our  essay.  In  many  respects 
the  display  of  our  mineralogical  specimens  is  disappointing.  Many 
important  mining  districts  are  entirely  unrepresented,  and  some 
others  are  but  very  insufficiently  shown ;  still  the  collection  as  it 
stands  is  an  instructive  one,  and  will  prove  to  our  foreign  friends 
that  our  stores  of  mineral  treasures,  notwithstanding  the  enormous 
drain  upon  them,  are  far  from  being  exhausted.  It  may  be  remarked 
that  an  impression  has  gone  abroad,  and  gained  credence  with  some 
on  the  continent,  that  many  of  our  mineral  fields  were  rapidly 
becoming  exhausted,  and  that  iron  ores  in  particular  would  in  a 
little  time  have  to  be  imported.  The  collection  of  which  we  have 
now  to  write  will,  with  the  information  which  is  connected  with  it, 
or  which  can  be  readily  obtained,  dispel  this  false  idea. 

Let  us  commence  our  examination  with  our  Coals.  The  speci¬ 
mens  exhibited  are  not  numerous,  but  they  sufficiently  show  the 
characteristics  of  our  more  important  coal-fields,  and  we  have 
examples  of  nearly  each  variety  of  our  fossil  fuel.  The  returns  of 
the  coal  produce  of  these  islands  for  1861  not  being  completed,  we 
can  only  give  correctly  the  quantities  raised  in  the  previous  year. 
The  difference,  however,  between  the  two  years  will  be  very  slight. 

The  number  of  collieries  in  the  United  Kingdom  are  as  follows: — 


In  England  and  Wales, 

In  Scotland, 

In  Ireland, 

Total  number  of  collieries, 


2509 

427 

73 

3009 


The  produce  of  coals  from  these  was  as  follows  : 


Durham  and  Northumberland, 

Tons. 

..  18,244,708 

Cumberland, 

1,171,052 

Yorkshire,  . . 

. .  9,284,000 

Derbyshire  and  Nottinghamshire, 

..  4,940,000 

Leicestershire, 

730,000 

Warwickshire, 

545,000 

Staffordshire  and  Worcestershire, 

. .  7,648,300 

Lancashire, 

. .  11,350,000 

Cheshire, 

Shropshire, 

750,500 

850,500 

Gloucestershire,  Somersetshire,  and  Devonshire, 

5,503,400 

North  Wales, 

. .  1,750,500 

South  Wales, 

. .  6,254,813 

Scotland, 

..  10,900,500 

Ireland, 

119,425 

Total  consumption, 

, .  80,042,698 

In  addition  to  this,  of  the  coals  raised  there  are 

wasted  on  fire  heaps,  . .  . .  . .  3,165,883 

Present  rate  of  exhaustion,  . .  . .  83,208,581 


Our  production  of  coal  has  been  for  many  years  steadily  increas¬ 
ing,  as  the  statement  of  coal  raised  from  the  collieries  of  the  United 
Kingdom  for  the  three  years  ending  1860  will  show : — • 


1858. 

65,008,649  tons 
£16,252,162  value 


1359. 

71,979,765  tons 
£17,994,941  value 


1860. 

83,208,581  tons 
£20,802,145  value 


The  value  has  been  computed,  after  a  careful  examination  of  all 
the  costs  of  production,  and  it  fairly  represents  the  worth  of  this 
valuable  product  at  the  pit’s  mouth.  Our  trade  in  coals  has  during 
the  same  periods  observed  a  steady  increase,  the  table  of  our  exports 
to  Foreign  Countries  showing  this  : — 

Coal  and  Culm  (Anthracite)  exported  (as  per  Board  of  Trade  Returns)  during 
the  three  years  ending  1861,  and  the  Countries  receiving  the  principal 


Quantities. 

Countries  to 

1859. 

1860. 

1861. 

which  exported. 

tons. 

tons. 

tons. 

Russia, 

347,414 

356,496 

406,617 

Denmark, 

462,620 

418,356 

558,457 

Prussia, 

393,962 

399,175 

453,364 

Hanse  Towns, 

528,916 

539,468 

586,605 

Holland, 

298,263 

315,931 

268,925 

France, 

..  1,391,009 

. .  1,352,062 

. .  1,452,933 

Spain  &  Canaries, 

430,888 

452,479 

496,435 

Turkey, 

218,574 

196,504 

173,975 

United  States, 

204,516 

309,869 

371,705 

Other  countries, 

. .  2,730,787 

. .  2,981,492 

. .  3,082,218 

Totals, 

7,006,949 

..  7,321,832 

..  7,851,234 

Declared  value, 

£3,270,013 

..  £3,316,281 

..  £3,593,076 

From  this  we  learn  that  no  less  a  quantity  than  72,191,464  tons 
of  coals  were  retained  by  us  for  home  consumption. 

A  very  large  quantity  of  small  coal  which  was  formerly  wasted 
is  now  treated  with  much  economy,  and  made  into  several  varieties 
of  patent  fuel.  Of  this  there  are  several  exhibiters.  It  is  not  easy 
to  arrive  at  the  real  quantities  manufactured ;  we  have,  however,  a 
tolerably  correct  return  of  the  Patent  Fuel  exported  to  foreign 
countries,  which  has  been  as  follows  : — 


1859. 

75,080  tons. 


1860. 

90,743  tons. 


1861. 

84,645  tone 
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The  productions  of  the  coal-fields  of  the  Continent  have  been 
according  to  the  latest  accredited  returns,  as  follows : — 

France, 

Belgium, 

Austria,  coal  and  lignite, 

Prussia,  { brown  coal,  "  " 

Spain, 

Russia  and  Turkey, 

Saxony, 

Bavaria, 

Electoral  Hesse, 

Baden  and  the  neighbouring  Duchies, 

Total  produce  of  the  Continent  of  Europe,  including  1  2oi  639 
coal,  brown  coal  or  lignite,  and  peat,  . .  j  ’  ’ 

Which  is  but  little  more  than  one-third  of  the  production  of  true  coal  in  the 
United  Kingdom. 

We  have,  owing  to  the  unfortunate  condition  of  the  once  United 
States  of  America,  but  a  very  imperfect  representation  of  a  region 
which  must  eventually  become  the  greatest  coal-producing  country 
in  the  world.  It  is  nevertheless  interesting  to  mark  the  progress 
of  the  development  of  the  American  coal-field.  The  Pennsylvania 
district  sent  to  market  in 


Tons. 

1840, 

959,973 

1850, 

. .  3,321,000 

1855, 

. .  6,486,097 

1860, 

..  8,131,234 

The  semi-anthracite  and  bituminous 

coals  of  other  districts 

Pennsylvania  have  produced  in — 

Tons. 

1850, 

546,653 

1855, 

..  1,107,417 

1860, 

. .  1,396,700 

This  gives  us  as  the  produce  of  the  American  coal-fields  in  1860, 
9,528,024  tons.  The  important  coal-fields  of  Nova  Scotia  are  well 
represented.  The  section  of  the  main  coal  seam,  Albion  Mines, 
Pictou,  shows  one  of  the  thickest  beds  in  the  world,  its  vertical 
section  being  from  thirty-three  feet  to  thirty  feet.  This  is  worked 
to  the  extent  of  70,000  tons  per  annum.  The  coal  raised  in  1860 
in  this  province  was — 


Tons. 

Pictou, 

165,055 

Sydney, 

100,098 

Lingan, 

35,300 

Toggins, 

5,295 

Total  produce,  . . 

305,748 

The  production  of  coal  in  India  is  to  us  a  matter  of  great  interest. 
Professor  Oldham  has  contributed  to  the  Exhibition  a  collection  of 
good  coals  from  the  Indian  coal-fields,  the  rates  of  production  from 
each  of  them  being — 


District. 

Quantity 
in  1858. 

Quantity 
in  1859. 

Quantity 
in  1860. 

Raniganj  coal-field, 

maunds,  5,917,000 

8,949,600 

8,559,097 

Rajmahal  Hills  .. 

“  219,000 

843,000 

1,222,860 

Kurhurbari, 

“  4,000 

108,182 

275,256 

Palamow, 

U 

28,648 

30,900 

Sythet  Hills, 

“  22,319 

32,498 

Total  in  maunds,  6,162,319 

9,961,928 

10,088,113 

Or  in  tons, 

226,140 

365,575 

370,206 

In  our  Australian  colonies  coal  is  of  great  importance,  and  it  is  of 
interest  to  see  how  steadily,  by  the  progress  of  geological  inquiry, 
there  is  a  development  of  coal-fields  over  various  districts  within  the 
southern  hemisphere. 


The  coal-bearing  rocks  in  Victoria  occupy  an  area  equal  to  about 
three  thousand  square  miles,  or  11,920,000  acres.  Little  has,  how¬ 
ever,  as  yet  been  done.  The  Victoria  Coal  Company  are  making 
a  small  experiment  which  will  determine  the  value  of  some  of  the 
seams. 

In  New  South  Wales  yet  further  progress  has  been  made.  The 
Australian  Agricultural  Company  frequently  ships  five  hundred  tons 
a  day,  and  several  other  companies  are  now  actively  at  work.  The 
Government  examiner  of  coal-fields  recognizes  eleven  distinct  seams 
of  coal  which  are  more  or  less  worked,  and  of  these  large  samples 
have  been  sent  to  this  country  for  trial. 

The  coal-fields  of  Tasmania  or  Van  Diemen’s  Land  are  of  no  less 
interest.  Mr.  C.  Gould,  the  Government  geologist,  has  sent  to  the 
Exhibition  a  good  collection  from  the  different  seams.  As  yet  the 
coal  has  been  but  little  worked.  The  colonial  parliament  has,  how¬ 
ever,  voted  a  sum  of  money  for  an  inquiry  into  the  extent  of  the 
field,  and  for  an  investigation  into  the  character  of  the  coal. 

There  are  other  districts  from  which  specimens  of  coals  have  been 
sent,  but  they  are  not  of  sufficient  importance  to  engage  our  imme¬ 
diate  attention. 

Having,  it  must  be  admitted,  somewhat  hastily  examined,  as  it 
regards  their  statistical  relations,  the  coal-fields  of  the  world  repre¬ 
sented  in  the  Exhibition,  it  is  necessary  now  to  return  to  the  metal¬ 
liferous  productions  of  this  country. 

THE  IRON  ORES  of  Great  Britain  are  well  represented ; — not  as  in 
1851  by  a  complete  collection,  which  was  got  together  by  the  energy 
of  Mr.  Samuel  Blackwell ; — but  by  most  of  the  more  important  ores, 
and  by  specimens  from  those  localities  which  were  almost  unknown 
at  the  time  of  the  Great  Exhibition.  It  is  so  interesting  to  trace 
the  development  of  this  great  mining  industry,  that  the  latest  returns 
from  all  the  iron-producing  counties  are  given.  From  all  those 
counties  which  are  printed  in  italics  specimens  will  be  found  in  the 
International  Exhibition. 


IRON  ORE  PRODUCE.— 1860. 


Quantities. 

Value. 

Tons. 

ewts. 

qrs. 

£ 

s. 

d. 

Cornwall , 

23,953 

4 

0 

6,663 

16 

11 

Devonshire,  . . 

3,836 

0 

0 

1,534 

8 

0 

Somersetshire , 

24,101 

16 

l 

.  12,050 

18 

6 

Gloucestershire , 

90,466 

0 

0 

.  40,710 

4 

0 

Wiltshire , 

76,201 

5 

0 

.  36,245 

0 

0 

Hampshire ,  . . 

6,119 

0 

0 

2,600 

10 

0 

Oxfordshire , 

5,833 

0 

0 

2,228 

0 

0 

Northamptonshire ,  &c., 

95,664 

0 

0 

.  23,416 

0 

0 

Lincolnshire, 

16,892 

0 

0 

6.747 

16 

0 

Warwickshire, 

19,500 

0 

0 

5,025 

0 

0 

Staffordshire,  North,  . . 

738,229 

0 

0 

.  234,819 

14 

0 

Do.  Houth,  . . 

785,700 

0 

0 

.  265,000 

0 

0 

Shropshire,  . . 

165,500 

0 

0 

.  35,750 

0 

0 

Derbyshire ,  . . 

375,500 

0 

0 

.  96,875 

0 

0 

v.  .. 1  North  Riding,  1,471,319 

6 

0 

.  217,886 

0 

0 

”  (  West  Ruling, 

255,700 

0 

0 

63,925 

0 

0 

Lancashire, 

520,829 

0 

0 

.  260,414 

10 

0 

Cumberland, 

468,781 

19 

2 

.  257,347 

0 

0 

Northumberland  and  l 
Durham,  . .  j 

12,500 

0 

0 

3,125 

0 

0 

Wales,  North, 

85,097 

0 

0 

.  21,291 

14 

0 

Do.  South , 

630,705 

11 

0 

.  162.431 

6 

0 

Scotland,  . . 

2,150,000 

0 

0 

.  710,000 

0 

0 

Ireland, 

106 

13 

0 

43 

0 

0 

Isle  of  Man, 

1,671 

0 

0 

.  799 

5 

0 

Total, 

8,024,205 

13 

3 

2,466,929 

2 

5 

The  following  returns  give  the  quantities  of  iron  ore  raised  in  the 
United  Kingdom  for  the  three  years  ending  1860  : — 

1858.  1859.  I860. 

8,040,959  tons  . .  •  7,876,581  tons  . .  8,024,205  tons 

£2,570,701  value  . .  £2,507,860  value  . .  £2,466,929  value 


Tons  of  2240  lbs. 
8,490,702 
8,925,700 
2,169,987 
12,237,818 
5,123,738 

160.500 

100.500 
1,250,000 

264,694 
178,000 
300,000  - 
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During  1860,  when,  owing  to  the  state  of  trade  in  America,  the 
iron  trade  was  in  a  very  depressed  state,  we  had  five  hundred  and 
eighty-two  blast  furnaces  in  active  operation,  and  the  pig-iron  made 
during  the  above  three  years  was  as  follows  : — 

1858.  1859.  1860. 

3,4.66.064  tons  ./  3,712,904  tons  ..  3,826,752  tons 

£10,713,798  value  /.  £11,138.712  value  ..  £11,480,256  value 


The  value  for  1860  is  taken  at  £3  per  ton,  which  is  taken  as  the 
mean  average  cost  of  production  during  that  period. 

The  interest  which  attaches  to  everything  connected  with  our 
iron  trade  appears  to  render  it  necessary  that  a  statement  of  our 
exports  should  be  given  to  the  latest  period  obtainable.  The  iron 
exported  to  Foreign  Countries  during  the  three  years  ending  1861 
has  therefore  been  obtained. 


Description. 

Quantities. 

Declared  Value. 

1859. 

1860. 

1861. 

1859. 

1860. 

1861. 

Iron  Pig, 

“  Bar,  bolt,  and  rod, 

“  Railway,  of  all  kinds, 

“  Wire,  ... 

“  Cast,  , 

“  Wrought,  of  all  sorts, 

“  Steel,  unwrought, 

Tons. 

316,376 

300,786 

528,927 

12,391 

81,302 

200,665 

24,724 

Tons. 

342,566 

311,459 

453,445 

13,957 

74,971 

213,474 

32.173 

Tons. 

387.546 

258.547 
377,477 

11,630 

74,969 

190,533 

21,796 

£ 

901,929 

2,373,910 

4,124,208 

228,019 

795,819 

3,084,720 

805,832 

£ 

974,065 

2,385,871 

3,408,759 

250,087 

832,638 

3,317,349 

986,228 

£ 

1,047,318 

1,885,605 

2,903,357 

207,317 

701,214 

2,868,923 

727,840 

From  returns  obtained  from  the  Customs,  it  appears  that  in  1860 
we  imported  23,112  tons  of  iron  ore,  and  that  the  following  imports, 
principally  of  Swedish  iron,  took  place  : — ■ 

Ikon  imported  into  the  United  Kingdom  during  the  three  years 
ending  1861: — 

1859.  1860.  1861. 

42,713  tons.  ..  54,061  tons.  ..  35,489  tons. 

£543,279  value.  ..  £659,620  value.  ..  £395,060  value. 


The  only  countries  producing  tin  in  any  quantity  are  the  islands 
of  Banca  and  Billitan,  and  the  southern  peninsula  of  India.  Bohemia 
produces  a  small  quantity  not  exceeding  50  tons  per  annum,  and 
in  Spain  perhaps  200  tons  of  ore  are  obtained. 

The  following  table  shows  the  quantity  of  tin  sold  and  the  price 
realized  during  the  past  five  years  by  the  Dutch  Trading  Company, 
thus  representing  the  production  of  the  Indian  Islands  and  con¬ 
tinent: — 


By  far  the  largest  portion  of  this  iron  is  used  in  the  manufacture 
of  steel  for  Sheffield  cutlery.  The  falling  off  in  1861  is  dependent 
partly  on  the  state  of  trade,  but  more  directly  on  the  improved 
manufacture  of  iron  at  our  own  works. 

TIN. — The  most  ancient  mining  operations  in  this  country  were 
in  search  of  tin,  with  which  our  forefathers  supplied  the  Eastern 
monarchies  when  Sardanapalus  was  king  of  Assyria,  and  when 
Solomon  encouraged  the  exploring  disposition  of  the  Tyrian  navi¬ 
gators.  Notwithstanding  this  incessant  drain  upon  one  small  county, 
Cornwall,  the  production  of  tin  ore  and  tin  in  the  United  Kingdom 
for  the  three  years  ending  1860  has  been  large. 


Description. 
Tin  ore,  . . 
Value, 

Tin, 

Value, 


1858. 

10,618  tons. 
£671,057 

6,920  tons. 
£823,480 


1859. 

10,670  tons. 
£807,502 

7,100  tons. 
£929,390 


1860. 

10,462  tons. 
£748,827 

6,695  tons. 
£871,382 


The  processes  of  tin-smelting  are  well  illustrated  by  Mr.  R.  R. 
Michell.  The  Redruth  Committee,  Mr.  Higgs  of  Penzance,  and 
Mr.  Hill  of  Ilellstone,  have  shown  the  varieties  of  ores  which  are 
now  produced.  One  small  block  of  tin,  produced  in  all  probability 
ere  yet  the  Romans  landed  on  these  shores,  being  amongst  the  col¬ 
lection  contributed  by  Mr.  Frederick  Hill  of  Hellstone. 


1857,  ..  ..  190,559  slabs,  sold  at  824  florins  per  pecul. 

1858,  ..  ..  190,842  “  68*  “ 

1859,  ..  ..  139,128  “  884  « 

1860,  ..  ..  151,513  “  794  “ 

1861,  ..  ..  149,183  “  69  “ 


The  stock  on  warrants  with  the  Trading  Company  has  been  respec¬ 
tively  as  follows : — 


28,024  slabs  on  May  31,  1858, 
21,046  “  April  30,  1859, 

33,155  “  “  30, 1860, 


32,266  slabs  on  April  30,  1861, 
and 

29,300  slabs  on  April  30,  1862. 


This  brings  the  account  of  the  tin  trade  of  Holland  down  to  the 
latest  period. 


Tin  Imported  (as  per  Board  of  Trade  Returns)  for  three  years  ending  1861 : — 
Description.  1859.  1860.  1861. 

Tin  in  blocks,  bars,  ingots,!  r,  _ _ 

and  slabs,  ..  |54>00G  cwts.  58,220  cwts.  73,062  cwts. 

Declared  value,  ..  £370,976  £387,307  £435,277 


TIN  PLATES  manufacture  is  one  of  great  importance  to  us.  The 
returns  of  tin  and  iron  plates  cannot  be  obtained,  but  the  declared 
value  of  our  exports  during  the  three  years  ending  1861  has  been 
as  follows: — 


Exports  of  British  Tin  (as  per  Board  of  Trade  Returns)  for  the  year  1861, 
as  compared  with  the  two  previous  years. 

Description.  1859.  1860.  1861. 

Tin  unwrought,  ..  56,079  cwts.  54,811  cwts.  56,551  cwts. 

Declared  value,  ..  £353,109  £361,592  £343,300 

Foreign  and  Colonial  Tin  Exported  in  the  year  1861,  as  compared  with  the 
two  previous  years. 

Description.  1859.  1860.  1861. 

Tiha«,M&bsft.S’}  7-908  cwts-  10.103  cwts.  19,173  cwts. 


1859.  I860.  1861. 

£1,522,618  ..  £1,500,812  £907,590 

COPPER  ORE  AND  COPPER. — The  number  of  copper  mines  in 
the  United  Kingdom,  as  Dearly  as  can  be  determined,  is  one  hundred 
and  seventy.  Of  these  one  hundred  and  thirty  are  in  Cornwall  and 
Devonshire.  The  Great  Devon  Consolidated  Mines  send  some  fine 
examples  of  copper  ores  from  their  mines.  The  Redruth  and  Tavis¬ 
tock  Committees  have  contributed  examples  of  the  varieties  of  ore 
produced  in  the  mines  of  their  districts  respectively. 
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The  production  of  three  years  ending  18G0  has  been 


Copper  ore, 
Value,  . . 

Fine  copper, 
Value,  . . 


1858.  1859.  I860. 

226,852  tons.  236,789  tons.  236,696  tons. 
£1,336,535  £1,506,835  £1,507,133 

14,456  tons.  15,770  tons.  15,968  tons. 
£1,562,693  £1,734,700  £1,706,261 


During  the  last  three  years  the 
the  United  Kingdom  has  been  as 
chiefly  from  Chili,  Cuba,  Spain, 
Peru,  Italy,  and  Portugal.  Most 
mens  of  their  produce. 

Description. 

Copper  ore,  . . 
regulus, 

unwrought  and  part  wrought, 
Totals, 


quantities  of  copper  imported  into 
follows.  This  has  been  derived 
Australia,  South  Africa,  Bolivia, 
of  these  countries  exhibit  speci- 

1859.  I860  1861. 

71,277  tons.  76,285  tons.  74,163  tons. 
13,178  21,032  20,317 

10,903  11,753  15,788 

95,358  109,070  110,268 


During  the  same  period  our  exports  of  Foreign  and  Colonial  copper 
in  the  year  1861  and  two  previous  years  were — 

Description.  1859.  1860.  1861. 

Copper,  unwrought  and  part  wrought,  47,936  cwts.  73,516  cwts.  78,459  cwts. 

While  our  exports  of  British  manufactured  copper  from  the  United 
Kingdom  during  the  three  years  ending  18G1  were — 


ENGLISH  LEAD  MINES  are  equally  important  with  those  of  copper. 
The  production  of  lead  for  the  three  years  ending  18G0  is  given — 


1858.  1859.  I860. 

Lead  ore,  . .  . .  95,855  tons.  91,381  tons.  89,081  tons. 

Value  of  lead  ore,  £1,370,726  £1,261,060  £1,236,749 

Lead,  ..  ..  68,303  tons.  63,233  tons.  63,525  tons. 

Value  of  lead,  £1,489,005  £1,410,095  £1,417,415 


SILVER. — Nearly  all  this  lead  ore  contains  silver  in  quantities 
varying  from  two  ounces  to  forty  and  even  sixty  ounces  in  the  ton. 
This  is  separated  by  the  process  of  Hugh  Lee  Pattinson,  and  thus 
we  obtain  the  following  returns  of  British  silver  : — 

1858.  1859.  I860. 

Silver  ..  ..  569,345  oz.  576,027  oz.  549,720  oz. 

Value  of  silver,  ..  £156,569  £158,407  £151,173 

Three  small  mines  in  Cornwall  have  produced  in  the  latter  year 
one  hundred  and  ten  tons  of  ore  so  rich  as  to  he  worth  for  silver 
£4166  11s.  7d. 

Lead  Imports  for  the  three  years  ending  1861. 

Description.  1859.  1860.  1861. 

Lead — pig  and  sheet,  ..  23,620  tons.  22,171  tons.  23,109  tons. 

Value  of  lead,  £504,396  £468,435  £440,092 


Description. 

Copper,  unwrought,  &c., 
sheets,  nails,  &c., 
wrought  of  other  sorts, 
Brass  of  all  sorts, 


1859. 

126,984  cwts. 
286,910 
40,561 
25,654 


1860.  1861. 

139.611  cwts.  87.936  cwts. 

344.612  297,304 

38,113  47,197 

36,662  31,089 


Totals,  .. 

/ 

Total  value. 


. .  480,109  558,998  463,526 

£2,601,305  £2,999,408  £2,312,567 


Lead  Exports  for  the  three  years  ending  1861. 

Description.  1859.  18G0.  1861. 

Lead — pig,  sheet,  &c.,  20,571  tons.  23,797  tons.  19,267  tons. 

Value  of  do.  £480,845  £543,299  £424,102 

Lead  ore,  &c.,  . .  6,756  tons.  5,935  tons.  5,841  tons. 

Value  of  do.,  ..£187,237  £157,987  £147,311 


Estimated  Value  of  Lead  and  Silver  consumed  in  Great  Britain  in  the  years — 


Lead  and  Silver  produced  in  the  United  Kin 
Silver  imported,  846,569  oz.,  1857, 

Do.  do.  750,000  oz.,  1858, 

Do.  do.  1,370,548  oz.,  1859, 

J 5 

Cu 

o 

B 

1857. 

£1,656,668 

232,806 

1858. 

£1,645,574 

206,250 

1859. 

£1,564,332 

342,637 

1,889,474 

1,851,824 

1,906,269 

Lead  exported, 

“  imported, 

1857. 

Tons. 

22,088 

12,768 

1858. 

Tons. 

19,555 

14,139 

1859. 

Tons. 

20,491 

23,020 

Balance  of  Exports,  . . 

9,320 

5,416 

— 

Balance  of  Imports, 

.  . 

.  . 

211,838 

115,713 

68,838 

3,129 

Value  consumed,  . . 

.. 

.  . 

.  . 

£1,677,636 

£1,736,111 

£1,975,807 

GOLD. — The  production  of  gold  profitably  in  this  country  must 
not  escape  us.  There  are  three  exhibiters  of  British  gold  in  the 
Exhibition.  The  only  important  production  has  been,  however, 
from  the  Vigra  and  Clogau  mine  in  Merionethshire.  At  this 
mine  they  produced  in  1861, 1314  ounces  of  fine  gold,  worth  £5300. 

ZINC  ORES  are  produced  from  the  mines  of  Wales,  of  the  Isle  of 
Man,  and  Cornwall,  chiefly  in  the  form  of  Blende,  sulphite  of  zinc, 
a  small  quantity  of  calamine  being  obtained  in  Alston  Moor. 

Production  of  Zinc  for  the  three  years  ending  1860. 


Considerable  quantities  of  calamine  and  other  ores  of  zinc  are  now 
brought  from  Spain  into  the  ports  of  Liverpool  and  Swansea.  The 
quantities  of  zinc  imported  during  the  years  ending  1861  were— 

Description.  1859.  1860.  1861. 

Zine  or  spelter,  30,214  tons.  . .  23,481  tons.  . .  24,851  tons. 

Value,  £656,278  £499,636  £473,305 

The  other  metalliferous  productions  are  of  considerable  but  not 
of  such  great  importance. 


Description. 
Zinc  ores, 
Value, 

Zinc, 

Value, 


1858. 

11,556  tons. 
£36,199 

6,900  tons. 
£174,225 


1859. 

13,039  tons. 
£39,117 

3,697  tons, 
£75,782 


1860. 

15,552  tons. 
£39,631 

4,357  tons. 
£89,536 


Production  of  Pyrites  or  Mundic  for  three  years  ending  I860. 

1858.  1859.  18G0. 

Pyrites — sulphide  of  iron,  136,060  tons.  100,263  tons.  135,669  tons. 

Value  of  pyrites,  £83,704  £77,123  £84,139 
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The  whole  of  this,  and  a  very  large  import  from  Spain  and  else¬ 
where,  is  consumed  in  our  alkali  manufactories. 

Some  statistics  of  which  just  issued  are  curious  and  interesting  in 
connection  with  the  Alkali  trade  of  this  country. 


Raw  Materials  Consumed  per  Annum. 


Tons. 

Salt, 

Coals, 

Limestone  and  chalk, 
Pyrites, 

Nitrate  of  soda, 

Manganese, 

Timber  for  casks,  . . 

. .  254,600 

. .  961,000 

. .  280,500 

. .  264,000 
8,300 
. .  33,000 

. .  33.000 

Total, 

. .  1,834,400 

Capital  Employed 

in  the  Manufacture. 

In  land, 

In  plant,  buildings,  &c., 
Working  capital,  .. 

.. 

. .  £235,000 
. .  950,000 

. .  825,000 

Total  capital, 

.  . 

£2,010,000 

Annual  Cost  of  Materials  for  Repairs,  viz.  : — 

Stone,  bricks,  slates,  iron,  lead,  timber,  &c.,  ..  ..  £135,500 


General  Summary  of  the  production  of  Minerals  in  the  United  Kingdom. 


Quantity. 

Value. 

Tin, 

. .  10,462  tons. 

£748,827 

Copper, 

236,696 

1,507,133 

Lead, 

89,081 

1,236.749 

Silver  ore, 

125 

2,439 

Zinc, 

15,552 

39,63  L 

Pyrites, 

135,669 

84,139 

Arsenic, 

1,600 

12,800 

Nickel, 

6 

254 

Tungsten, 

19 

19 

Manganese,  . . 

932 

3,096 

Sundries,  ochre,  &c.,  . . 

597 

869 

Iron  ore, 

Coals  (sold  and  used),  . . 

..  8,024,205 

2,466,929 

..  80,042,698 

20,010,674 

Salt, 

..  1,570,972 

589,114 

Clay, 

. .  508,666 

221,150 

Barytes, 

..  13,354 

9,750 

Coprolites, 

30,000 

60,000 

value  of  the  minerals  and  coals, 

90,680,634 

26,993,573 

Metals  produced  from  British  Minerals. 

Quantity. 

Value. 

Tin, 

6,695  tons. 

£871,382 

Copper, 

15,968 

1,706,261 

Lead, 

63,525 

1,417,415 

Silver, 

549,720  oz. 

151,173 

Zinc, 

4,357  tons. 

89,536 

Iron,  pig,  . . 

3,826,752 

12,703,950 

Total  value  of  the  above,  . 

16,939,717 

Estimated  market  value  of  other  metals  and"! 
minerals,  . .  . .  . .  f 

170,927 

Coals, 

20,010,674 

Labour,  not  including  Labour  in  Transit. 


Directly  employed, 

Employed  in  getting  coals, 

Employed  in  making  salt, 

Employed  in  getting  and  breaking  limestone, 
Employed  in  getting  pyrites, 

Employed  in  felling  and  sawing  timber  for  casks, 


Total  labour  employed  in  the  manufacture,  4 
and  in  the  preparation  of  raw  materials  v 
used  in  it,  . .  . .  . .  ) 


No.  of 
hands. 

Souls. 

Annual 
amount  of 
wages. 

10,600 

53,000 

£549,500 

3,100 

15,500 

112,840 

420 

2,100 

16,380 

660 

3,300 

25,740 

4,030 

20,150 

157,150 

330 

1,650 

10,140 

19,140 

95,700 

£871,750 

BARYTES. — The  produce  of  barytes  for  the  year  I860  was  13,354 
tons — value  £9750 — the  principal  part  of  this  being  employed  in 
the  adulteration  of  white  lead. 

ARSENIC. — Production  of  arsenic  from  British  arsenical  ores  was 
in  1860,  1600  tons,  having  a  value  of  £12,800. 

SALT. — The  production  of  salt  in  the  year  1860  was  1,570,972 
tons— value  £589,114. 

And  our  exports  of  salt  for  the  three  years  ending  1861  were — 


Total  value  of  the  entire  mineral  produce  of) 
the  United  Kingdom,  exclusive  of  stones  >  £37,121,318 
and  clay,  . .  . .  . .  j 

Stones,  clays,  and  other  products,  all  of  which  are  largely  exhibited, 
are  estimated  as  follows  : — 


Clay,  unmanufactured, 

. .  £285,846 

Bricks,  tiles,  &c., 

. .  2,911,980 

Building  and  other  stones, 

..  4,622,924 

Sands, 

10,250 

Coprolites, 

65,500 

Rotten  stone, 

750 

Ochre,  umber,  &c., 

5,450 

Barytes, 

15,500 

Gypsum, 

17,750 

Fuller’s  earth, 

13,500 

Fluor  spar,  . . 

. .  4,625 

Total  value  of  earthy  minerals  in  1858, 

..  7,954,075 

There  would  be  but  a  very  slight  difference,  if  any, 
between  thisand  the  value  in  1859,  if  consequently 
we  add  this  to  the  total  value  of  metalliferous 
minerals  and  coals  in  1859,  ..  ..  24,226,526 


We  then  obtain,  ..  ..  £32,183,601 

as  the  real  value  of  the  mineral  produce  of  the  United  Kingdom  at  that  date. 


1859. 

565,644  tons. 
£253,922  value. 


1860. 

696,725  tons. 
£358,162  value. 


1861. 

702,871  tons. 
£370,168  value. 


The  ores  being  smelted,  and  the  metals  computed  at  the  market 
price,  gives  £41,491,102  as  the  total  estimated  value  of  our  metals 
and  mineral  manufactures  which  we  find  represented  in  Class  1. 
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AGRICULTURAL  IMPLEMENTS.— MANURES. 


1— AGRICULTURAL  IMPLEMENTS. 

By  John  Wilson,  F.R.S.E.,  F.G.S.,  and  F.C.S.,  Professor  of 
Agriculture,  University  of  Edinburgh  ;  Member  of  Council  of  the 
Royal  Agricultural  Society. 


UT  a  small  proportion  only  of  the 
casual  visitors  to  the  International 
Exhibition,  it  is  presumed,  will 
exercise  a  sufficient  amount  of 
perseverance  to  find  out  the 
locality  of  the  Agricultural 
Implements.  Her  Majesty’s 
Commissioners  must  have 
relied  greatly  upon  the 
general  excellence  of  this 
class,  and  on  the  great 
-  and  increasing  interest 
taken  in  agricultural 
machinery,  to  neutralize 
the  disadvantage  it  has 
to  contend  with,  in  being 
located  in  its  present 
position. 

In  the  western  fork  of 
the  Eastern  Annexe,  a 
portion  of  the  Exhibition 
separated  from  the  main  building,  and  only  communicating  with 
it  through  a  tunnel  passing  under  the  entrance  to  the  Horticul¬ 
tural  Gardens,  Class  9,  is  to  be  found,  presenting  an  order, 
arrangement,  and  regularity  of  appearance  certainly  not  excelled,  if 
equalled,  in  any  other  part  of  the  building.  The  collection  strikes 
the  visitor  at  once  as  much  smaller  than  would  have  been  expected 
from  the  known  progress  and  development  of  this  branch  of  mechani¬ 
cal  industry,  and  from  the  universal  practice  of  the  manufacturers 
to  exhibit  wherever  and  whenever  an  opportunity  is  afforded  them. 
Notwithstanding  the  enormous  progress  the  country  has  made  in 
its  various  industries  since  1851,  probably  none  has  increased  so 
largely  and  so  healthily  to  the  community  generally  as  that  now 
before  us;  and  yet  we  find  on  reference  to  the  records  of  the  last  great 
Exhibition,  that  the  space  allotted  to  the  Class  then  was  very  nearly 
double  that  of  the  limits  within  which  it  is  now  confined  at  South  Ken¬ 
sington.  We  believe  we  are  correct  in  stating  that  about  200,000 
superficial  feet  were  applied  for  by  the  different  manufacturers,  while 
only  17,000  superficial  feet  were  assigned  to  them  by  the  Royal  Com¬ 
missioners — thus  depriving  several  of  the  opportunity  of  exhibiting 
at  all,  and  all  of  displaying  their  manufactures  to  the  extent  they 
had  desired. 


By  an  improved  arrangement  of  the  space,  however,  the  able 
superintendent  of  the  Class  was  enabled  to  add  about  3000  feet  more, 
making  in  all  about  20,000  superficial  feet  of  exhibiting  surface. 
The  history  of  this  branch  of  mechanics,  which  really  dates  back  no 
more  than  about  a  quarter  of  a  century,  is  not  an  uninstructive  one, 
and  shows  the  great  advantages  that  result  to  both  consumer  and 
producer  by  a  mutual  acquaintance  with  each  other’s  requirements 
and  capabilities.  It  is  now  some  twenty-three  years  ago  that  the 
Royal  Agricultural  Society  held  its  first  great  meeting  at  Oxford,  to 
which  place  a  few  of  the  then  leading  agricultural  implement  makers 
from  various  parts  of  the  country  found  their  way,  notwithstanding 
the  difficulties  and  expense  of  transport  at  that  period,  and  awakened 
a  desire  among  the  farmers  there  assembled  for  the  improved  imple¬ 
ments  exhibited  before  them.  One  gold  medal,  three  silver  medals, 
and  a  special  prize  of  £5  were  all  the  rewards  distributed  in  1839 
for  what  was  destined  to  be  the  most  attractive  and  practically 
useful  feature  of  the  Society’s  exhibition.  Compare  this  with  the 
display  that  took  place  last  year  at  the  Leeds  meeting,  and  with 
that  which,  in  addition  to  what  is  here,  will  be  shown  this  year  at 
Battersea,  and  see  what  progress  has  been  made  in  both  implements 
and  in  implement  makers. 

In  1851  the  great  Exhibition  found  the  agricultural  implement 
makers  in  an  advanced  and  progressing  condition.  They  had 
benefited  largely  by  their  own  annual  meetings,  where  they  were 
accustomed  to  measure  themselves  against  each  other ;  but  in  that 
year  they  were  brought  into  competition  with  their  brethren  of 
other  countries,  and  the  farmers  of  other  countries  stood  by  and 
admired  their  productions.  This  gave  an  additional  stimulus  to  the 
trade — from  this  date  the  industry  has  advanced  with  an  almost 
unexampled  rapidity.  Those  persons  whose  connection  with  agri¬ 
cultural  pursuits  sustains  their  interest  in  such  displays,  and  whose 
position  gives  them  opportunities  of  examining  closely  the  objects 
exhibited,  will  no  doubt  testify  to  the  great  improvement  that  is 
shown  generally  in  the  manufacture  of  agricultural  implements, 
though  they  will  not  claim  credit  for  the  introduction  of  many  new 
inventions  since  that  period.  In  almost  every  department  of 
machines  and  implements  this  improvement  is  shown;  iron  has 
been  substituted,  where  practicable,  for  wood ;  light  wrought-iron 
now  takes  the  place  of  the  thicker  and  heavier  cast-metal ;  harmony 
is  shown  in  the  arrangement  of  different  parts ;  strength  is  given 
where  the  strain  or  wear  and  tear  is  greatest,  and  where  it  is  small 
all  unnecessary  weight  is  saved.  F riction  too  is  materially  lessened 
by  several  ingenious  contrivances  in  the  construction  of  the  larger 
machines,  so  that  the  deplorable  difference  so  often  met  with  between 
the  nominal  power  and  the  practical  working  of  some  of  the  old 
machines  is  now  never  heard  of.  The  annual  trials  of  the  Royal 
Agricultural  Society,  faulty  as  they  may  be,  have  done  much  towards 
effecting  these  desirable  improvements,  and  at  the  same  time  have 
effected  a  fully  equal  amount  of  good  in  another  way,  by  bringing 
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the  farmer  and  the  manufacturer  into  personal  contact  with  each 
other,  and  taught  both  each  other’s  value.  By  these  meetings  good 
has  resulted  to  both — the  manufacturers  have  had  the  advantage 
of  the  suggestions  of  their  customers,  and  teaching  and  taught  at 
the  same  time  have  each  year  become  more  essential  to,  and  more 
dependent  upon  each  other. 

Although  we  cannot  claim  the  introduction  of  many  novelties 
since  1851,  still  there  are  two  which,  from  the  great  success  they 
have  met  with,  and  from  the  magnitude  and  importance  of  their 
bearings  upon  the  agriculture  of  the  country,  stand  out  in  hold 
relief,  and  testify  that  we  not  only  have  been  improving  our  manu¬ 
facture,  but  also  making  great  progress  in  the  application  of  science 
in  agricultural  engineering.  These  two  salient  points  of  progress 
are  represented  by  the  Reaping  Machine  and  the  Steam  Plough. 
The  first,  it  is  true,  was  seen  at  the  Exhibition  of  1851,  and  even 
then  was  not  a  new  invention.  It  came  to  the  general  public, 
however,  as  a  perfect  novelty,  and  dates  its  practical  existence  from 
that  day.  Neither  can  we  say  that  the  steam  plough  is  strictly  an 
invention  since  that  date;  it  had  been  tried  and  had  failed  before 
then,  and,  consequently,  had  to  be  reinvented  and  retried  before  it 
achieved  the  success  that  now  follows  it  wherever  it  goes.  Both  of 
these  machines  will  be  again  referred  to  as  they  come  before  us  in 
their  respective  divisions. 

The  objects  exhibited  in  the  Class  have  been  separated  under  the 
following  heads 

AGRICULTURAL  AND  HORTICULTURAL  MACHINES  AND 
IMPLEMENTS. 

I.  Implements  foe  Tillage. 

1.  Steam  Ploughs  and  Cultivating  Machines. 

a.  Traction  Engines,  Stationary  and  Locomotive. 

b.  Direct-action  Rotary  Machines. 

2.  Ploughs,  including  Subsoil  and  Ridging  Ploughs  and  Pulverizers. 

3.  Harrows,  Chain  and  Circular. 

4.  Scarifiers,  Cultivators,  Grubbers,  Broad  Shares,  and  Paring  Ploughs. 

5.  Clod-Crushers  and  Norwegian  Harrows. 

6.  Rollers,  Plain  and  Ribbed. 

7.  Digging  and  Trenching  Machines. 

II.  Drilling,  Sowing,  Manuring,  and  Hoeing  Machines. 

1.  Pressers. 

2.  Drills  for  sowing  on  the  Ridge  and  on  the  Flat,  Manure  Drills. 

3.  Dibblers. 

4.  Broadcast  Sowing  Machines,  for  Seeds,  for  Manure. 

5.  Horse  Hoes. 

III.  Harvesting  Machines. 

1.  Reaping  Machines. 

2.  Mowing  Machines. 

3-  Tedding  Machines  for  Hay. 

4.  Rakes,  Horse  and  Drag,  for  Hay,  Corn.  Stubble,  &c. 

IV.  Barn  Machinery. 

1.  Prime  Movers  (applications  of) 

a.  Steam  Engines. 

b.  Water  Power  Machines. 

c.  Wind  Power  Machines. 

d.  Horse  Works. 

2.  Thrashing  Machines. 

3.  Straw  Shakers,  Straw  Elevators. 

4.  Winnowers,  Corn  Cleaners,  and  Berley  Hummcllers. 

5.  Crushing  and  Splitting  Mills. 

6.  Flour  and  Meal  Mills. 

7.  Chaff  Cutters. 

8.  Corn  Weighing  Machines  and  Meters. 

9.  Gorse  Bruisers  and  Cutters. 

V.  Field,  Fold,  and  Yard  Machinery. 

1.  Turnip-cutters. 

2.  Root  Grating  and  Pulping  Machines. 

3.  Potato-washers. 

4.  Steaming  and  Cooking  Apparatus. 


5.  Feeding  Apparatus,  Troughs,  Racks,  &c. 

G.  Weighing  Machines  for  Cattle,  &c. 

7.  Watering  Engines,  for  Fire  or  Garden  Purposes. 

8.  Fittings  and  Utensils  for  Stables,  Cow-houses,  Piggeries,  &c. 

VI.  Agricultural  Carriages,  Harness,  and  Gear. 

1.  Waggons,  Carts,  &c. 

2.  Carts  for  Water  or  Liquid  Manure. 

3.  Separate  parts,  as  Wheels,  Harvest  Rails,  Axles,  &c. 

4.  Harness  and  other  Gear. 

VII.  Drainage  Machines  and  Implements. 

1.  Mole  or  Draining  Ploughs. 

2.  Machines  for  making  Pipes,  Tiles,  Bricks,  &c. 

3.  Implements  and  Tools  for  Draining. 

4.  Tiles,  Pipes,  and  other  Materials  used  in  Draining. 

5.  Scoop  Wheels  and  other  Machines  used  in  Draining  or  Lifting  Water. 

6.  Machines  and  Contrivances  for  Irrigating  Lands. 

7.  Sluices,  Draw  Gates,  &c. 

VIII.  Dairy  Implements. 

1.  Churns. 

2.  Curd-breaking  and  Cheese-making  Apparatus. 

3.  Cheese-presses. 

4.  Cheese  Turners  and  other  Contrivances  and  Utensils  used  in  the  Dairy. 

IX.  Miscellaneous  Implements  used  in  Agriculture 

1.  Rick  Stands,  Staddles,  &c  ,  Modes  of  Ventilation. 

2.  Rick  Cloths,  Sacks,  Netting  for  Sheep  Folds,  &c. 

3.  Ladders. 

4.  Pitch  and  Tar  Melters. 

5.  Portable  Forge. 

6.  Sheep-dipping  Apparatus. 

7.  Farm  Railways. 

8.  Models  of  Farm  Buildings. 

9.  Plans  for  Drainage,  Irrigation,  &c. 

10.  Gates  and  Fences  in  Wood. 

11.  Gates  and  Hurdles  in  Iron,  Strained  Wire,  and  Strained  Wire  Fence. 

12.  Chicory  Cutters. 

13.  Cider  Presses. 

14.  Beehives. 

15.  Instruments  for  Cattle,  Probangs,  &c. 

16.  Farm  Tools  for  Manual  Labour,  Scythes,  Spades,  Forks,  &c. 

17.  Tree  Removers. 

18.  Various  Miscellaneous  Articles. 

X.  Garden  Engines  and  Tools. 

STEAM-PLOUGHS. — In  the  First  Division  we  find  steam-ploughs 
and  machinery  represented  by  Chandler  (2091),  Coleman  (2095), 
Fowler  (2115),  Halket  (2123),  Heusman  &  Sons  (2126),  Howard 
(2131),  Leach  (2143),  Robey  &  Co.  (2172),  and  Steevens  (2189). 
These  all  appear  to  be  upon  the  traction  principle,  where  the  engine  is 
stationary  and  the  power  is  conveyed  to  the  implement  used  through 
a  wire-rope.  They  differ,  however,  widely  in  the  mode  in  which 
this  power  is  applied,  and  also  in  the  nature,  form,  and  construction 
of  the  several  implements  used  for  effecting  the  object  they  all  have 
in  view — namely  the  inversion  of  the  soil  operated  upon.  They  all, 
no  doubt,  contain  some  elements  worthy  of  notice,  which  it  would 
not  be  possible  to  particularize  within  the  limits  assigned  to  this 
class.  By  common  consent,  however,  two  of  the  exhibiters, 
Fowler  &  Howard,  are  now  looked  upon  as  the  most  advanced  of 
our  steam  pioneers,  and  as  the  results  of  numerous  trials  have  placed 
in  our  possession  valuable  facts  connected  with  their  work,  and  as 
they  represent  fairly  the  two  different  methods  now  before  the 
public  for  the  arrangement  of  steam-ploughing  tackle,  we  purpose 
taking  their  arrangements  and  their  doings  as  the  types  of  the 
present  condition  of  “  steam  tillage.” 

The  motive  power  used  for  working  the  steam-cultivating  machi¬ 
nery  exhibited  by  Mr.  Fowler  (Fig.  128)  is  a  double-cylinder  12  horse- 
engine,  self-moving  and  fitted  with  reversing  gear.  Fig.  129  repre¬ 
sents  a  general  ex  ternal  view  of  the  engine  and  windlass.  The  cylinders 
are  7  inches  diameter,  with  12  inches  stroke,  making  130  revolu¬ 
tions  per  minute,  with  a  working  pressure  of  from  70  to  90  lbs.  The 
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engine  is  fitted  with  locomotive  gearing,  by  which  it  can  move  itself 
and  the  plough,  if  neopRsarv.  from  fin!d  Lu  ueid,  whereby  a  great 
advantage  is  obtained  over  the  ordinary  portable  engine  as  the  time 

Fig.  128. 


Fowler's  System  of  Steam  Ploughing: 

and  labour  thus  saved  are  manifestly  great.  Attached  to  the  back  of 
the  engine  is  a  large  tender,  which  is  fitted  to  carry  a  good  supply 
of  coals  and  water. 


Fowler’s  Double-cylinder  Engine  and  Windlass. 

Windlass  for  Steam  Plough. — The  ploughing  windlass  at¬ 
tached  to  the  engine  consists  of  the  patent  “  clip  drum  ”  or  5-feet 

sheave,  round  which  the  rope 
FlS- 130-  takes  half  a  turn.  The  prin¬ 

cipal  feature  in  this  drum  is 
the  simple  way  in  which  the 
rope  is  held  fast  by  means  of 
two  rows  of  “clips”  or“leaves,” 
D,  d  (see  Fig.  126,  which  is  a 
section  of  a  portion  of  the  clip- 
drum),  these  “clips”  being  cen¬ 
tred  to  the  upper  and  lower 
flanges,  A,  B,  from  the  drum ; 
and  thus  a  continuous  groove  is  maintained,  in  which  the  rope,  E, 
lies.  These  flanges  are  connected  together  by  balls  and  nuts,  c. 


The  adjustment  of  the  clips  to  meet  the  different  sizes  of  rope,  is 
effected  by  the  lower  rim  of  the  drum,  being  a  screw  on  which  the 
loose  rim  that  carries  the  lower  set  of  clips  is  turned,  thus  causing 
the  clips  to  rise  or  fall  according  to 
the  direction  in  which  the  rim  is 
moved.  This  sheave  is  mounted  on 
a  stud,  secured  to  a  strengthening 
plate  on  the  under  side  of  boiler,  and 
below  this  sheave  is  carried  the 
drum  or  barrel  upon  which  the  rope 
is  coiled.  When  not  at  work,  this 
drum  also  carries  the  guide  pulleys 
and  press  rollers,  which  conduct  the 
rope  to  and  from  the  drum. 

Motive  Power. — The  means  by 
which  the  “hauling  drum”  is  set  in 
motion  is  through  a  vertical  shaft, 
mounted  on  the  side  of  the  boiler, 
connected  by  bevel  gearing  with  the 
crank-shaft,  having  a  pinion  on  its 
lower  extremity,  working  within  the 
hauling  drum,  which  pinion  is  put  in 
and  out  of  gear  by  a  clutch  move¬ 
ment,  under  the  control  of  the  engine- 
driver.  Its  locomotive  power  is  communicated  to  the  near  hind- 
wheel  of  the  engine  by  a  starting  shaft  and  bevel  gearing,  working 
off  the  opposite  end  of  crank  shaft.  The  off  hind  wheel  may  also 
be  connected  with  the  driving  axle  by  a  brake-wheel  and 
strap  at  the  command  of  the  driver.  Under  ordinary 
circumstances,  its  locomotive  power  will  be  found  amply 
sufficient  to  travel  the  engine  along  any  headland ;  but  to 
meet  any  cases  of  difficulty  a  winding-forward  drum  is 
provided,  round  which  a  rope  is  passed  and  secured  to  a 
supplementary  anchor,  laid  out  a-head  of  the  engine. 
This  drum  being  mounted  on  the  hind  wheel  axle,  and 
driven  by  the  road-gearing,  winds  the  engine  forward  at 
a  slower  rate,  but  with  a  greater  increased  power  than  the 
road-wheels  could  possibly  exert. 

Steering. — The  “steerage”  is  effected  by  a  hand-wheel 
under  the  control  of  the  driver  working  the  chain-wheel 
and  pinion  secured  to  the  under  side  of  the  tank,  and  sup¬ 
ported  through  it ;  the  chains  being  carried  under  the 
engines,  and  attached  to  each  end  of  the  fore  axle.  Two 
cultivating  implements  are  exhibited,  besides  the  well- 
known  balance  plough-frame  and  a  7-tined  cultivator. 
The  first-named  implement,  shown  at  Fig.  131,  is  fitted 
with  breasts  suitable  for  ploughing,  digging,  and  scarify- 
-  •  ing,  thus  being  capable  of  arrangement  for  performing 
efficiently  three  distinct  operations.  The  body  of  the 
plough  consists  of  a  rigid  angle  iron  frame,  strongly 
rivetted  together.  This  frame  is  balanced  upon  a  pair  of  wheels 
and  axle,  but  in  such  a  mariner  that  each  wheel  is  capable  of  being 

Fig.  131. 


Ploughing,  Digging,  and  Scarifying  Machine. 

adjusted  by  a  lifting  screw  to  the  required  depth  of  the  work  to  be 
done,  independent  of  the  other  altogether.  The  working  side  of 
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this  frame  being  bevelled,  admits  of  the  plough  bodies  being 
adjusted  to  different  widths  of  furrow,  and  at  the  same  time  all 
obstruction  is  removed  from  above  the  mould-boards.  By  remov¬ 
ing  the  mould-boards  and  stays,  which  can  be  readily  effected, 
either  digging  or  scarifying  breasts  can  be  easily  substituted.  The 
ploughman  has  his  seat  at  the  extreme  end  of  the  frame,  and  by  a 
hand-wheel  and  rod  connected  with  a  screw  movement  at  the  ball, 
regulates  to  a  nicety  the  steerage  of  the  implement. 

Slack  Gear. — The  arrangements  for  taking  up  the  “  slack  ” 
rope,  which  is  generally  termed  the  “  slack  gear,”  is  shown  at  Fig. 
132 ;  it  consists  of  two  barrels  or  drums,  e,  f,  mounted  on  axles 

across  the  frame, 
Fig.  i32.  near  the  centre 

of  the  carrying 
wheels.  After 
the  length  of 
the  field  to  be 
ploughed  is 
taken,  the  rope 
is  wound  around 
these  drums, 
thus  practically 

forming  an  endless  rope,  c,  d.  On  one  side  of  each  of  these  drums 
a  chain-wheel,  A,  B,  is  attached  of  the  full  diameter ;  and  opposite, 
on  each  of  the  drum-axles  is  a  chain  pinion  of  about  £  of  the  drum, 
running  loose  on  the  axle.  The  pinions  are  attached  to  the  drums 
by  a  spiral  spring  on  the  axle.  Its  mode  of  action  may  be  explained 
as  follows :  —  The  man,  on  taking  his  seat,  at  G  or  H,  by  his 
weight  draws  back  the  clutch  from  the  hauling-drum,  which  (if 
there  be  any  slack)  immediately  gives  off  a  portion  of  rope,  and 
winds  upon  the  opposite  drum  four  or  five  times  the  length  of 
slack,  until  the  required  tightness  of  rope  for  the  work  is  obtained, 
when  the  implement  begins  at  once  to  move  forward.  By  this 
arrangement  the  rope  always  accommodates  itself  to  any  irregularity 
of  the  headland  or  curved  boundaries  of  the  field. 

Cultivator.  —  The  “cultivator”  (Fig.  133)  in  its  mode  of 
working  is  precisely  the  same  as  the  “  balance-plough,”  but  in  its 
construction  differs  from  it  by  having  at  each  end  a  set  of  “  tines  ” 
which  cover  a  breadth  of  6  feet,  with  the  frame  extending  outside 
the  track  of  the  wheels.  The  tines  are  readily  adjustable  to  a 
depth  of  12  inches  in  the  socket  of  their  frame,  and  may  be  fitted 


Fig.  133. 


The  Cultivator. 


with  any  description  of  share  or  point  for  any  particular  soil  or 
operation.  This  implement  is  mounted  upon  a  pair  of  5-feet 
wheels,  and  at  each  extremity  is  carried  a  small  wheel  of  about  2 
feet  G  inches  in  diameter,  which  regulates  the  depth  of  the  work. 

Anchor  Carriage. — The  “anchor  carriage  ”  (Fig.  134),  placed 
out  on  the  opposite  headland  to  the  engine,  carries  the  large  sheave 
round  which  the  rope  passes  on  its  return  to  the  engine.  It  con¬ 


sists  of  a  strong  angle-iron  frame,  mounted  on  six  disc  wheels,  with 
sharp  cutting  edges.  On  the  top  of  the  frame  or  body  and  on  the 
axle  of  the  large  sheave  the  winding-forward  drum  is  fixed,  round 


Fig.  134. 


Anchor  Carriage. 


which  the  headland  rope  is  coiled,  the  other  end  being  attached  to  a 
“claw-anchor,”  placed  at  some  distance  along  the  headland.  Motion 
is  given  to  this  drum  by  means  of  the  rope  passing  round  the  large 
sheave  with  which  it  is  connected  by  intermediate  gearing,  thus 
winding  itself  forward  at  a  regulated  rate,  just  sufficient  to  keep  it 
opposite  to  the  engine  during  the  progress  of  the  work. 

Rope  Porters. — A  series  of  “  rope  porters  ”  (Fig.  135)  are 
placed  along  the  field  at  intervals  of  about  forty  yards,  for  the  pur- 


Fig.  135. 


pose  of  keeping  the  rope  from  off  the  ground.  The  outside  ones 
are  mounted  on  three  wheels,  so  as  to  allow  them  to  be  moved  by 
the  rope  as  the  anchor  progresses. 

HOWARD’S  STEAM  PLOUGH.  —  In  Messrs.  Howard’s  system 
an  ordinary  portable  engine  is  used  for  working  the  appara¬ 
tus.  It  is  either  placed  at  one  corner  of  the  field  to  be  ploughed, 
or  in  an  adjoining  field,  or  even  on  the  road  alongside.  It  is 
connected  either  by  a  common  leather  driving  band,  or  by  a 
flexible  universal  joint,  with  the  windlass  which  actuates  the  plough 
frame  or  other  implement  used  through  the  agency  of  a  steel  wire 
rope.  This  rope  is  led  off  the  windlass  in  any  required  direction,  and 
from  thirty  to  sixty  acres  may  in  this  way,  if  properly  managed,  be 
operated  upon  without  any  removal  of  the  engine  or  windlass.  Messrs. 
Howard  maintain  that  there  are  many  advantages  connected  with 
their  system  of  having  the  engine  stationary  when  at  work. 

The  several  joints  of  the  apparatus  are  very  strongly  yet  simply 
made,  and  well  adapted  to  the  hard  work  and  hard  treatment  they 
too  often  meet  with  on  the  farm. 

Snatch-Block. — The  operation  of  paying  out  the  rope  is  regu¬ 
lated  by  a  double  “snatch-block”  fixed  before  the  windlass.  A 
central  guide-wheel  is  mounted  on  a  lever  revolving  between  the 
two  pulleys  of  the  double  snatch-block.  The  steel  rope  passes  on 
either  side  the  central  guide-wheel  and  partly  round  the  two  pulleys, 
motion  being  given  by  the  tight  rope  to  the  guide-wheel  on  one 
side,  while  the  slack  rope  is  taken  off  at  precisely  the  same  speed 
on  the  other  side.  The  operation  is  thus  rendered  very  similar  to 
that  of  an  endless  rope  round  a  single  pulley.  It  is  obvious  that, 
as  the  slack  rope  is  kept  in  a  partial  state  of  tension,  there  is  no 
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difficulty  by  this  arrangement,  and  by  the  use  of  the  “  porters”  here¬ 
after  described,  in  keeping  the  rope  clear  of  the  ground. 

The  Windlass  (Fig.  138)  is  compact  and  portable.  A  pair  of 
stout  wood  travelling  wheels  carry  the  winding  barrels,  which 


than  the  self-propelling  anchor,  but  it  has  the  advantage  of  being 
cheap,  portable,  and  may  be  worked  in  almost  any  position;  and  by 
its  use  the  whole  of  a  field,  however  irregularly  shaped  it  may  be, 
can  be  ploughed  or  cultivated  without  leaving  the  headland. 


Fig.  136. 


Howard’s  System  of  Steam  Ploughing. 


revolve  on  a  central  axle,  and  are  geared  alternately  with  their 
driving  pinions  by  an  eccentric  movement  of  the  axis,  which  at 
the  same  time  brings  the  slack  or  paying-out  barrel  into  contact 
with  a  friction  roller,  instead  of  the  fixed  brake-block  hitherto  used. 


Rope  Porters. — The  “rope  porters”  (Fig.  139),  which  are 
used  at  intervals  along  the  whole  line  of  the  rope  to  keep  it  off  the 
ground,  are  of  a  novel  description,  the  pulley  which  carries  the  wire 
rope  being  mounted  on  a  lever,  by  simply  releasing  which  the  rope 


Fig.  137. 


Snatch-bloclc. 


Anchor. — Two  kinds  of  “anchorage”  are  used — one  is  a  frame¬ 
work  fitted  with  blades  and  anchor  pulley,  with  an  automatic  move¬ 
ment  for  advancing  on  the  headlands  as  the  work  proceeds,  and 
requiring  but  little  attention ;  the  other  is  a  modification  of  the  ship’s 
anchor  with  a  pulley  attached.  It  is  more  expensive  in  labour 


clears  itself — an  operation  which  was  often  very  difficult  to  perform 
with  the  porters  ordinarily  used. 

Cultivator. — The  implement  used  for  cultivating  or  “smash¬ 
ing”  is  a  framework  of  flanged  wrought-iron  with  a  pair  of  travelling 
wheels,  and  a  seat  for  the  man  at  either  end.  It  may  be  worked 
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■with  three  or  more  tines  or  shares,  according  to  the  nature  of  the 
ground  and  depth  of  the  work  required.  The  tines  rock  on  a  centre, 
and  have  each  two  shares  pointing  in  opposite  directions ;  conse¬ 
quently  the  implement  does  not  require  to  be  turned  round  at  the 


land’s  end,  the  ploughman  simply  changing  his  seat  from  the  one 
end  to  the  other,  and  steering  the  machine  in  the  opposite  direction. 

Plough. — The  plough  (Fig.  136),  which  is  made  either  with  three 
or  four  furrows,  may  also  be  used  as  a  cultivator,  subsoil,  or  ridging 
plough.  It  is  supported  by  a  framework  resting  on  three  wheels,  two 
of  which  on  one  side  are  used  for  steering.  This  is  effected  by  the 


Fig.  139. 


leading  wheel  turning  outward,  while  the  following  wheel  turns  inward, 
the  third  wheel  acting  as  a  centre.  By  this  arrangement  the  opera¬ 
tion  of  steering  is  very  easily  and  correctly  managed.  The  beams  to 
which  the  right  and  left  hand  sets  of  plough  bodies  are  attached  are 
of  flanged  wrought-iron,  and  intersect  each  other  at  their  inner 
ends,  thereby  reducing  the  length  of  the  plough.  The  two  sets  of 
beams  work  on  distinct  fulcra,  and  are  suspended  by  chains  from 
eccentrics  in  such  a  manner  that  the  set  of  ploughs  out  of  work  have 
little  or  no  tendency  to  raise  or  lift  up  the  set  in  operation. 


HISTORICAL  NOTICE  OF  THE  STEAM  PLOUGH.— Although  the 
limits  as  well  as  the  character  of  these  pages  render  any  lengthened 
description  of  the  rise,  progress,  and  condition  of  “  steam  ploughs” 
impossible,  still  a  brief  sketch  may  not  be  out  of  place,  in  order  to 
show  the  various  steps  by  which  it  has  risen  to  its 
present  importance.  As  early  as  the  beginning 
of  the  seventeenth  century  we  find  germs  of 
attempts  to  effect  the  operation  of  moving  the  soil 
by  “a  mechanical  process  not  dependent  upon 
animal  power.”  These  were  followed  during 
the  succeeding  century  by  others,  until  the  year 
1770,  when  Mr.  Richard  L.  Edgeworth  patented 
an  engine  with  an  “endless  railway,”  almost 
identical  with  that  well  known  machine  intro¬ 
duced  by  the  late  Mr.  Boydell.  In  the  early  part 
of  the  present  century  we  find  that  several  schemes 
were  devised  for  ploughing,  trenching,  and  dig¬ 
ging  land  by  machinery  ;  but  nothing  appears  to 
have  assumed  a  practical  shape  until  1832,  when 
Mr.  Heathcote,  aided  by  the  skill  and  practical 
engineering  abilities  of  Mr.  Josiali  Parkes,  brought 
out  his  patent  “  for  certain  new  and  improved 
methods  of  draining  and  cultivating  land,  and 
new  and  improved  machinery  and  apparatus 
applicable  thereto.”  This  plough  actually 
appeared  in  the  field  at  the  Dumfries  show  of 
the  Highland  Society  in  1837,  but  did  not 
receive  the  offered  premium,  as  in  the  trials  the  judges  did  not  con¬ 
sider  the  machine  sufficiently  perfect  to  entitle  it  to  the  reward. 
In  1849  Mr.  Ilannam,  a  well-known  Berkshire  agriculturist,  brought 
out  a  steam  plough,  which  had  been  constructed  for  him  by  Barrett 
&  Exall,  and  which  may  be  regarded  as  the  first  attempt  to  work 
a  gang  of  ploughs  by  the  ordinary  engine,  and  also  to  be  the  first 
attempt  to  plough  the  land  by  wire  traction  ropes  worked  by  the 
engine  from  a  distant  part  of  the  field. 

In  1851  Lord  Willoughby  d’Eresby  sent  to  the  Great  Exhibition 
a  detailed  plan  of  the  mode  of  applying  steam  power  to  ploughs  which 
he  had  introduced  on  his  Lincolnshire  farms.  His  Lordship  sta¬ 
tioned  his  engine  in  the  centre  of  the  field  to  be  ploughed,  and  carried 
out  anchors  to  each  headland,  between  which  and  the  engine  the 
gang  of  ploughs,  attached  to  an  iron  frame,  were  drawn  backwards 
and  forwards.  The  ploughs  were  on  the  turnwrist  principle,  and 
were  simply  reversed  on  arriving  at  the  end  of  their  furrow. 

The  Marquis  of  Tweeddale  shortly  after  came  into  the  field  with 
an  improvement  on  Lord  Willoughby’s  method.  At  Yester,  where 
the  steam  plough  was  hard  at  work  for  some  considerable  time  before 
it  established  itself  in  its  present  position  at  all  our  great  agricultural 
meetings,  two  engines  were  used,  one  on  each  headland,  the  plough 
frame  being  drawn  from  one  to  the  other  and  stirring  the  land  it 
traversed  to  a  great  depth. 

About  the  same  time  Mr.  Usher  of  Edinburgh  devised  a  “  loco¬ 
motive  engine,”  to  the  hind  part  of  which  a  movable  skeleton 
drum  was  attached,  carrying  on  its  outer  circumference  a  set  of 
four  or  five  plough-breasts,  each  covering  a  space  of  ten  inches, 
and  being  arranged  in  a  spiral  form  round  the  cylinder,  so  that 
each  plough  followed  behind  the  other,  taking  a  different  cut  of 
the  same  width,  and  effecting  the  ploughing  or  reversing  of  the 
surface  in  a  diagonal  line.  This  skeleton  drum  was  driven  round  at 
a  slow  speed  from  the  spur-wheel  of  the  engine,  and  by  working 
against  the  soil  at  the  rear  propelled  the  machine  along  in  a  straight 
line.  The  engine  was  a  light  tubular  form  with  a  pair  of  fore  carrying 
and  turning  wheels,  but  constructed  with  a  broad  iron  roller  instead 
of  wheels  behind,  by  which  increased  friction  was  obtained,  while 
the  pressure  per  square  inch  of  the  engine  on  the  soil,  by  being 
distributed  over  a  greater  surface,  was  materially  lessened.  This 
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was  brought  and  tried  several  times  with  an  encouraging  amount 
of  success,  but  as  no  ono  was  disposed  to  embark  money  in  further 
trials  to  perfect  its  construction,  it  was  laid  aside  and  soon  for¬ 
gotten. 

The  only  steam  plough  on  this  principle — “  rotary  locomotive” — 
which  has  reached  the  field,  is  Romaine’s.  This  has,  from  time  to 
time,  made  its  appearance  at  our  different  meetings ;  and  although 
at  Leeds  last  year  it  was  declared  by  the  judges  “  that  the  work 
done,  though  but  little,  was  certainly  the  best  in  the  field,  the  soil 
being  finely  pulverized  to  the  depth  of  seven  inches,”  the  cost  of 
the  work  in  fuel  consumed,  and  wear  aud  tear  of  materials,  appear 
to  have  raised  the  cost  far  beyond  the  value  of  the  work. 

In  1858,  at  the  Royal  Agricultural  Society’s  Meeting  at  Chester, 
the  problem  of  steam-cultivation  was  solved  by  the  award  to  Mr. 
Fowler  of  the  Society’s  prize  of  £500  “  for  a  steam  cultivator  that 
shall,  in  the  most  efficient  manner,  turn  over  the  soil,  and  be  an 
economical  substitute  for  the  plough  or  the  spade.” 

There  were  five  competitors,  including  one  on  the  rotary  principle 
(Rickett’s),  which  contained  some  elements  of  promise,  but  which, 
alas !  has  never  been  since  heard  of.  In  the  Report  of  the  trials,  which 
contains  full  details  of  the  work  done  and  expenditures  incurred  in 
time  and  materials,  the  judges  stated  that  it  was  proved  beyond  ques¬ 
tion  that  Fowler’s  machine  was  capable  of  turning  over  the  soil  in 
an  efficient  manner  at  a  saving,  as  compared  with  horse  labour  on 
the  light  descriptions  of  land,  of  from  2£  to  25  per  cent. ;  and  on 
the  heavier  soils  of  25  to  50  per  cent. ;  and  in  trenching  of  from 
80  to  85  per  cent. ;  while  the  soil  in  all  cases  was  left  in  a  far  more 
desirable  condition  and  better  adapted  for  all  the  purposes  of  hus¬ 
bandry.  “  These  money  results,  the  judges  continue,  satisfactory 
though  they  be,  are  not,  we  consider,  the  only  points  of  advantage 
which  the  introduction  of  these  machines  confer  upon  agriculture. 
By  their  aid  we  can  carry  out  a  system  of  autumnal  cultivation  now 
so  universally  admitted  to  be  desirable,  but  which  it  is  extremely 
difficult  to  effect  with  the  ordinary  force  of  a  farm  in  ordinary 
seasons,  and  under  ordinary  circumstances.  We  can  continue 
our  cultivation  by  ploughing  or  otherwise,  well-nigh  regardless  of 
weather,  and  upon  land  which  would  not  bear  the  pressure  of  horse 
labour.  We  have  perfect  control  over  the  work  we  wish  to  have 
done  ;  and  when  it  is  done,  it  is  found  to  be  more  regular  through¬ 
out,  and  to  be  done  in  a  more  open  and  desirable  condition  than 
could  be  obtained  by  the  best  and  most  judicious  application  of 
the  ordinary  implements  of  a  farm.  These  are  points  which  we 
cannot  too  strongly  recommend  to  the  attention  of  those  interested 
in  the  advancement  of  agriculture.” 

The  judges  also  recommended  that  a  large  gold  medal  of  honour 
be  given  to  Messrs.  Howard  as  an  acknowledgment  of  the  merit 
of  the  mode  of  applying  steam-power,  invented  by  Smith,  and 
introduced  by  them  to  the  trial  field. 

The  following  year,  at  the  Warwick  meeting,  steam  ploughs  again 
entered  into  competition  in  the  trial  field,  and  again  Fowler  carried 
away  the  principal  prize. 

The  next  year’s  meeting  of  the  Royal  Agricultural  Society  was 
held  at  Canterbury,  where  much  interest  was  excited  by  the  trials 
of  steam-ploughs  and  cultivating  machines.  Five  competitors 
entered,  but  these  during  the  trials  were  practically  reduced  to  two. 
The  work  to  be  done,  and  the  tests  applied,  were  regarded  this  time 
with  more  attention  than  in  the  former  trials.  The  results,  how¬ 
ever,  were  equally  as  favourable.  After  three  days’  work  in  the 
first  set  of  “  trials  on  a  moderately  strong  loam,  having  an  indurated 
gravelly  subsoil,  the  surface  strongly  bound  together  by  the  growth 
of  indigenous  herbage,”  it  was  seen  that  the  land  was  efficiently 
ploughed  by  Fowler  at  the  rate  of  4s.  6d.  per  acre;  and  by  Roby 
&  Company  at  the  rate  of  6s.  8d.  per  acre;  while  the  dynamometer 
attached  to  one  of  Busby's  iron  ploughs  drawn  by  the  wire  rope, 
showed  an  average  draught  or  resistance  in  the  7X10  inch  furrow 


slice  of  692 ‘32  lbs.  more  than  equal  to  the  force  of  four  good  horses, 
moving  at  the  rate  of  2 ^  miles  per  hour. 

Cost  of  Working. —  This  average  draught,  taking  Mr.  Morton’s 
valuable  tabulated  calculations  as  the  standard  of  cost,  would  amount 
to  a  minimum  of  12s.  per  acre.  The  second  set  of  trials  took  place 
on  some  adjoining  land  where  the  soil  of  a  similar  character  had  not 
been  moved  certainly  for  many  years,  and  where  the  inclination  or 
slope  of  the  land  was  so  great — having  an  average  gradient  of  1  in  10, 
and  in  the  steepest  parts  1  in  4 — as  to  render  it  impossible  to  touch 
it  with  horse-labour  except  in  a  diagonal  direction.  The  draught  of 
the  furrow-slice  tried  in  the  same  way  as  before  showed  an  average 
resistance  of  1298  lbs.,  equivalent  to  the  traction  power  of  eight 
horses.  This  would  cost,  according  to  Morton’s  tables,  at  least  24s. 
per  acre;  and  indeed,  the  estimates  for  the  work  done,  given  by  the 
practical  farmers  on  the  field  were  from  30s.  to  36s.  per  acre, 
though  it  was  clearly  impossible  for  horse-labour  to  have  turned 
the  same  furrow  at  all.  The  results  of  the  day’s  work,  however, 
showed  that  Fowler’s  plough  did  it  efficiently  at  the  rate  of  six 
acres  per  day  (ten  hours),  and  at  a  cost,  including  everything,  of 
8s.  4d.  per  acre ;  and  that  Roby  &  Company’s  machine  worked  at 
the  rate  of  33  acres  per  day,  and  at  the  cost  of  11s.  8d.  per  acre. 
The  report  states  that  throughout  the  whole  of  the  trials  the  quality 
of  the  work  done  was  very  satisfactory.  This  point,  however  im¬ 
portant  though  it  be,  we  look  upon  as  secondary  to  the  more 
important  question  “  of  the  application  of  steam-power  to  the  culti¬ 
vation  of  the  soil,”  as  when  once  we  are  in  possession  of  a  well- 
arranged  system  of  steam-power,  we  can  make  use  of  any  form 
of  machine  or  implement  we  please,  to  act  upon  the  soil.  In  an 
appendix  to  their  report,  the  judges  recommend  that  the  future 
trials  of  steam-ploughs  should  be  of  more  prolonged  duration,  in 
order  to  give  them  that  practical  value  which  can  alone  satisfy  the 
public  as  to  the  great  advantages  they  possess. 

Acting  upon  this  recommendation  the  Council  of  the  Royal 
Agricultural  Society,  at  their  meeting  at  Leeds  last  year,  arranged 
to  keep  them  at  work  in  the  trial  fields  long  enough  to  show 
whether  they  could,  on  a  prolonged  trial,  sustain  the  character  they 
had  achieved  for  excellence  and  economy  of  work  at  former  meet¬ 
ings.  There  were  five  competitors,  including  one  on  the  “  rotary 
locomotive”  principle — Romaine’s.  As  on  former  occasions,  this 
number  was  speedily  reduced  to  two — Fowler  and  Howard — whose 
work  both  on  light  and  on  heavy  soils,  with  the  ordinary  working 
tackle  of  their  respective  systems,  and  also  with  the  arrangements 
prescribed  by  the  society  that  it  should  be  applicable  to  the  ordinary 
portable  farm  engine  not  exceeding  10  horse-power,  showed  that 
the  question  of  steam-ploughing  had  been  satisfactorily  answered  in 
every  shape  in  which  it  had  been  put;  whether  as  regards  quantity, 
quality,  or  economy  of  performance.  Here  we  find  both  competi¬ 
tors  set  to  work  to  plough,  and  also  to  cultivate  or  scarify.  The 
returns  show  that  on  the  heavy  land  the  ploughing  was  done  for 
7s.  10d.,  and  the  scarifying  for  7s.  2d.  per  acre,  by  Fowler;  and  at 
the  rate  of  17s.  2d.  for  ploughing,  and  6s.  8d.  per  acre  for  scarify¬ 
ing,  by  Howard.  On  the  light  land,  where  the  tackle  was  attached 
to,  and  driven  by,  an  ordinary  portable  engine,  we  find  that  Fowler 
grubbed  the  clover  ley  7  inches  deep,  at  a  cost  of  6s.  6d.  per  acre  ; 
Howard  doing  the  same  work  5|  inches  deep,  at  a  cost  of  5s.  3d. 
per  acre.  On  the  heavy  land,  the  clover  and  rye-grass  was  worked 
by  Fowler’s  grubber,  8  inches  deep,  at  a'  cost  of  6s.  9d.  per  acre, 
while  Howard’s  tackle  grubbed  it  5}  inches  deep,  at  the  cost  of 
6s.  2d.  per  acre.  The  judges  conclude  their  report  by  remarking 
that  the  land  selected  for  the  trials  was  in  every  respect  well  suited 
for  the  purpose.  It  was  so  far  varied  in  character  as  fully  to  test 
the  power  of  the  engines,  the  strength  of  the  tackle  and  implements, 
and  the  suitability  of  the  latter  for  the  various  operations  by  which 
the  tillage  of  the  soil  is  effected.  That  cultivation  by  steam-power 
is  destined  to  supersede  that  by  horse-power  to  an  enormous  extent, 
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can  scarcely  be  doubted  by  those  who  witnessed  the  trials.  On  very 
light  soils  cultivation  may  be  effected  at  perhaps  as  low  price  per 
acre  by  horse  as  by  steam  power;  but  we  think  it  an  error  to 
measure  the  advantages  of  the  two  systems  by  their  direct  relative 
costs.  It  is  the  time  and  manner  in  which  it  is  done  that  gives 
value  to  the  operation  ;  for  instance,  a  ploughing  or  scarifying  dur¬ 
ing  the  dry  autumnal  months  may  be  of  the  greatest  possible 
benefit,  whereas  the  same  operation  in  winter  might  be  a  positive 
injury.  But  as  farmers  can  never  command  a  sufficient  amount  of 
horse-power  for  the  busy  season,  they  must  then  be  dependent  on 
the  auxiliary  power  of  steam,  which  is  not  only  the  sole  auxiliary 
power  to  be  had,  but  will  also  be  found  the  cheapest  power,  even  on 
light  soils,  if  deep  cultivation  be  adopted.  On  all  well  drained 
land  furrows  will  be  obliterated.  These  not  only  cause  a  waste,  but 
offer  a  serious  impediment  to  the  well  working  of  reaping  and 
mowing  machines. 

PLOUGHS. — Ploughs  are  extremely  well  represented — all  the 
leading  manufacturers  contributing  their  best  and  most  approved 
makes.  Among  these  will  be  found  the  names  of  Ball  (2075),  Busby 
Implement  Company  (2038),  Gray  of  Uddingstone  (2121),  Hornsby 
and  Sons  (2130),  Howards  (2131),  Hunt  and  Pickering  (2135), 
Page  and  Company  (2161),  Ransomes  (2168).  The  general  excel¬ 
lence  of  this  class  of  implements  is  too  well  known,  both  at  home 
and  abroad,  to  need  any  lengthened  remarks.  The  grand  object 
sought  for  by  the  makers  is  strength  and  economy  of  construction 
and  lightness  of  draught,  and  all  the  improvements  of  the  last  five 
years  have  tended  in  that  direction. 

The  only  plough  that  need  be  specially  noticed  is  that  brought 
out  by  Messrs.  Hornsby  at  the  Warwick  meeting  of  the  Royal 
Agricultural  Society  in  1859,  when,  to  the  surprise  of  most  people, 
a  firm  which  had  never  before  included  ploughs  amongst  its  other 
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Hornsby’s  Plough. 

manufactures  competed  successfully  with  the  old  prize-takers,  and 
carried  off  the  highest  honour.  Since  then  the  plough  has  assumed 
a  leading  place  in  their  establishment,  and  is  now  pretty  generally 
seen  and  known  at  all  our  great  and  at  many  of  our  local  meet¬ 
ings.  Fig.  140  shows  its  general  appearance,  both  as  regards 
the  various  parts  and  their  form ;  while  Messrs.  Hornsby  claim 
the  following  as  its  leading  features  and  advantages  : — That  the 
beam,  handles,  and  frame  are  made  of  one  solid,  continuous  piece 
of  wrought-iron,  by  which  great  strength,  lightness,  and  dura¬ 
bility  are  obtained.  The  lower  neck,  also  of  wrought-iron,  is 
designed  not  onty  to  give  the  share  more  or  less  pitch,  but  also  to 
give  it  a  lateral  movement  more  to  the  land,  so  that  as  the  point  of 
the  share  wears  off  the  underside  or  on  the  land  side,  the  share  itself 
may  be  adjusted  to  meet  this  propensity,  or  even  to  suit  the  taste 
of  the  ploughman  for  cutting  more  or  less  under,  and  thus  give  a 
higher  curl  to  the  furrow  slice.  The  joint  is  spherical,  and  there¬ 
fore  capable  of  universal  movement,  and  at  the  same  time  so  fitted 


that  no  dirt  can  get  in  to  interfere  with  its  W’ork.  The  vertical  plate 
of  the  slipe  or  slide  is  longer  than  the  horizontal  or  sole  plate, 
the  advantages  of  which  are,  that  by  increasing  the  length  of  the 
vertical  plate  the  plough  is  rendered  less  liable  to  deviate  from  the 
straight  line  when  at  work ;  and  by  decreasing  the  length  of  the 
horizontal  or  sole  plate,  it  more  readily  follows  any  small  undulations 
of  the  soil,  and  makes  the  depth  of  the  furrow  more  regular.  The 
coulter  fastenings  admit  of  any  angle  being  given  to  the  slice,  while 
the  curve  of  the  mould  boards  is  of  such  a  shape  as  to  reduce  the 
average  friction  of  the  soil  to  be  turned  over  to  its  minimum. 
An  improvement,  too,  may  be  noticed  in  the  arrangement  of  the 
wheels  ;  instead  of  the  long  axle  ordinarily  used,  discs  are  employed 
to  resist  the  lateral  movement  of  the  wheels  when  travelling  over 
rough  surfaces.  These  admit  of  a  supply  of  lubricating  matter 
being  kept  in  contact  with  the  axis,  and  at  the  same  time  exclude 
all  dirt,  and  thus  lessen  friction. 

PARING  PLOUGHS. — There  are  several  exhibiters  of  implements 
coming  under  this  section.  Comyns  (2096),  shows  a  paring  plough; 
Hancock  (2124),  a  pulverizing  plough,  as  well  as  a  plough  for 
piercing  the  surface ;  Snowden  (2187),  another  on  the  same  prin¬ 
ciple,  &c. 

Samson  &  Jewell  of  Jersey  (2177)  exhibit  their  combined  paring 
and  breaking  cultivator,  in  lieu  of  the  skim  plough.  This  was  first 
introduced  at  the  Canterbury  meeting  of  the  Royal  Agricultural 
Society,  where  its  operations,  though  very  imperfect,  gave  evidence 
of  the  advantage  that  would  result  from  certain  alterations  in  its 
mechanical  arrangement.  At  Leeds  it  again  appeared,  and  now  we 
have  it  exhibited  on  a  larger  scale  of  construction,  and  adapted  for 
steam  traction.  It  is  in  the  form  of  a  stout  wrought-iron  frame  of 
an  oblong  rectangular  form,  across  which  a  beam  is  diagonally  fixed, 
to  which  are  attached  three  or  four  small  plough  bodies,  with  mould- 

boards,  shares,  &c., 
so  that  the  entire 
width  of  the  frame 
is  covered  by  these 
several  ploughs 
working  on  a  diago¬ 
nal  line  from  front  to 
rear.  A  small  shaft 
runs  parallel  with 
the  beams,  and  on 
this  shaft  are  keyed 
an  equal  number 
of  revolving  forks  or 
tines  of  any  desired 
shape,  placed  so  as  to 
operate  immediately 
in  front  of  the  plough 

beneath.  The  whole  frame  is  carried  on  a  pair  of  wheels,  with  a 
smaller  guide  wheel  in  front ;  means  are  provided  for  readily  regu¬ 
lating  the  depth  of  the  work  of  the  machine.  When  at  work  the 
driving  wheels  communicate  an  increased  rotation  to  the  shaft  carry¬ 
ing  the  rakes  or  tines,  which*  in  their  rapid  rotations  take  the  furrow 
slice  directly  it  is  separated  by  the  plough,  tear  it  to  pieces,  leaving 
the  soil  in  a  state  of  fine  tilth  with  the  weeds,  &c.,  lying  on  the 
surface.  This  combined  action,  representing  as  it  does  those  of  the 
plough,  grubber,  and  harrow,  is  clearly  better  suited  for  steam  trac¬ 
tion  than  for  horse  labour,  as  the  draught  of  such  a  machine,  covering 
such  a  width  of  surface,  and  working  to  the  required  depth,  must 
necessarily  be  very  great. 

HARROWS,  ROLLERS,  CULTIVATORS,  AND  GRUBBERS. — The 

various  forms  of  harrows,  rollers,  cultivators,  grubbers,  &c.,  are  very 
fully  exhibited,  and  represent  ail  the  improved  implements  at 
present  manufactured. 

In  the  second  division  the  class  of  drill  and  sowing  machines  of 
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various  kinds  and  for  various  purposes  is  well  represented.  .The 
only  point  to  be  remarked  is  the  increase  of  machines  for  depositing 
and  distributing  artificial  manures.  Nearly  all  the  firms  known 
for  this  description  of  machine  contribute  good  specimens  of  their 
make. 

HOES.  —  The  horse  hoes,  though  few  in  number  compared 
with  other  implements,  considering  the  important  services  they 
render  to  the  advanced  farmer,  are  well  represented.  The  limited 
demand  for  them  arises  in  a  great  measure,  no  doubt,  from  the 
absolute  necessity  for  the  land  to  be  well  cultivated  before  they  can 
be  rendered  available  to  the  farmer,  as  unless  his  crops  be  drilled 
in  a  business-like  and  regular  manner  the  use  of  the  horse  hoe  is  not 
likely  to  be  of  much  use  to  him,  especially  in  his  grain  crops,  where 
its  great  superiority  over  hand  work  is  shown  in  a  marked  degree. 
Horse  hoes  of  various  forms  are  shown  by  several  exhibiters. 
Garrett  and  Son  (2117),  and  Smith  (2185),  exhibit  their  well  known 
machines,  by  which  the  soil  may  be  hoed  to  any  depth  and  at  any 
intervals,  so  that  every  portion  of  the  surface,  even  between  the  drills 
of  a  sown  crop,  may  be  effectually  moved.  Garrett  and  Son  also  send 
their  new  form  of  horse  hoe,  invented  and  patented  by  Taylor.  This 
is  an  excellent  implement,  simple  in  its  arrangement  and  adapted  to 
every  method  of  drill  culture,  whether  on  the  ridge  or  on  the  level. 
The  axletree  being  movable  at  both  ends,  the  width  between  the 
wheels  can  be  increased  or  diminished  according  to  the  method  of 
planting,  so  that  the  wheels  may  be  made  to  travel  always  between 
the  rows.  Each  hoe  works  on  an  independent  lever,  by  which  means 
they  follow  any  irregularities  on  the  surface.  The  steerage,  which  in 
itself  is  very  simple,  consists  of  a  quadrant  gearing  into  a  rack,  and 
affording  a  ready  means  for  keeping  the  hoes  between  the  lines  of 
corn  or  other  crops,  with  extreme  exactitude.  The  hoes  admit  of 
a  simple  and  ready  adjustment,  so  as  to  suit  any  required  width 
between  the  cuts.  The  cutting  blades,  which  are  of  various  shapes 
and  sizes,  suitable  for  different  works,  are  of  steel,  and  attached 
by  several  bolts  and  nuts  to  the  stalks,  which  are  keyed  into  the 
levers.  The  blades  may  be  readily  shifted  by  an  ordinary  farm- 
labourer,  when  required  to  be  replaced  either  for  repairs  or  the 
requirements  of  work. 

Another  and  very  ingenious  form  of  horse  hoe,  adapted  for  thin¬ 
ning  turnips  cr  other  crops  planted  on  the  ridge,  deserves  a  passing 
notice.  It  is  made  and  exhibited  by  Eaton  of  Thrapstone  (2111), 
and  consists  of  a  light  framework  of  wrought-iron  carried  on  wheels, 
and  arranged  for  the  draught  of  a  pony.  A  skeleton  wheel  carry¬ 
ing  on  its  periphery  a  certain  number  of  cutting  blades  fixed  parallel 
to  its  own  surface,  is  placed  diagonally  to  the  line  of  traction,  and  is 
set  in  motion  through  a  simple  method  of  gearing  by  the  revolution 
of  the  carrying  wheels.  As  the  machine  passes  up  the  drills  the 
wheel  with  the  cutters  travels  in  a  line  immediately  over  the  plants, 
and  in  its  rotations  cuts  away  the  plants  on  the  surface,  the  inter¬ 
vals  between  the  several  cutters  being  so  arranged  as  to  leave  a 
certain  space  in  each  revolution  untouched  by  the  machine.  The 
cutters  are  keyed  firmly  on  the  wheel  and  cannot  be  altered,  but  the 
rate  of  speed,  and  consequently  the  interval  between  the  cuts,  can 
be  regulated  by  shifting  the  spindle  from  one  part  to  the  other  of 
the  central  grooved  moving  wheel,  which  is  of  a  conical  shape,  and 
cogged  at  three  different  parts  of  its  diameter,  thus  giving  out  three 
different  rates  of  speed,  and  enabling  the  cutters  to  work  at  different 
intervals.  A  very  simple  arrangement  exists  by  which  the  cutters 
can  be  lifted  up  so  as  to  pass  over  any  thin  places  that  may  be  met 
with  in  the  drills,  and  the  gearing  admits  of  its  being  worked  on  the 
flat  as  well  as  on  the  ridge. 

The  third  division  contains  a  description  of  machine  which  each 
year  increases  in  importance  to  us.  The  reaping  machine  which 
was  introduced  to  general  notice  in  1851,  now  finds  a  place  in  the 
catalogue  of  most  of  our  leading  manufactures.  The  numerous 
specimens  exhibited  testify,  by  their  improved  make  and  altered 


arrangements,  to  the  care  and  skill  that  have  been  bestowed  upon 
them  since  the  last  Exhibition. 

REAPING  MACHINES. — In  this  Division  we  find  all  the  different 
machines  and  implements  used  for  harvesting  purposes.  The  fore¬ 
most  and  most  important  of  them  is  the  reaping  machine,  witli  which 
we  were  first  made  acquainted  at  the  Great  Exhibition  of  1851. 
Even  then  it  excited  but  little  attention  at  first,  and  was  wellnigh 
passed  by  unnoticed.  When  the  attention  to  it  of  the  jury  was 
at  length  obtained,  it  wras  criticized,  examined,  and  finally  sent  to 
the  field  for  trial,  when  its  merits  were  speedily  acknowledged  and  its 
inventor  rewarded  with  the  highest  honour  the  jury  could  bestow 
— a  Council  Medal.  This  event  caused  no  little  excitement  in  the 
agricultural  world,  as  nobody  could  question  that  a  machine  which 
would  efficiently  represent  hand  labour  in  the  harvest  field  would 
be  a  great  boon  to  the  farmer ;  for  in  all  field  operations,  despatch, 
especially  in  a  changeable  climate  like  ours,  is  a  matter  of  great 
importance.  Indeed  in  some  seasons  the  last  process  of  maturation 
is  so  rapid,  that  it  rarely  happens  that  a  farmer  can  obtain  strength 
enough  to  cut  all  his  crop  at  the  precise  time  he  would  desire,  with¬ 
out  taking  it  from  other  operations  which  are  perhaps  of  equal 
importance,  and  must  equally  suffer  from  delay.  Another  point  to 
which  equal  consideration  must  be  attached  is  the  more  efficient 
and  economical  manner  in  w'hich  the  work  is  done  by  a  machine 
than  by  hand  labour.  Under  the  ordinary  circumstances  of  our 
harvests  we  cannot  estimate  the  average  cost  of  labour  for  cutting, 
binding,  and  stooking  at  less  than  ten  shillings  per  acre,  whereas  by 
the  use  of  the  reaping  machine  the  same  work  may  be  done  for  from 
three  shillings  to  three  shillings  and  sixpence  per  acre.  The  advan¬ 
tages  exhibited  by  the  machines  at  the  trials  that  took  place  before  the 
jury  were  so  evident,  that  they  were  at  once  taken  up  by  the  public, 
and  orders  in  the  ensuing  season  were  showered  down  upon  the 
manufacturers  who  were  fortunate  enough  to  secure  the  right  of 
sale.  Since  that  time,  though  various  small  mechanical  improve¬ 
ments  have  been  effected,  no  great  change  in  the  principle  of  con¬ 
struction  has  taken  place.  They  have,  however,  found  their  way 
gradually  into  every  district  of  the  country,  and  now  hardly  a  parish 
exists  in  which  they  have  not  been  seen  at  work.  Although  it  is 
only  just  eleven  years  since  public  attention  was  directed  to  them  in 
Hyde  Park,  about  ten  thousand  machines  have  been  turned  out  by 
the  different  manufacturers,  which,  with  the  small  exception  of  those 
supplied  to  the  Continent,  have  met  with  a  ready  sale  at  home. 

It  would  be  difficult  to  point  to  the  introduction  of  any  important 
agricultural  machine  which  was  so  readily  received  by  the  public  at 
large  as  the  reaping  machine  was  in  1851 ;  and  yet  if  we  endeavour 
to  trace  its  history  and  look  back  to  earlier  records  we  find  that, 
although  strange  to  us,  it  was  by  no  means  a  mere  conception  but 
had  indeed  been  transmitted  to  us  from  the  earliest  periods  of  agri¬ 
cultural  knowledge,  and  been  revived  at  various  times  when  the  cir¬ 
cumstances  of  the  country  or  of  some  enthusiastic  inventor  appeared 
to  favour  its  introduction. 

ROMAN  REAPER. — The  Romans  appear  to  have  been  the  first 
to  substitute  mechanical  for  manual  labour  in  the  harvest  field,  a 
description  of  which  is  given  by  Pliny  (a.  d.  23). 

As  Palladius  (a.d.  391)  gives  us  a  similar  though  more  detailed 
account  of  this  machine  we  may  infer  that  its  use  had  been,  under 
suitable  conditions,  continued  in  the  Roman  territories  through,  at 
all  events,  the  past  four  centuries.  It  is  from  this  description  that 
the  diagram  illustration,  Fig.  141,  has  been  drawn — “  In  the  Gallic 
lowlands,”  says  Palladius,  “  they  employ  a  more  expeditious  mode  of 
reaping,  requiring  in  addition  to  the  labour  of  men  the  assistance  of 
an  ox  to  each  machine  during  the  whole  of  the  harvest  time.  A  cart 
is  constructed  which  is  moved  on  two  short  wheels.  The  bottom  of 
it,  which  is  rectangular  in  form,  is  protected  at  the  side  by  boards  slop¬ 
ing  outwards,  so  that  the  upper  part  of  the  vehicle  is  wider  than  the 
lower.  The  boards  in  front  of  the  cart  are  lower  than  the  rest.  At 
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that  part  a  great  number  of  teeth  curved  upwards  are  arranged  in 
a  row,  at  intervals  adapted  to  the  size  of  an  ear  of  corn.  Behind 
this  cart  two  very  short  shafts  are  fastened  like  the  poles  of  a  ‘  bas- 
terna.’  To  these  an  ox  is  yoked,  and  harnessed  with  his  head 
turned  towards  the  cart.  The  animal  must  be  well  broken  in,  so 
as  not  to  exceed  the  driver’s  pace.  When  he  proceeds  to  drive  the 
vehicle  through  the  standing  corn,  all  the  ears  are  caught  by  the 
teeth  and  fall  in  a  heap  into  the  cart,  the  broken  stems  remaining 
behind.  The  driver,  who  should  follow  the  cart,  regulates  the  eleva¬ 
tion  or  depression  of  the  teeth  frame,  and  thus  by  a  few  courses 
backwards  and  forwards  the  whole  crop  is  gathered  in  the  space  of 
a  few  hours.  This  system  is  advantageous  in  open  and  level  countries, 
and  in  places  where  the  straw  is  not  much  required.” — Pulladius , 
lib.  vii.,  tit.  2. 

We  find  no  mention  made  of  any  attempt  at  a  reaping  machine 
in  this  country  until  towards  the  close  of  the  last  century,  when 


the  defects  which  he  had  discovered  in  its  working,  enlarged  its  size, 
and  with  one  horse,  instead  of  two  men,  he  cut  successfully  several 
acres  of  his  crops.  He  exhibited  it  in  work  before  the  Dalkeith 
Farmers’  Society,  whose  report  states,  “  that  the  corn  was  well  and 
satisfactorily  cut,  but  not  laid  with  sufficient  regularity.”  The  fol¬ 
lowing  harvest  the  machine  again  appeared  with  improvements  and 
increased  power  ;  and  with  two  horses  and  a  driver,  it  was  again 
tested  before  the  Dalkeith  Society,  who  now  reported  that  the  corn 
was  better  laid,  but  imperfectly  cut.  In  1814  certain  alterations 
were  made,  which  improved  its  action  greatly;  and  in  the  next 
year,  Smith's  perseverance  and  ingenuity  were  rewarded  by  several 
very  successful  trials,  some  of  which  were  in  the  presence  of  a 
committee  of  the  Highland  Society,  who  reported  most  favourably 
of  its  operation  ;  and  as  an  acknowledgment  of  their  opinion  of 
Smith’s  ability  and  skill,  a  piece  of  plate  of  the  value  of  fifty  guineas 
was,  on  their  recommendation,  presented  to  him.  In  these  trials  a 


Fig.  141. 


Roman  Reaper. 


Arthur  Young  in  his  “Annals  of  Agriculture”  (1785),  speaks  of 
one  invented  by  Mr.  Capel  Lloft  of  Bury,  whose  attention  appears 
to  have  been  drawn  to  the  subject  by  a  premium  offered  in  1780  by 
the  Society  of  Arts  for  a  machine  to  answer  the  purpose  of  reaping 
the  various  grain  crops.  Curiously  enough,  Mr.  Lloft  conceived  a 
machine  similar  in  its  form  and  construction  to  that  of  the  Romans, 
and  was  greatly  surprised  when  that  was  made  known  to  him. 

From  this  time  up  to  the  date  of  the  Hyde  Park  Exhibition 
inventors  appeared  from  time  to  time,  though  none,  with  perhaps 
the  exception  of  Smith  of  Deanston  and  Bell  of  Carmylie,  ever 
carried  their  inventions  successfully  into  the  field.  These  two 
gentlemen,  though  adopting  quite  different  methods  of  construction, 
were  clearly  the  pioneers  of  reaping  by  machinery  in  this  country, 
and  are  fully  entitled  to  our  honourable  consideration.  Smith  was 
an  engineer  of  high  standing,  and  withal  a  keen  and  observant  farmer. 
His  first  attempt  was  at  the  harvest  of  1811,  when  he  worked  his 
machine  by  manual  power.  In  the  next  year’s  harvest  he  remedied 


Scotch  acre  (=  1 -25  imperial  acres)  of  beans  was  cut  in  one  hour  and 
a  quarter.  Satisfactory  trials  were  also  made  with  wheat  and  oats, 
which  were  cut  and  laid  with  perfect  regularity  at  right  angles  to 
the  path  of  the  machine.  From  this  time  up  to  1835  Smith’s 
machine  was  tested  occasionally  in  the  different  harvests,  and 
various  small  improvements  from  time  to  time  introduced.  In 
that  year  the  Highland  Society  held  its  great  meeting  at  Ayr,  and 
the  improved  machine  was  again  brought  out  and  exhibited  with 
remarkable  success.  Its  operation  was  shown  on  a  field  of  wheat, 
and  is  thus  described  in  the  official  record  of  the  Meeting : — 
“  The  operation  began,  not  on  the  outside,  but  in  the  middle  of  the 
field,  through  which  the  machine  left  behind  an  open  lane,  where 
nothing  was  observable  but  a  closely-shorn  stubble,  the  cut  corn 
being  all  laid  down  on  one  side  against  the  standing  corn.  Never, 
perhaps,  did  an  experiment  come  off  with  better  effect  or  with 
greater  success.  The  general  impression  was  that  the  problem  had 
at  last  been  solved — that  Smith’s  machine  was  complete.”  Not 
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such,  however,  was  the  fact ;  for,  notwithstanding  the  success 
and  striking  effect  of  that  day’s  trial,  the  machine  remained,  and  to 
this  day  remains,  without  any  further  advancement.  The  only 
recompense  the  able  and  persevering  inventor  received,  was  from 
the  pleasure  it  afforded  him  to  show  his  machine  at  work  on  his 
farm  at  Deanston  to  those  who,  at  every  harvest  time,  visited  his 
remarkable  works. 

Mr.  Bell,  though  later  in  the  field  as  an  inventor,  and  having 
to  contend  against  well-nigh  equal  difficulties  at  the  outset,  has 
had  the  satisfaction  of  seeing  his  invention  acknowledged  and 
adopted  throughout  the  length  and  breadth  of  the  country.  His 
first  machine  was  made  in  1826,  for  which  he  received  a  reward 
of  .€50  from  the  Highland  Society;  and  in  the  harvest  of  1828  he 
exhibited  it  in  the  field  at  Powrie  in  Forfarshire,  before  a  large 
meeting  of  practical  farmers,  who  testified  to  the  ease  and  excellence 
of  its  work.  In  the  harvest  of  the  following  years  it  kept  its  place 
in  the  field,  receiving,  from  time  to  time,  improvements  in  its 
working  details,  but  making  no  progress  beyond  the  limits  of  its 
inventor’s  home. 

Matters  stood  thus  until  the  Exhibition  of  1851.  Most  of  the 
numerous  inventions  that  we  find  recorded  in  the  annals  of  the 
Patent  Office  never  reached  the  field  at  all.  Some  few  were 
tried,  and  failed.  Smith  carried  his  successfully  through  several 
harvests,  and  only  gave  it  up  under  the  pressure  of  more  im¬ 
portant  occupations;  while  Bell’s,  though  confined  to  its  immediate 
home,  continued  plodding  its  way  from  harvest  to  harvest,  and 
biding  its  time  until  some  circumstance  should  arise  which  should 
give  it  its  proper  position  in  the  auxiliary  resources  of  the  farm. 
This  circumstance  was  long  in  coming ;  for  it  was  not  until  the 
Great  Exhibition  in  Hyde  Park  that  the  general  public  were  aware 
that  such  a  machine  was  in  existence  at  all,  much  less  that  it  had 
ever  been  thought  of  in  this  country  ;  and  even  then  when,  thanks 
to  the  Americans,  an  opportunity  was  afforded  of  seeing  working 
machines  in  the  building,  they  were  looked  upon  at  first  with  sus¬ 
picion,  and  but  little  disposition  was  shown  to  test  their  services  in 
the  field.  The  trials  which  took  place,  however,  speedily  dispelled 
the  doubts  and  disadvantages  that  were  before  so  generally  enter¬ 
tained — the  success  of  their  introduction  was  complete.  Since 
then  numerous  modifications  of  the  original  machine  have  been 
brought  before  us,  and  the  trials  that  have  taken  place  at  the 
annual  meetings  of  the  great  agricultural  societies  have,  from 
year  to  year,  testified  to  the  improvements  exhibited  in  their  con¬ 
struction  and  operation  on  the  field.  With  the  manifest  general 
advantages  which  reaping  machines  must  confer  upon  an  agricul¬ 
tural  community  at  large,  the  question  naturally  presents — How  is 
it  that,  although  these  machines  had  been  known  some  forty  years, 
nay,  had  been  in  practical  use  in  this  country  for  some  twenty 
years  past,  they  had  not  become  more  generally  known,  hardly, 
indeed,  beyond  the  limits  of  the  homes  of  their  respective  inventors  ? 
The  reason  is  probably  twofold  :  the  imperfect  construction  and 
arrangement  of  the  earlier  attempts  at  once  arrested  their  existence ; 
and  even  when  the  more  recent  machines  appeared,  although 
more  perfect  in  their  mechanical  appliances,  the  condition  of  agri¬ 
culture  generally  was  not  sufficiently  advanced  to  render  their  con¬ 
tinued  application  successful  or  their  advantages  readily  appreciated. 
It  is  evident  that  they  appeared  before  their  time.  Such  machines 
could  only  follow  good  farming.  Thorough  draining,  levelling  of 
ridges,  clearing  away  hedge-rows,  and  enlarging  fields  were  all 
needed  to  remove  the  obstacles  to  their  successful  application.  When 
these  machines  reappeared  among  us  at  the  Exhibition  of  1851, 
they  found  these  necessary  conditions  already  in  active  progress  in 
the  country,  and  have  by  the  advantages  they  have  conferred, 
aided  us  materially  since  then  in  carrying  them  out  over  the  length 
a  id  breadth  of  the  land.  The  class  is  well  represented  in  the  Exhi¬ 
bition — reaping  machines  being  exhibited  by  no  less  than  twelve  firms. 


The  machine  exhibited  by  Bell  (2081)  is  a  direct  descendant  of 
the  original,  improved  by  the  practice  of  several  years.  It  differs 
from  the  others  in  the  mode  in  which  the  motive  force  is  applied : 
in  this  it  is  by  direct  central  propulsion  from  behind,  in  all  the  others 
the  power  is  applied  at  the  side  in  the  ordinary  traction  manner. 
An  endless  band  receives  the  cut  corn,  which  is  deposited*  in  a 
continuous  swathe  on  either  side  of  the  machine,  while  an  arrange¬ 
ment  is  made  for  gathering  the  swathe  up  into  bundles  sufficient  for 
a  sheaf  by  means  of  a  long-tined  rake  projecting  from  the  side.  This 
rides  along  the  surface  of  the  stubble,  collects  the  cut  corn,  and  drops 
it  in  a  heap  as  soon  as  the  rake  is  full. 

Another  machine  on  this  principle  is  exhibited  by  the  Trustees  of 
W.  Crosskill  (2102).  The  machine  is,  like  the  preceding  one, 
propelled  before  the  horses,  and  can  be  as  readily  and  as  nicely 
steered  as  by  the  ordinary  side  draught.  It  has  also  this  great 
advantage  over  the  other  form  of  construction,  as  the  machine  cuts 
its  own  path  into  the  standing  crop  in  any  desired  direction;  while 
it  is  necessary  to  send  a  man  into  the  field  to  cut  a  swathe  equal 
to  the  width  of  the  reaper  before  a  machine  on  the  side  draught 
construction  can  begin  to  work.  The  original  scissor-shaped  knife 
of  Bell  is  no  longer  used — the  shorter  serrated-edged  knife  being 
substituted  for  it.  This  is  worked  on  the  reciprocating  principle, 
and  great  care  has  been  taken  to  make  the  different  parts  of  the 
machine  harmonize  both  in  speed  of  motion  and  in  the  relative 
strength  of  their  several  parts,  all  of  which  admit  of  ready  adjust¬ 
ment  to  suit  the  ever-varying  conditions  of  the  crops,  the  sur¬ 
face,  and  the  seasons.  The  two-liorse  machine  exhibited  takes 
a  cut  of  5  feet  9  inches  wide  ;  and  the  three-horse  machine  a  cut  of 
8  feet  3  inches.  On  large  farms  this  machine  readily  gets  over  from 
twenty  to  thirty  acres  without  needing  a  change  of  horses. 

The  Archimedean  reaper  exhibited  by  Burgess  &  Key  (2086),  and 
of  which  a  woodcut  is  given,  Fig.  142,  is  too  well  known  to  need  a 
detailed  description.  It  is  on  the  side  traction  principle,  the  cutting 
arrangements  being  a  serrated-edged  knife  with  a  reciprocating 


Fig.  142. 


Burgess  &  Key’s  Reaper. 


movement.  The  standing  corn  is  brought  up  to  the  face  of  the 
knife  by  a  reel  or  fan  revolving  at  a  slow  speed,  and  when  cut  is 
received  on  large  wooden  rollers  with  deep  metal  spiral  flanges 
which  are  set  in  motion  as  the  machine  travels,  and  receive  and 
deliver  the  cut  corn  in  a  swathe  at  the  side.  These  machines 
have  been  very  extensively  used;  a  large  number  are  distributed 
throughout  the  country,  and  the  numerous  and  satisfactory  reports 
of  their  performance  on  the  field  testify  to  their  practical  value. 

This  machine  may  be  taken  as  the  representative  of  M'Cormick’s 
principle  of  construction,  while  the  succeeding  one  is  that  known 
as  Hussey’s. 

In  the  machine  exhibited  by  Dray  (2109)  a  tilting  platform 
receives  the  cut  corn.  This  may  be  readily  lifted  by  the  foot  of 
the  driver,  and  thus  lets  the  cut  corn  collected  on  it,  slide  off  behind, 
in  a  quantity  sufficiently  large,  to  be  collected  and  made  up  into  a 
sheaf. 
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Kemp  and  Murray  exhibit  (2140)  a  machine  with  a  similar 
arrangement  of  the  tilting  board. 

The  machine  patented  by  Bamlett,  and  exhibited  by  Picksley,  Sims, 
and  Company  (2164),  brings  with  it  the  reputation  of  having  gained 
the  first  prize  at  the  last  trial  of  reapers  at  the  Royal  Agricultural 
Society’s  show  at  Leeds  last  year.  It  is  constructed  on  the  Hussey 
principle,  with  a  plain-edged  knife  of  a  triangular  form,  strongly 
backed  up  and  kept  to  its  work  by  a  stout  frame,  so  as  to  insure 
evenness  and  ease  of  cut.  The  cutter  bar  has  a  three- inch  throw, 
and  the  vibrations  in  every  foot  advanced  are  about  six.  In  addi¬ 
tion  to  the  usual  wheels,  a  third  wheel  of  small  diameter  is  placed 
immediately  beneath  the  base  of  the  shafts,  which  protects  the  knives 
from  the  furrow  sides,  and  regulates  their  rise  and  fall.  A  mechanical 
contrivance  exists  for  throwing  the  knife  instantly  out  of  gear,  as 
also  a  ratchet  motion  for  raising  and  lowering  the  platform  just 
beneath  the  rakeman.  The  platform  is  divided,  the  back  part 
beiug  attached  to  a  hinge,  and  suspended  by  an  elastic  band.  Thus 
when  the  load  of  the  cut  corn  overcomes  a  certain  resistance  opposed 
to  it,  it  falls  over  at  back,  and  the  labour  of  the  raker  is  materially 
diminished.  It  takes  a  cut  of  5  feet  3  inches,  and  is  worked  by 
two  horses  at  length.  The  report  of  the  judges  at  the  trials 
testify  to  the  quality  of  the  work  done,  and  to  the  lightness  of 
draught  of  the  machine  when  at  work. 

At  the  same  meeting  the  machine  exhibited  by  Cuthbert  (2104) 
received  the  second  prize.  In  the  construction  of  this,  however, 
we  have  nothing  to  particularize.  It  is  a  good  serviceable  machine, 
and  made  at  a  moderate  price. 

Fig.  143. 


Ransomes’  Self-raking  Reaper, 

Messrs.  Ransomes  (2168)  exhibit  a  machine  with  a  self-delivering 
arrangement,  Fig.  143,  consisting  of  a  series  of  alternating  “  rakes 
and  gatherers”  attached  to  an  upright  shaft,  having  a  free  ascending, 
descending,  and  horizontal  motion.  The  object  of  the  gatherers 
which  alternate  with  the  rakes,  is  to  bring  the  corn  up  to  the  knife, 
and  thus  facilitate  the  cutting.  These  rakes  are  followed  by 
leaving  five  feet  space  behind  them  and  the  standing  corn,  which 
lay  off  the  cut  corn  from  the  platform  in  sheaves.  The  “  gatherers” 
do  not  in  their  sweep  approach  much  within  a  foot  of  the  platform, 
while  the  “  rakes”  come  close  to  it.  Only  one  man,  the  driver,  is 
needed  to  work  the  machine,  which,  owing  to  the  lightness  of  its 
draught,  about  7£  cwt.,  is  readily  drawn  by  two  horses. 

A  machine  of  generally  the  same  construction  is  also  exhibited 
by  Samuelson  (2178). 


The  only  other  machine  to  be  noted  is  that  exhibited  by  Rowley 
(2173),  which  is  entered  as  a  combined  reaping,  mowing,  and  hedge¬ 
clipping  machine.  This  latter  portion  of  its  duties  is  effected  by 
having  the  knife  frame  jointed  at  the  end  near  the  crank,  by  which 
it  can,  when  the  hind  platform  is  removed,  be  tilted  up  to  any 
required  angle,  a  chain  or  rod  and  hook  keeping  it  in  its  place.  In 
this  form  it  is  brought  against  the  side  of  the  hedge  to  be  cut, 
motion  being  given  to  the  machine  and  to  the  knife  in  the  usual  side- 
draught  manner.  T  his  would  no  doubt  act  very  efficiently  when 
the  field  on  both  sides  of  the  hedge  was  regular  and  flat ;  but  as  a 
ditch  of  somewhat  irregular  dimensions  is  usually  found  either  on  one 
or  on  both  sides,  its  services  appear  likely  to  be  rather  circum¬ 
scribed. 

HAY-MAKING  MACHINES. — The  hay-making  or  tedding  ma¬ 
chines  are  exhibited  by  Boby  (2082),  Howard  (2131),  Ashby  (2072), 
Nicholson  (2158),  Ransomes  &  Sims  (2168).  The  only  novelty 
in  their  general  arrangement  is  in  that  exhibited  by  Roby,  in  which 
the  teeth  or  tines  are  nearly  straight  in  form,  and  made  of  oval  iron, 
with  the  ends  drawn  out  in  a  broad  chisel-shape,  thereby  rendering 
the  backward  action  equally  effective  as  the  forward.  In  the  ordi¬ 
nary  mode  of  construction  the  grass  cannot  be  turned  over  by  the 
reversed  motion.  The  arrangements  for  reversing  the  motion  from 
forward  to  backward  is  very  simple  and  efficient,  consisting  merely 
of  a  double  pinion  which  can  readily  and  quickly  be  drawn  in  or  out 
by  the  driver.  Some  credit  is  due  to  these  machines  as  having  been 
devised,  and  at  first  constructed,  by  a  practical  farmer  before  they 
were  handed  over  to  the  present  manufacturers.  All  the  machines 

exhibited  are  excellent 
specimens  of  their  class, 
and  show  throughout  great 
mechanical  skill,  com¬ 
bined  with  various  con¬ 
trivances  for  reducing 
draught  and  the  wear  and 
tear  of  the  working  parts 
of  the  machine. 

HORSE  RAKES.— These 
implements  are  well  re¬ 
presented  by  several  of 
the  leading  firms.  In  them, 
too,  we  see  a  marked  ad¬ 
vance  in  their  mechanical 
arrangements.  Wrought- 
iron  is  now  seen  where 
cast-iron  was  forme  r’y 
used,  and  steel  has  in 
several  of  them  been  sub¬ 
stituted  for  wrought-iron 
in  the  manufacture  of  the 
curved  teeth  or  tines.  The 
machine  thus  has  been 
greatly  reduced  in  weight  and.  draught,  and  at  the  same  time 
increased  in  strength  and  durability.  Messrs.  Ransome  exhibit 
one,  Fig.  144,  on  a  much  larger  scale  than  those  usually  met  with 
on  our  farms.  Although  it  covers  a  great  width  of  land  and  the 
driver  is  carried  on  the  machine,  his  weight  being  by  a  simple  lever 
arrangement  made  use  of  as  power  to  work  the  rakes  clear  when 
required,  the  draught  is  not  more  than  sufficient  for  an  ordinary 
farm  horse.  It  is  chiefly  intended  for  the  colonies  or  foreign 
countries,  for  which  the  simplicity  of  arrangement  and  strength  of 
construction  well  adapt  it. 

BARN  MACHINERY. — In  the  Fourth  Division,  which  comprises 
the  applications  of  “  prime  movers,”  we  are  not  very  well  repre¬ 
sented.  Of  steam  engines  we  have  an  excellent  collection  from  each 
of  our  leading  makers.  Of  horse  mills  Barrett  &  Exall  are  the 
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principal  exhibiters,  while  water  and  wind  power  machines  are 
totally  unrepresented.  The  former  could  hardly  perhaps  have  been 
shown  satisfactorily  except  by  models ;  but  the  well  arranged  wind 
power  on  Zahn’s  principle  ought  not  to  have  been  absent,  as  under 


farm  work,  the  evil  consequences  attending  it  may  be  avoided 
by  frequent  cleaning.  In  comparing  this  form  of  boiler  with  the 
ordinary  locomotive  boiler,  it  has  been  shown  by  experience  that 
tlio  principal  deposit  takes  place  in  parts  of  the  boiler  where  it 


Fig.  144. 


Ransomes’  Horse  Rake. 


certain  conditions  and  for  certain  purposes  it  is  clearly  a  very  useful 
as  well  as  economical  source  of  power. 

STEAM  ENGINES. —  Steam  engines,  fixed  and  portable,  of  all 
sizes  and  adapted  to  all  purposes,  are  exhibited  by  Aveling  (2073), 
Barrett  &  Exall  (2078),  Brown  &  May  (2085),  Burrell  (2087), 
Clayton  &  Shuttleworth,  (2094),  Garrett  &  Son  (2117),  Holmes 
&  Sons  (2129),  Hornsby  &  Sons  (2130), 

Humphries  (2134),  Ransomes  &  Sims 
(2168),  Ruston,  Proctor,  &  Co.  (2175), 

Turner  (2194),  Tuxford  &  Sons  (2195), 
and  Wallis  &  Haslam  (2199).  In  the 
construction  and  arrangement  of  each 
of  these  some  points  of  difference  may 
no  doubt  be  noticeable,  and  upon  these 
their  success  in  the  trial  field,  which 
determines  their  character  and  value  in 
the  market,  of  course  mainly  depends. 

The  only  portable  steam-engine  for 
ordinary  purposes  which  we  need 
specially  allude  to,  where  so  many  are 
shown  and  all  are  so  good,  is  that 
exhibited  by  Messrs.  Ransomes  &  Sims 
(2168),  with  Biddell  &  Bath’s  patent 
boiler.  This  improved  form  of  boiler 
is  so  constructed  that  the  fire-box,  tubes, 
and  tubeplate,  can  be  taken  out  all  in 
one  piece  and  readily  replaced  again  in 
its  working  position.  The  accompany¬ 
ing  diagram,  Fig.  145,  shows  the  boiler 
under  this  condition,  which  is  effected 
by  using  screws  and  bolts  instead  of 
rivets  for  the  connection  of  the  above-mentioned  parts  with  the 
shell  of  the  boiler,  the  surfaces  making  the  steam-tight  joints  being 
faced.  The  advantages  claimed  for  this  form  of  boiler  are— great 
facility  for  inspection ,  cleaning,  and  repairs — so  that  when  circum¬ 
stances  compel  the  use  of  bad  water,  so  frequently  the  case  in 


does  the  least  amount  of  injury,  and  not  in  the  parts  immediately 
exposed  to  the  action  of  the  fire.  Wood  or  peat  can  be  used 
for  fuel  purposes  as  well  as  coal,  and  being  set  higher  from  the 
ground  the  engines  travel  better  over  rough  roads.  An  arrange¬ 
ment  can  be  made  for  heating  the  feed- water  in  the  smoke-box. 
This  adds  to  the  first  cost,  but  economizes  the  power. 

Fig.  145. 


Ransomes’  Boiler. 

The  engines  exhibited  by  Tuxford  and  Sons  (2195)  fully  support 
the  well-earned  character  of  the  firm  in  this  description  of  machinery. 
At  the  great  Exhibition  of  1851  they  received  a  prize  medal,  and  have 
held  their  position  in  the  front  rank  of  the  trial  fields  of  the  different 
societies  since  that  period.  Their  construction  differs  from  the  ordi- 
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nary  form  by  having  the  cylinders  vertical  instead  of  horizontal,  and 
having  the  working  parts  inclosed  in  a  chamber  at  the  end  of  the 
boiler,  whereby  radiation  is  prevented  and  friction  avoided  by  the 
parts  being  kept  free  from  dust.  At  the  same  time  they  are  preserved 
from  being  injured  by  the  ignorance  or  wilfulness  of  those  intrusted 
with  their  charge. — An  entirely  new  form  of  engine  (Fig.  146)  has 
been  constructed  by  the  same  firm  for  “  locomotive  ”  as  well  as  for 


the  general  purposes  of  the  farm.  It  is  simple  in  its  arrangements, 
can  be  steered  with  great  facility,  will  turn  readily  to  either  side, 
and  can  have  its  motion  reversed  instantaneously  and  be  made  to 
run  backward  at  the  desire  of  the  driver.  It  is  stated  to  be  capable 
of  ascending  any  moderate  gradient ;  to  draw  a  load  equal  to  a  ton 
per  horse-power  of  the  engine  along  a  fair  road  or  over  hard  ground 
at  the  rate  of  three  or  four  miles  per  hour.  When  no  load  is 
required  to  be  attached,  the  engine  travels  at  a  proportionably  higher 
speed — from  eight  to  ten  miles  have  been  accomplished  in  the  hour 
along  the  ordinary  highroads.  It  is  fitted  with  coal-bunker  and 
water  tank,  and  also  with  a  winding  drum  for  a  drawing  rope,  so 
that  in  very  abrupt  ascents  or  other  retarding  difficulties,  where  the 
power  of  the  engine  is  absorbed  in  overcoming  the  same,  and  where 
horses  would  be  unable  to  draw  loads,  the  engine  can  be  detached 


Fig.  147. 


Tuxford  &  Sons’  Locomotive  and  Thrashing  Machine. 


from  its  load  and  run  forward ;  the  propelling  gear  can  then  he  thrown 
out  of  action,  and  a  rope  run  out  extending  from  the  engine  and 
secured  to  the  load.  The  engine  being  thus  for  a  time  stationary, 
its  power  is  applied  to  winding  up  the  rope,  and  thus  drawing  the 
load  towards  itself.  It  is  equally  applicable  to  general  farm  pur¬ 
poses,  and  will  convey- a  portable  thrashing  machine,  Fig.  147,  and 
the  necessary  labour  at  a  speedy  rate  from  farm  to  farm,  and  supply 


the  power  to  drive  it  when  at  its  work,  thus  saving  the  delay  and 
expense  of  horse  transport. 

AVELING'S  LOCOMOTIVE. — In  this  locomotive  engine,  which  is 
illustrated  by  Plate  6,  the  cylinder  is  placed  on  the  forward  part 
of  the  boiler,  surrounded  by  a  steam  jacket,  at  the  top  of  which  is 
placed  the  stop  valves,  as  shown  in  the  sectional  details  (Figs.  2 
and  3).  Priming  in  exceeding  steep  inclines  is  prevented,  and  the 
use  of  steam  pipes  either  inside  or  outside  of  the  boiler 
is  avoided.  In  constructing  the  boiler  the  shell  is 
carried  straight  through,  without  the  usual  breaks 
known  as  the  fire  box,  boiler,  and  smoke  box  ;  by  this 
arrangement  valuable  steam  space  is  obtained,  and 
the  use  of  angle-iron  dispensed  with.  The  fire  box 
is  of  Low  Moor  iron,  with  extra  stays  for  high  pres¬ 
sure,  and  is  fitted  with  the  best  lap- welded  tubes. 
The  grate  surface  and  dead  plate  are  of  ample 
dimensions,  and  suited  for  either  coal  or  wood  fuel. 
The  engine  is  connected  with  the  driving  wheels  by 
means  of  an  endless  chain,  of  an  improved  construc¬ 
tion,  passing  over  a  chain  wheel  keyed  fast  to  the 
driving  axle.  The  curved  slot  formed  in  the  crank 
shaft  bracket  (Figs.  4,  5,  and  6)  is  struck  from  the 
centre  of  the  crank  shaft ;  the  stud  may  therefore  be 
pushed  forward  by  means  of  the  set  screw  to  the  full 
length  of  the  curved  slot,  so  as  to  tighten  the  driving 
chain  without  interfering  with  the  gearing  together  of 
the  spur  wheel  and  pinion. 

The  “  patent  steering  apparatus  ”  (Figs.  7  and  8) 
consists  of  a  single  steering  and  supporting  wheel,  the 
sharp  rim  of  which  takes  a  firm  hold  of  the  ground,  and 
is  guided  by  means  of  a  lever  provided  with  three 
handles  fitted  to  the  upper  end  of  the  vertical  rod, 
and  extending  back  to  the  front  of  the  engine. 

The  “driving  wheels”  (5  feet  6  inches  in  diameter,  and  12 
inches  in  width)  are  connected  with  the  chain  wheel  by  means  of  a 
bolt  passed  through  a  lug  on  the  nave  of  the  wheel.  By  with¬ 
drawing  this  bolt,  the  driving  wheel  is  disconnected  from  the  large 
chain  wheel.  A  similar  arrangement  is  also  applied  to  the  opposite 
wheel,  so  that  either  one  or  both  wheels  may  be  rotated  or  not  at 
will,  which  is  a  matter  of  considerable  importance  in  working  round 
sharp  curves.  The  bites  of  the  wheels  may  be  increased,  when 
travelling  over  soft  ground,  by  attaching  clips  or  “  paddles”  of  angle 
iron,  which  can  be  readily  applied  and  removed  when  not  required. 
The  tender  carries  fuel  and  water  for  about  two  hours’  consumption, 
and  a  powerful  break  is  connected  with  the  driving  wheels  for 
descending  steep  inclines. 

THRASHING  MACHINES. — The  interior  machinery  of  the  barn 
generally  is  well  represented,  the  power  thrashing  machines,  forming 
perhaps  the  most  prominent  objects  of  the  whole  class.  These  are 
exhibited  chiefly  by  Barrett,  Exall,  &  Co.  (2078);  Burrell  (2087) ; 
Clayton  &  Shuttleworth  (2094);  Garrett  &  Son  (2117);  Gibbons 
(2118) ;  Holmes  &  Son  (2129) ;  Hornsby  &  Sons  (2130) ;  Humphries 
(2134);  Ransomes  &  Sims  (2168);  Robey  &  Co.  (2172);  Iluston, 
Proctor,  &  Co.  (2175);  Tasker  &  Sons  (2190);  Turner  (2194); 
Tuxford  &  Sons  (2195) ;  Underhill  (2198)  ;  Walls  &  Haslam  (2199). 
Next  in  importance  to  the  introduction  of  the  steam  plough  and  of 
the  reaper  into  our  fields,  are  the  improvements  that  have  from  time 
to  time  since  1851  been  made  in  the  power  combined  thrashing 
machines.  These  are  noticeable  chiefly  in  the  earlier  periods  in  the 
general  construction  of  the  machine,  and  in  the  harmony  of  its  work¬ 
ing  arrangements ;  and  in  the  more  recent  periods  they  are  seen 
in  the  different  forms  of  beater  used,  and  the  new  mode  of  elevating 
and  dressing  the  grain.  We  have  only  to  turn  back  a  few  years 
and  look  at  the  thrashing  machine  of  that  period,  and  then  at  either 
one  of  those  of  our  leading  firms  now  exhibited  in  this  class,  and 


Fig.  143. 


Tuxford  &  Sons’  Locomotive. 


PLATE  6. 


awniiOPJE  &  ip  a  is tieim’s 

TRACT  ION  ENGINE. 
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compare  their  construction  and  performances ;  and  we  at  once  see 
the  vast  improvements  that  have  been  made  in  this  most  important 
auxiliary  to  our  agricultural  system.  It  is  now  just  thirteen  years 
since,  at  the  Norwich  meeting  of  the  Royal  Agricultural  Society, 
attention  was  called  to  this  machine,  by  the  results  of  some  dyna¬ 
mometrical  tests  that  were  applied,  showing  that  in  some  the 
mechanical  arrangements  were  so  faulty  that  75  per  cent,  of  tlicir 
nominal  power  was  absorbed  by  the  friction  of  their  gear  when 
running  empty,  thus  leaving  only  one-fourth  for  the  practical  per¬ 
formance  of  the  work;  so  that  in  a  4-horse  power  machine,  three 
horses  were  employed  in  putting  the  machinery  in  motion,  and  one 
only  in  thrashing  the  corn. 

On  testing  the  “horse  powers”  too  at  the  same  meeting,  a  like 
faultiness  in  construction  was  seen — in  one  case  the  effective  force 
of  a  4-horse  power  being  only  l'G5,  the  remainder  2\35  being 
absorbed  by  friction  in  setting  it  in  motion.  Thus,  it  might  have 
so  happened,  that  a  thrashing  machine  and  a  horse-work  of 
equal  nominal  power,  might  have  been  purchased  by  Ihe  same 
individual;  in  which,  owing  to  their  defective  mechanical  con¬ 
struction,  the  resistance  would  have  exceeded  the  power,  and 
instead  of  being  able  to  thrash  corn,  would  not  have  been  able  to 
be  set  in  motion  at  all. 

Tuxford  of  Boston  was  the  first  who  manufactured  the  com¬ 
bined  thrashing  machine,  in  1844 — having  a  year  or  two  previous 
also  been  the  first  to  introduce  the  portable  steam  engine  to  the 
agricultural  public.  The  present  improved  form  and  arrange¬ 
ments  of  the  combined  power  thrashing  machine  has  been  the 
result  of  much  skill,  and  of  many  carefully  conducted  experiments. 
It  has  been  found  that,  to  obtain  the  greatest  amount  of  work 
with  the  smallest  amount  of  power,  a  certain  relation  should  be 
observed  between  the  speeds  of  the  different  working  parts  of  the 
machine.  The  “drum”  should  be  driven  at  the  rate  of  5000  ft.  per 
minute;  the  “straw  shaker”  should  carry  the  straw  away  at  the 
rate  of  70  to  80  ft.  per  minute;  the  “shogging  screen”  or  “riddle” 
frame  should  be  worked  at  the  rate  of  200  revolutions  of  the  crank 
per  minute ;  the  “  blower”  should  run  at  the  speed  of  2000  ft.  at 
their  circumference  per  minute ;  the  “  hummeller  ”  should  make 
from  400  to  500  revolutions  per  minute ;  and  the  “  elevators  ”  should 
move  through  160  to  200  ft.  per  minute.  These,  as  well  as  the 
“  hummeller,”  can  be  regulated  according  to  the  work  they  have 
to  do.  Economy  of  power,  and  consequently  wear  and  tear,  mainly 
depend  upon  the  harmony  of  the  parts  to  be  moved.  At  the 
present  day  most  of  the  best  thrashing-machines  possess  an  effective 
working  capability  equal  to  75  or  80  per  cent,  of  the  nominal  power 
— that  is  to  say,  a  6-horse  combined  machine  would  require  about 
1  to  1£  horse  power  to  set  it  in  motion  at  its  proper  speed,  and  thus 
have  4i  to  5  horse  power  for  operating  upon  the  grain. 

The  machine  exhibited  by  Barrett  and  Exall  (2078)  is  for  an 
8-horse  power  engine.  It  has  a  patent  perforated  beater  drum, 
54  inches  wide,  made  entirely  of  wrought -iron.  The  straw 
shakers  are  of  wood,  and  the  screens  reciprocate  with  them  so  as 
to  prevent  vibration.  The  bearings  are  the  patent  spherical  ones, 
which  give  absolute  exactitude  in  setting  the  machines,  run  easy, 
and  never  heat.  It  has  the  new  patent  Corn  Elevator,  which 
elevates  the  grain  without  the  ordinary  cups,  and  dresses  it  while 
passing  to  the  separating  screen — by  which  a  second  blower  is 
rendered  unnecessary,  the  machine  simplified,  the  usual  bearings, 
pulleys,  and  straps  reduced,  and  the  general  tear  and  wear  greatly 
economized. 

In  Clayton  and  Shuttleworth’s  collection,  their  well-known 
thrashing  machines  form  a  prominent  portion.  Here  we  see  them 
of  different  powers,  according  to  the  different  operations  required 
in  preparing  grain  for  the  market.  The  single  blast  machine  has 
a  blower  for  lifting  the  grain  up  to  the  separator;  in  another 
larger,  and  of  higher  power,  the  grain  is  subjected  to  a  second 


winnowing,  after  which  it  is  passed  through  the  separator;  while 
in  a  third  the  blower,  separator,  and  hummeller  are  all  brought 
into  one  movement,  and  the  grain  is  turned  out  in  different  samples 
fit  for  the  market.  These  machines  are  suited  for  engines  of  4,  6, 
and  8  horse  power  respectively. 

This  firm,  is  the  proprietor,  of  the  new  Corn  Elevator,  patented 
by  Burkshaw  and  Underhill,  which  is  applied  to  all  three  combined 
thrashing  machines,  and  which  we  see,  in  some  altered  or  modified 
shape,  made  use  of  by  many  of  the  other  leading  makers.  The 
“Elevator”  consists  of  a  fan  of  four  straight  arms,  keyed  on  the 
outer  side  of  the  ordinary  blower  spindle,  at  the  side  of  the  thrash¬ 
ing  machine.  It  is  inclosed  in  a  cast-iron  case,  the  inner  side  of 
which  is  provided  with  an  opening,  through  which  the  spout  from 
the  last  riddle  delivers  the  grain,  and  as  it  falls,  it  is  caught  by 
the  arms  of  the  fan,  which  throw  it  against  the  rising  curved  sides 
of  the  box.  When  required  to  “awn”  barley,  this  curved  side 
is  made  with  projections  or  knobs,  while  for  wheat  it  is  quite 
smooth.  Three  plates  are  sent  out  with  each  machine,  and  can 
very  readily  be  changed,  as  only  one  bolt  is  required  to  fasten 
them,  while  the  force  with  which  the  barley  is  thrown  and 
rubbed  against  the  projections,  suffices  to  break  off’  the  awns  with¬ 
out  injuring  the  grain  in  any  way.  The  grain  is  then  forced  up 
an  inclined  plane  to  the  separating  screen,  by  the  centrifugal  force 
of  the  blades  and  blast  combined ;  the  chaff  and  lighter  particles 
which  may  have  escaped  the  action  of  the  riddles,  are  blown 
beyond  and  conveyed  to  the  riddles  to  be  cleaned  over  again. 
This  sketch  will  be  sufficient  to  show  the  action  of  the  new  Corn 
Elevator,  by  which  several  separate  operations  are  effected,  and  a 
great  saving  in  power  and  material  gained. 

Garrett’s  Machine  (2117),  Fig.  148,  is  very  similar  to  those  already 
described.  A  blast  elevator,  having  the  same  principle  of  action  as 
Burkshaw  and  Underhill’s,  though  modified  in  its  working  arrange¬ 
ments,  forms  the  main  feature  in  the  machine,  which  exhibits  the 
same  good  and  substantial  workmanship,  and  the  same  improved 
methods  of  cleaning,  preparing,  and  separating  the  grain  which 
characterize  the  machinery  turned  out  by  this  firm. 

Combined  thrashing  machines  (2130)  are  of  a  similar  construc¬ 
tion,  and  exhibit  the  same  points  of  excellence  both  in  arrangements 
and  manufacture  that  have  already  been  the  subject  of  remark. 

In  the  machine  exhibited  by  Ransomes  and  Sims  (2168),  the 
action  of  the  elevator  is  confined  to  merely  carrying  the  corn  up 
from  the  riddle  spout  to  the  wiuuowers,  no  blast  being  made  use 
of  for  the  purpose.  The  elevator  is  in  shape  circular,  like  the 
others,  but  working  in  a  closed  case  at  a  very  high  speed  (about 
forty  miles  per  hour),  and  forcing  the  grain  up  an  inclined  plane 
by  the  mere  continued  movement  given  by  the  air  to  the  uppermost 
grains  into  the  upper  part  of  the  machine.  It  is  considered  by  the 
exhibitors  that  the  force  required  to  drive  a  current  of  air  and  grain 
together,  up  the  same  channel,  must  be  more  than  that  required  for 
the  two  separate  motions  of  elevating  and  winnowing  as  done  by 
this  sort  of  machine. 

Another  arrangement  of  the  working  parts  of  the  machine  may  be 
seen  in  that  exhibited  by  Tuxford  and  Sons  (2195).  This  combined 
machine  finishes  the  grain  for  market,  clearing  the  cobs,  &c.,  by  a 
scrubbing  apparatus.  It  has  three  distinct  fans  or  winnowers,  with  an 
improved  shaking  apparatus  for  the  straw,  actuated  by  a  four  throw 
crank,  each  of  the  four  cranks  being  a  fourth  in  advance  of  the 
preceding  one  (that  is  to  say,  standing  at  an  angle  of  90°  with  it). 
The  rocking  frames  used  commonly  with  other  box  shakers  are 
altogether  done  away  with,  which  thus  far  simplifies  the  machine. 
The  covering  riddle  is  of  an  improved  description,  preventing 
effectually  the  rough  dressed  grain  from  being  loaded  with  broken 
straw,  &c.,  which  occasions  great  inconvenience. 

CORN  SCREEN. — The  patent  “  corn  screen”  invented  and  exhi¬ 
bited  by  Boby  (2082)  is  a  very  valuable  addition  to  the  machinery 
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of  the  barn.  By  the  old  methods  the  process  of  dressing  a  good  sample  | 
of  com  was  very  difficult  and  very  expensive,  not  merely  as  i 
regards  the  labour,  but  from  the  loss  sustained  by  a  proportion  of  j 

Fig  148. 


Garrett  and  Ton’s  Thrashing  Machine. 

good  grain  going  away  with  the  inferior.  This  machine  effectually 
stops  any  loss  from  this  source,  as  it  is  impossible  that  any  full 
sized  grain  can  pass  through  it.  For  dressing  wheat  for  market,  or 
barley  for  malting  purposes,  it  is  in  high  repute,  and  for  cleaning 
and  preparing  imported  grain  it  is  very  extensively  used.  Fig.  149 
shows  the  double  screen  recently  introduced  by  the  firm.  Advan¬ 
tage  is  here  taken  of  the  compensating  action  of  the  crank  given 
by  the  two  screens  on  opposite  sides  of  the  machine,  whereby  the 

Fig.  149. 


JJoby’s  Screen. 

6arue  amount  of  power  originally  required  for  one  is  able  to  set  the 
two  in  motion,  and  thus  effect  double  the  work  in  the  same  space  of 
time. 

CHAFF-CUTTING  MACHINES. — These  implements  are  now  so 
indispensable  to  every  farm  establishment,  whether  small  or  large, 
that  we  might  naturally  expect  to  see  them  very  generally  exhibited 
on  the  present  occasion.  In  visiting  the  class,  they  will  be  found 
at  stand  2072,  Ashby  &  Co.,  Stamford  ;  2079,  Bentall,  Chelmsford  ; 
2090,  Carson  &  Toone,  Warminster;  2149,  Mapplebeck  &  Lowe, 
Birmingham  ;  2161,  Page  &  Co.,  Bedford;  2164,  Picksley  &  Sims, 


Leigh;  2168,  Ransomes  &  Sims,  Ipswich;  2171,  Richmond  & 
Chandler,  Salford. 

The  machines  exhibited  are  of  various  sizes,  and  suited  for 
either  hand,  horse,  or  steam-power. 
Their  construction  is  very  similar 
throughout,  and  a  very  general 
improvement  in  the  arrangements 
of  their  several  parts  has  taken  place 
within  the  last  few  years.  Particular 
attention  has  been  paid  to  the  feed- 
rollers,  by  which  the  chance  of  clog¬ 
ging  is  materially  reduced,  while  the 
lever  pressure  applied  consolidates 
the  feed,  offering  a  firm  resistance 
to  the  knife,  and  thus  prevents  its 
slipping.  The  knives,  too,  are  of 
improved  shape — the  concave  knife 
being  now  very  rarely  used  ;  and 
although  the  proper  arrangement  of 
the  knives  on  the  fly-wheel  has 
received  from  some  the  attention  it 
deserves,  still  in  other  machines  the 
cut  is  not  continuous,  and  con¬ 
sequently  not  so  advantageous  in 
a  mechanical  point  of  view  as  it 
might  be. 

In  the  Report  of  the  Judges  who 
tested  the  chaff-cutters  at  the  Chester 
meeting  of  the  Royal  Agricultural 
Society,  we  find  the  following  remarks  bearing  upon  these  points  in 
their  construction — “  We  observed  with  satisfaction  that  very  few 
makers  retained  the  ‘concave  form  of  cutting  knives:’  the  drawing 
cut  of  the  outward  curve  (or  ‘convex’  form)  being  far  more  efficient 
than  the  pressure  cut  of  the  other.  At  the  same  time  we  would 
call  their  attention  to  the  advantage  of  so  arranging  their  knives 
that  the  cut  be  continuous,  and  not  interrupted,  as  is  too  generally 
seen,  by  the  cut  of  one  knife  being  completed  before  the  succeeding 
one  comes  into  action.  The  resistance  offered  through  each  revolu¬ 
tion  is  thus  unequal,  and  has  a  tendency  to  give  the  fly-wheel  a 
lateral  vibratory  action,  which,  at  high  speed,  must  sooner  or  later, 
injure  seriously  the  machine.  In  machines  for  hand  power,  driven 
at  low  speeds,  this  is  of  less  importance,  as  the  increased  momentum 
obtained,  is  equal  to  the  lessened  resistance  offered  by  the  interval 
of  the  cuts.” 

In  all  the  larger  machines  exhibited  arrangements  were  made  for 
altering  and  regulating  the  length  of  the  cut  chaff.  This  is  a  point  of 
considerable  importance,  as  for  different  animals  the  lengths  should 
vary — say  from  half  an  inch  for  horses  to  two  inches  for  the  large 
ruminating  animals.  An  additional  length  for  cutting  straw  for  litter 
purposes  is  also  a  great  advantage,  especially  on  farms  where  the  stock 
housed  bears  a  high  proportion  to  the areaof  land  in  arable  cultivation, 
and  where  of  course  it  is  desirable  to  economize  the  straw.  By  having 
a  machine  that  will  cut  lengths  of  four  to  six  inches,  not  only  does  the 
same  weight  of  straw  serve  for  the  litter  of  an  increased  number  of 
animals,  but  the  resulting  manure  is  much  better,  and  more  equally 
made.  By  cutting  up  the  litter  straw  in  these  lengths,  you  divide  it  be¬ 
tween  the  nodes  or  knots  in  the  straw,  whereby  its  cylindrical  form 
exerts  immediately  a  capillary  action  upon  the  liquid  part  of  the  secre¬ 
tions,  absorbing  them,  bringing  them  in  contactwith  the  interiorofthe 
straw,  and  setting  up  a  process  of  decomposition  or  manure-making 
at  once.  Straw  thus  cut  up  will  absorb  more  liquid,  and  yet  form  a 
drier  bed  Ilian  when  supplied  to  the  cattle  in  the  ordinary  way. 

CRUSHING,  GRINDING,  SLICING,  AND  PULPING  MACHINES. — 
These  machines  are  largely  exhibited  by  different  makers,  good  tes¬ 
timony  of  the  rapidly-increasing  estimate  of  their  importance  on  a 
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farm.  Well  nigh  every  description  of  machine  having  for  its  object 
the  preparation  of  food  materials,  by  either  crushing,  slicing,  cutting, 
or  pulping,  is  here  represented.  The  following  firms  are  the  prin¬ 
cipal  contributors : — Ashby  &  Co.  (2072)  send  oil-cake  breakers, 
suited  for  various  descriptions  of  cake ;  Barnard,  Bishop,  &  Co. 
(2077)  show  root-pulpers ;  Barrett,  Exall,  &  Co.  (2078)  have 
turnip  cutters,  as  well  as  cake-breaking  machines ;  Bentall  (2079) 
has  a  large  display  of  machines  for  the  various  purposes  of  crush¬ 
ing,  cutting,  and  bruising ;  Carson  &  Toone  (2090)  exhibit  turnip 
cutters;  Garrett  &  Co.  (2117)  well  sustain  the  character  of  their 
manufacture  by  a  suitable  selection ;  Hornsby  &  Sons  (2130)  are 
equally  well  known  for  this  description  of  machine,  and  exhibit  a 
good  series,  suitable  for  the  various  purposes  of  the  farm  ;  Hunt  & 
Pickering  (2135)  send  crushing  mills,  root  pulpers,  and  oil-cake 
breakers ;  Picksley  &  Sims  (164)  have  several  times  been  successful 
competitors  in  the  trials  of  this  class  of  machines,  and  now  exhibit 
excellent  specimens;  Ransomes&  Sims  (2 168)  contribute  a  large  num¬ 
ber  of  bruising,  crushing,  and  cake-breaking  machines,  combining 
with  the  good  principles  of  others  some  important  improvements  of 
their  own.  The  two  diagrams  will  help  to  illustrate  the  types  of  the 
working  portion  of  the  machines  used  generally  for  this  purpose 
— the  one  effecting  the  operation  of  bruising  and  crushing  by  the 
contact  of  smooth  surfaces,  the  other  by  the  contact  of  irregular, 
fluted,  or  sharp-edged  surfaces. 

The  smooth  roller  bruising  mill,  exhibited  by  Ransome  &  Sims, 
which  is  shown  at  Fig.  150,  is  suitable  for  either  hand,  horse,  or 
steam  power,  according  to  its  size,  and  is  intended  for  bruising  or 
crushing  oats,  linseed,  malt,  &c.  It  consists  of  two  cast-iron  rollers 
of  equal  diameter  and  width,  mounted  on  a  stout  frame,  and  so 
arranged,  that  on  one  of  the  rollers  being  set  in  motion,  and  the 
hopper  gradually  opened,  the  grain  passing  out  of  it  to  the  rollers, 
the  other  roller  revolves  also,  carrying  the  grain  between  them,  and 

Fig  150. 


Ransomes’  Smooth  Roller  Bruising  Machine. 

crushing  it  more  or  less  as  may  be  desired,  according  to  the  distance 
at  which  the  rollers  have  been  set  at  the  commencement.  A  small 
hand  screw  at  the  end  of  the  frame  affords  a  ready  mode  for  adjust¬ 


ing  the  fineness  of  the  work  to  be  done.  At  the  Chester  trials  of 
the  Royal  Agricultural  Society,  this  arrangement  of  two  wheels  of 
equal  diameter  required  less  power  to  work  it  than  those  where  tho 

Fig  151. 


Biddel’s  Steel  Oat  Mill  Roller. 

second  wheel  was  of  much  smaller  diameter ;  probably  some  slight 
difference  between  the  diameter  of  the  two  wheels  would  be  better 
than  equal  diameters,  as  in  that  case  each  revolution  would  insure 
different  parts  of  the  periphery  being 
brought  in  contact,  and  thus  tend  to 
keep  the  surface  clear. 

The  working  principle  of  the  edged 
cutters  is  shown  in  the  accompanying 
diagram  (Fig.  151)  of  Biddel’s  Patent 
Steel  Oat  Mill,  manufactured  also  by 
Ransomes  &  Sims.  The  action  of  this 
is  rather  as  a  cutting  than  as  a  crushing 
machine,  and  the  improvements  intro¬ 
duced  into  this  have  gained  for  it  a 
high  reputation.  The  cutting  edge  of 
the  roller  is  of  steel,  supported  at  the 
back  by  cast-iron.  The  steel  can  be 
tempered  to  any  degree  of  hardness 
by  the  usual  process,  while  the  iron 
retains  its  toughness ;  thus  you  get 
the  toughness  of  the  softer  material 
supporting  the  keen  cutting  edge  of  the 
harder  metal. 

This  is  a  great  improvement  upon 
the  old  method  of  making  them  alto¬ 
gether  of  cast-iron  and  then  case- 
hardening  them,  and  will  keep  them 
in  good  cutting  condition  for  a  much 
longer  period. 

At  the  stand  of  Turner  &  Company 
(2194)  the  smooth-roller  crushing 
machines  are  well  shown,  and  at  Wood 
&  Cocksedge’s  (2206)  root  pulpers  and  cutters  are  exhibited. 

The  important  advantages  of  dividing  the  food  given  to  cattle, 
whether  by  the  chaff-cutter  for  hay  and  straw,  or  by  the  crushing 
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or  bruising  machines  for  oats,  linseed,  &c.,  is  shown  both  by  the 
improved  condition  of  the  stock  thus  treated,  and  by  the  great 
economy  of  the  materials  used.  On  the  chaff-cutters  we  have 
already  offered  a  few  remarks,  and  in  regard  both  to  them  and  to 
the  crushing  machines  for  oats,  we  happily  have  some  good  evi¬ 
dence  to  adduce  of  the  practical  advantages  resulting  from  their  use. 

OAT  CRUSHING. — The  importance  of  crushing  oats  for  horses, 
especially  for  old  ones,  whose  teeth  become  often  long  and  jagged, 
must  be  evident  to  all.  We  have  only  to  notice  the  avidity  with 
which  the  fowls  turn  over  the  stable  manure  and  sweepings  in 
quest  of  indigested  grain,  or  to  look  at  the  top  of  the  dung  heap 
formed  from  the  manure  of  the  stables,  to  have  ample  evidence 
of  the  fact.  Many  horses  through  gluttony,  and  others  through 
the  imperfect  state  of  their  dentition,  swallow  a  great  portion  of 
the  oats  unbroken,  and  consequently  lose  their  nutritive  contents, 
as  the  thick  coat  of  the  seed  effectually  protects  it  during  the 
short  time  it  remains  in  the  stomach  from  being  advantageously 
acted  upon  by  its  juices.  It,  however,  while  there  absorbs  a 
certain  amount  of  moisture,  acquires  a  raised  temperature,  and 
is,  when  expelled  in  the  course  of  nature,  just  in  a  condition  to 
proceed  vigorously  with  the  process  of  germination  and  growth. 
To  obviate  these  inconveniences  and  loss,  the  use  of  a  crushing 
machine  is  most  importantly  shown.  Some  little  care  and  experi¬ 
ence  is  needed  in  so  arranging  the  rollers  that  no  grain  shall  pass 
through  them  untouched,  but  that  at  the  same  time  none  should  be 
too  much  crushed.  In  the  latter  case  the  farina  is  liable  to  fall  out 
on  moving  the  oats,  and  either  be  lost  or  left  lying  in  and  adhering 
to  the  manger.  The  oat  should  indeed  be  merely  compressed  suffi¬ 
ciently  to  split  open  its  “  testa,”  or  natural  seed  coat,  so  as  to  allow 
the  juices  of  the  stomach  immediate  access  to  its  contents,  and  thus 
extract  its  nutritive  properties.  When  the  rollers  are  properly  set  the 
crushed  oat  preserves  its  original  form  internally,  with  the  appearance 
of  having  been  merely  flattened  or  compressed,  and  if  taken  up  and 
held  between  the  fingers  longitudinally  a  slight  pressure  would 
readily  show  its  fractured  sides  and  its  contents  be  exposed  to  view. 
When  thus  treated  and  supplied  to  the  horse,  mixed  with  “cut  chaff” 
instead  of  hay,  the  proper  and  healthy  process  of  mastication  is 
enforced,  the  salivary  glands  act  more  vigorously,  and  the  food 
properly  prepared  in  the  mouth  is  carried  down  into  the  stomach 
in  a  diluted  condition;  that  is  to  say,  instead  of  the  oats  being  swal¬ 
lowed  by  themselves  partly  whole  and  partly  broken,  they  are  now 
entirely  and  thoroughly  masticated,  and  mixed  up  intimately  with 
their  own  husks  and  with  the  chaff,  thus  presenting  a  greatly 
extended  surface  to  the  action  of  the  digestive  juices  of  the  stomach, 
and  of  course  furnishing  a  greatly  increased  proportion  of  nutritive 
matter  to  the  animal  economy. 

In  this  operation  practice  has  perfectly  confirmed  what  theo¬ 
retic  science  has  suggested,  in  every  case  where  the  operation  has 
been  properly  carried  out.  We  have  ample  evidence  as  to  its 
successful  practice  on  a  small  scale  from  the  number,  increasing 
every  year,  of  machines  sold;  and  that  on  a  large  scale  it  is  equally 
true  we  learn  from  the  report  made  two  or  three  years  since  to 
the  Imperial  and  Central  Society  of  Agriculture  of  Paris  by  M. 
Renault,  the  able  director  of  the  Government  Veterinary  College  at 
Alfort,  who  was  charged  by  the  direction  of  the  “  Compagnie  Impe¬ 
rial  des  Pdtites  Voitures  de  Paris”  to  visit  England  and  examine  into 
the  mode  of  feeding  horses  adopted  there.  He  visited  the  estab¬ 
lishments  of  the  General  Omnibus  Company,  which  at  that  period 
(1858)  employed  for  their  daily  service  5940  horses.  One-half  of 
these  were  rationed  on  the  old  system  of  oats  ( uncrushed )  and  hay 
(uncut),  at  the  rate  of  18  lbs.  of  oats  and  14  lbs.  of  hay  per  horse 
per  diem,  and  the  other  half  on  the  improved  system  of  crushed  oats 
and  cut  chaff.  With  these  the  quantity  was  reduced  to  15  lbs.  of  oats 
and  8  lbs.  of  hay  cut  up  into  chaff,  with  5  lbs.  of  straw,  or  26  lbs.  in 
weight  together — thus  showing  a  difference  in  weight  of  forage  alone 


of  6  lbs.  per  horse  per  diem,  equal  at  the  market  price  of  the  day  to 
3d.  per  horse.  This  upon  the  number  experimented  upon  was  equal 
to  a  saving  of  £37  per  day.  At  every  one  of  the  different  stables 
where  the  horses  were  kept  the  stablemen  and  horsekeepers  as  well 
as  the  drivers  gave  evidence  that  where  any  difference  was  noticed 
between  the  cattle  either  in  health,  vigour,  or  condition,  it  was 
invariably  in  favour  of  those  fed  on  the  crushed  food.  The  next 
portion  of  the  inquiry  was  in  regard  to  its  applicability  to  horses  of 
a  higher  value  used  for  fast  work — those  used  in  private  carriages 
— and  consequently  more  expensive  in  cost  and  in  keep.  Mr. 
Iletherington,  one  of  the  largest  and  most  respectable  jobmasters  in 
London,  had  satisfied  himself  as  to  the  economy  and  advantage  of 
the  system  by  trying  it  on  two  horses  as  nearly  alike  in  age,  size, 
appetite,  disposition,  and  work  as  he  could  select  from  his  large 
establishment.  They  were  worked  together  in  a  carriage — the  one 
fed  on  whole  corn  and  hay,  and  the  other  on  crushed  oats  and  chaff, 
the  ration  of  the  first  being  18  lbs.,  of  the  second  15  lbs.  per  day. 
Each  month  the  food  was  changed  from  the  one  to  the  other,  and 
the  effects  carefully  noted  down.  At  the  end  of  twelve  months  the 
success  of  the  improved  system  was  so  clearly  demonstrated  that  the 
whole  establishment  was  at  once  put  upon  the  new  system  of  feeding. 

M.  Renault  then  visited  the  establishments  of  three  different  large 
cab  masters,  where  from  eighty  to  a  hundred  horses  of  a  low  value 
were  kept  for  fast  work,  and  subsequently  the  stables  of  one  of  the 
large  railway  carriers,  and  of  Barclay’s  brewery,  and  in  each  case 
met  with  evidence  strongly  confirmatory  of  his  own  opinions,  and  of 
what  he  had  picked  up  at  the  other  places.  Not  only  was  it  clearly 
demonstrated  that  the  condition  and  working  powers  of  the  horse 
were  better  sustained,  but  that  his  general  health  was  also  greatly 
improved  by  this  new  mode  of  treatment.  On  his  recommendation, 
the  “  Systeme  Anglaise  d’alimentation  des  Chevaux”  was  forthwith 
introduced  into  the  establishments  of  the  “Voitures  de  Paris,”  and 
of  the  “  Chemin  de  Fer  de  l’Est,”  where  the  horses  have  very  heavy 
work  in  carts  and  fast  omnibuses.  The  saving  was  found  to  amount 
to  fifty  centimes  per  horse  per  day.  In  a  great  milk-supplying 
company  of  Paris  (“  Entreprise  de  Ladterie ” ),  where  the  work  is 
unusually  severe,  the  horses  being  in  harness  from  midnight  to  nine 
A.M.,  its  advantageous  results  were  very  manifest.  In  each  instance 
the  longer  it  has  been  in  operation  the  more  successful  and  remune¬ 
rative  it  has  proved  to  be.  M.  Renault  finishes  his  able  and  interesting 
report  by  expressing  his  surprise  that,  with  this  evidence  before 
them,  the  proprietors  of  working  horses  should  be  so  negligent  of 
their  own  interests,  and  so  ignorant  of  the  principles  of  animal 
nutrition  as  to  continue  the  old  practice  of  feeding. 

GORSE-BRUISING  MACHINE. — The  machine  exhibited  by  Barrett 
&  Exall  (2078)  is  a  very  efficient  method  of  preparing  gorse  for 
feeding  purposes.  It  combines  the  cutting  with  the  crushing  power 
of  the  ordinary  chaff  and  bruising  machines  of  the  farm,  and  fur¬ 
nishes  a  means  by  which  a  very  plentiful,  nutritive,  and  yet  neglected 
food  substance  may  be  readily  utilized.  The  subjoined  engraving, 
Fig.  152,  shows  how  the  operation  is  effected.  The  machine  is 
supplied  at  the  feeding  board,  A,  as  in  the  ordinary  chaff  cutting 
machines.  The  knives,  B,  fixed  on  a  rotating  frame  cut  it  into 
small  pieces,  which  immediately  fall  on  the  crushing  rollers,  C,  and 
are  then  bruised  or  crushed  according  to  the  degree  required.  If 
the  gorse  be  young,  it  is  sufficiently  bruised  by  being  once  passed 
through,  but  if  not,  on  passing  it  through  a  second  time  it  will  be  found 
in  a  fit  state  for  food.  Two  horse  power  will  cut  and  crush  from 
250  to  300  bushels  per  day.  The  nutritive  value  of  gorse  is  well 
known,  and  now  that  we  have  an  efficient  machine  for  preparing  it 
for  our  stock,  its  cultivation  will  probably  be  more  attended  to,  as  it 
is  very  hardy,  grows  in  the  poorest  and  dryest  class  of  soils,  and 
needs  but  little  outlay  for  labour;  while,  under  proper  management, 
it  will  furnish  a  regular  supply  of  fresh  green  food  during  the  winter, 
when  food  of  such  description  is  beyond  the  reach  of  ordinary  farm- 
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ing;  and  when  for  dairy  purposes  especially,  it  will  be  a  most  impor¬ 
tant  addition  to  the  feeding  shed. 

In  the  Fifth  Division  there  is  nothing  that  requires  a  special 
notice.  The  machines  for  cutting,  grating,  and  pulping  roots  are  all 

Fig  152. 


Barrett’s  Gorse-bruising  Machine. 


too  well  known  and  too  generally  used  to  claim  remark ;  while 
the  increased  numbers  of  improved  contrivances  for  feeding  and 
stable  purposes  testify  to  the  increasing  intelligence  and  perception 
of  the  class  for  whom  they  are  intended.  The  health  and  comfort 
of  the  animals  on  the  farm  have  now  assumed  a  widely  recognized 
importance,  and  have  a  distinct  money  value  assigned  to  them 
equivalent  to  the  extent  to  which  they  are  carried  out.  Neither  have 
we  any  remarks  to  make  on  the  contents  of  the  Sixth  and  Seventh 
Divisions. 

The  Eighth  Division  is  but  poorly  represented ;  indeed  it  does 
not  in  the  articles  exhibited  come  up  to  our  average  annual  shows. 
Iu  none  of  the  churns  have  the  two  physical  principles — agita¬ 
tion  and  temperature — upon  which  the  manufacture  of  butter,  both 
as  regards  quality  and  quantity  of  produce  depends,  been  attended 
to  as  we  are  accustomed  to  see  in  churns  of  superior  construction ; 
and  the  late  improvements  in  the  apparatus  for  cheese,  introduced 
by  Keevil  and  others,  find  no  representative  here. 

The  Ninth  Division ,  too,  is  but  scantily  represented.  To  foreigners 
more  particularly  well-arranged  models  of  farm  buildings  and  plans 
for  drainage  and  irrigation  would  have  been  of  the  greatest  interest 
— especially  as  in  both  this  country  holds  a  very  satisfactory  posi¬ 
tion,  and  could  have  furnished  some  very  good  and  instructive 
plans. 

INDIA. — Passing  on  to  a  review  of  the  machines  and  implements 
displayed  by  our  colonies,  we  will  commence  with  India,  in  which, 
however,  we  have  nothing  but  a  collection  of  small  models  exhibited 
of  the  very  primitive  implements  and  tools  still  used  by  the  native 
farmers  in  that  country.  From  some  cause  or  another  our  agricul¬ 
tural  mechanics  have  never  been  introduced  there  to  any  extent ; 
indeed,  from  drawings  taken  by  Layard  and  others  from  tombs  in 
Ninevah  of  the  form  of  plough  used  by  the  Assyrians,  it  would  appear 
that  the  implement  used  for  stirring  the  soil  by  the  subjects  of  King 
Sennacherib  some  two  thousand  years  ago  was  almost  identical  with 
that  used  for  the  same  purpose  by  the  subjects  of  Queen  Victoria 
at  the  present  day. 

CANADA — CUTTING  TOOLS. — In  Canada  we  find,  however,  more 
worth  our  notice.  The  first  thing  that  strikes  the  eye  on  entering 
the  court  is  the  fine  collection  of  cutting  tools  arranged  on  the  wall, 
consisting  of  axes,  hatchets,  saws,  knives,  &c.,  of  well-nigh  every 
form  and  description  used  in  woodcraft  and  house-carpentry.  These  I 
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are  sent  by  Thomas  Moore  of  Etibrooke,  and  by  Tongue  &  Company 
of  Ottawa.  So  good  is  the  quality,  and  so  highly  are  they  finished, 
that  the  entire  series  were  purchased  at  once  for  the  Prussian  and 
Swedish  governments  as  museum  models. 

Several  iron  ploughs  are  exhibited  by  different  makers  repre¬ 
senting  the  implement  used  in  different  districts.  These  are  strong, 
useful  implements,  but  not  so  well  finished  as  their  cutting  tools. 

The  purely  agricultural  hand  tools — as  pikes,  scythes,  hoes,  &c. 
— exhibited  by  Captain  Gaskin  of  Kingston,  and  by  Whiting  & 
Company  of  Oshawa,  have  the  merit  of  not  being  good  only,  but 
also  very  cheap. 

A  somewhat  rough-looking,  but  strong  and  well-constructed  brick 
and  tile  machine  (Fig.  153),  is  shown  by  Bawden  of  Montreal,  where  it 
has  been  some  time  in  use,  and  is  much  thought  of;  indeed  it  is  stated 
that  the  machine  itself  now  exhibited  has  turned  out  6,000,000  of 
bricks,  made  by  hand  labour  alone.  Such  a  machine  for  a  youngcountry 
like  Canada  or  our  Australian  colonies,  where  labour  is  costly  and  the 
mechanical  skill  and  appliances  necessary  for  more  expensive  and  com¬ 
plicated  machinery  really  not  to  be  had  at  any  price,  assumes  an  im¬ 
portance  which  we  should  not  otherwise  be  j ustified  in  conceding  to  it. 
The  diagram  shows  its  general  form  and  construction.  The  clay  is 
pugged  in  the  ordinary  manner,  to  prepare  it  for  being  moulded  into 
bricks.  It  is  then  thrown  from  the  pug-mill  into  the  receiver  or 
shallow  hopper,  A,  of  the  machine ;  the  lever,  B,by  means  of  a  toothed 
wheel  of  small  diameter  at  its  extremity  working  into  a  toothed  quad¬ 
rant  attached  to  the  top  or  cover  of  the  hopper,  exerts  a  very  great 


Fig.  153. 


Bawden’s  Brick  and  Tile  Machine. 


vertical  pressure  upon  the  pugged  claj ,  which  is  forcibly  compressed 
into  a  frame  containing  a  set  of  (sixj  brick  moulds,  which,  as  soon 
I  as  filled,  are  removed  by  a  second  long-armed  lever,  c,  which  works 
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in  a  horizontal  direction,  and  leaves  the  space  to  be  again  occupied 
by  another  empty  frame.  This  is  filled  again  from  the  hopper  by 
another  movement  of  lever  B.  The  bricks  made  are  solid  and 
compact,  and  well  suited  for  general  building  purposes. 

A  combined  machine  for  the  threefold  purpose  of  ploughing, 
harrowing,  and  drilling  is  exhibited  by  H.  Collard  of  Guananoke. 
The  machine  is  very  well  made,  and  got  up  in  a  style  superior  to 
most  of  the  colonial  or,  indeed,  continental  productions.  It  rarely 
happens,  however,  in  farming  that  any  one  machine  does  two  opera¬ 
tions  equally  well.  Such  combinations  of  capabilities  should  be 
limited  to  very  small  occupations,  and  even  then  their  economy  is 
very  doubtful.  In  this  case,  however,  we  have  to  deal  with  a  three¬ 
fold  capacity  for  work,  and  we  should  have  a  threefold  hesitation 
in  pronouncing  an  opinion  before  seeing  it  at  work  in  the  field. 

PRINCE  EDWARD’S  ISLAND. — Prince  Edward’s  Island  sends  a 
plough  and  a  reaping  machine. 

NEW  BRUNSWICK. — New  Brunswick  is  represented  by  a  horse 
rake,  some  ploughs,  and  a  cultivator;  besides  which  a  very  good 
and  serviceable  collection  of  tools,  of  the  same  class  and  fashion  as 
those  already  referred  to  in  the  Canadian  department. 

NOVA  SCOTIA. — Nova  Scotia  sends  merely  a  plough  and  some 
harvest  forks — all  useful,  well  made  goods. 

AUSTRALIA. — The  Australian  colonies  make  a  truly  magnifi¬ 
cent  display  of  their  agricultural  produce,  but  have  not  sent  over 
many  of  the  implements  or  machines  made  use  of  in  obtaining  it. 

VICTORIA. — In  the  Victoria  collection  we  find  a  reaping 
machine,  made  in  the  colony  by  Robinson  and  Company  of  Mel¬ 
bourne,  of  the  same  construction  as  that  shown  by  Ransomes  & 
Sims.  The  workmanship  throughout  is  good  and  strong,  and  the 
way  in  which  it  is  got  up  generally  is  highly  creditable  to  the 
makers.  An  iron  swing  plough  sent  by  Henderson  &  Bell, 
equally  well  made,  completes  the  collection. 

SOUTH  AUSTRALIA. — In  South  Australia  we  see  one  of  those 
labour-saving  machines  which  we  are  accustomed  at  once  to 
connect  in  our  own  minds  with  the  go-ahead  proclivities  of  our  M. 
Atlantic  cousins.  This  is  in  the  form  of  a  combined  machine  for  V 
reaping,  or  more  properly,  for  stripping  corn,  and  thrashing  it  by  I 
one  and  the  same  operation.  The  machine  is  illustrated  by  Fig.  ■ 
154.  It  is  in  the  shape  of  a  large  covered  cart  or  tumbril  carried  I 
on  two  good  high  wheels,  these  communicating  motion  through  H 
a  suitable  gearing  to  the  working  parts.  The  front  of  the  machine  I 
is  occupied  by  a  frame  with  a  series  of  projecting  iron  fingers,  I 
or  teeth,  of  a  flattened  shape,  tapering  towards  the  ends,  and  set  I 
at  intervals  so  as  to  allow  the  ears  of  corn  to  enter  readily  at  the  I 
extremities,  but  not  to  pass  out  again  without  being  stripped  of  I 
their  grains.  Immediately  at  the  back  of  this  stripping  comb,  I 

which  thus  far  I 
greatly  resem-  I 
blestheRoman  ■ 
form  of  ma¬ 
chine, ofwhich 
a  diagram  isgiven, 
comes  a  revolving 
drum  or  beater, 
which  at  once 
operates  upon 
the  ears  as  they 
are  being  drawn ; 
by  the  passage 
of  the  machine 
through  the  teeth, 
the  grain  is  sepa¬ 
rated  from  the 
husks  or  chaff,  and  by  the  rapidity  of  the  motion  of  the  beater  is 
carried  back  into  the  body  of  the  cart,  where,  by  its  superior  gravity, 


it  falls  to  the  bottom;  while  the  chaff,  dust,  &c.,  is  carried  out  through 
an  aperture  left  for  the  purpose.  The  horses,  of  which  two  are 
required,  work  it  on  the  side-traction  principle,  the  driver  having  a 
ready  means  of  regulating  the  elevation  of  the  stripping  frame  so  as 
to  suit  any  description  of  crop.  The  ordinary  day’s  work  is  six  to 
eight  acres  with  a  pair  of  horses — if  these  be  changed  in  the  middle 
of  the  day,  ten  acres  are  readily  accomplished. 

CAPE  OF  GOOD  HOPE. — The  Cape  of  Good  Hope,  by  some  mis¬ 
take,  has  not  taken  her  place  in  the  Great  Exhibition  among  the 
colonies  of  Great  Britain. 

NATAL. — Natal  has  earned  a  well-merited  reputation  from  the 
spirited  manner  in  which  she  has  displayed  her  varied  and  important 
productions.  Amongst  these,  however,  agricultural  implements 
form  but  a  poor  appearance,  as  with  the  solitary  exception  of  a 
Kafir  “  pick  ”  of  the  most  primitive  form  and  construction,  they 
have  no  representative  at  all. 

UNITED  STATES. — Iu  the  United  States  department  agricultural 
machines  appear  to  be  better  represented  than  any  of  the  other 
branches  of  industry  thus  exhibited.  The  reaping  and  mowing 
machines,  as  might  have  been  expected,  form  the  most  prominent 
objects.  Of  these  there  are  four  exhibiters,  with  three  of  whose 
machines  we  have  already  become  acquainted. 

M'CORMICK’S  REAPER,  WITH  SELF-RAKING  ATTACHMENT. — 
M‘Cormick’s  reaper  of  1862,  though  essentially  the  same  in  prin- 


Fig.  155. 


M'Cormick’s  Reaping  Machine — Elevation. 

ciple  with  that  of  1851,  has  been  much  improved  in  all  its  parts  and 
working  arrangements.  The  machine  exhibited  (Figs.  155,  156)  has 
a  self-acting  rake  attachment  by  which  the  grain  is  more  regularly 
collected  and  removed,  and  the  cost  of  manual  laboursaved.  This  has 
been  patented  in  this  country,  and  is  likely  to  be  adopted  by  Messrs. 
Burgess  &  Key,  who  from  the  first  have  been  interested  iu  M‘Cor- 
mick’s  inventions.  The  mode  of  effecting  this  movement  is  extremely 
ingenious  in  a  mechanical  point  of  view.  A  wooden  rake  with  long 
wide-set  teeth  is  used,  to  which  certain  motions  are  given,  so  that 
during  one  portion  of  the  revolution  of  the  gathering  reel  the  rake 
acts  as  one  of  the  vanes  of  the  reel,  gathering  the  grain  towards  the 
cutting  blades,  and  then  when  the  rake  has  been  brought  with  its 
teeth  downwards  into  a  line  with  the  cutting  knives  in  front  of  the 
platform,  it  ceases  to  revolve  round  the  reel  shaft,  and  is  made  to 


Fig.  154. 


Mellor’s  Combined  Reaping  and  Thrashing  Machine. 
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move  horizontally  upon  a  vertical  hinge  above  one  end  of  it,  with 
the  ends  of  the  teeth  near  to  the  surface  of  the  platform,  so  as  to 
push  the  cut  grain  off  the  platform  to  one  side  of  it.  Motion  is  thus 
given  to  the  rake  so  as  to  cause  it  to  rotate  around  the  shaft  of  the 
reel,  and  also  so  that, the  rake  shall  be  brought  into  a  line,  or  nearly 
so,  with  the  shaft  of  the  reel  at  that  point  of  its  revolution  when  it 
again  begins  to  act  as  one  of  the  vanes  of  the  reel.  During  the 
intermittent  motions  of  the  rake  the  rotary  motion  of  the  reel  shaft 
is  continued. 


M'Cormick’s  Heaping  Machine— Plan. 


one  end  working  into  a  socket,  T,  on  the  arm,  and  with  a  universal 
joint ;  U  shows  a  cap  for  fitting  on  the  outer  end  of  the  reel  shaft,  L. 
The  machine  exhibited  is  beautifully  got  up,  the  work  throughout 
is  first-rate,  and  claims 

attention  from  those  in-  Fie- 15& 

terested  in  the  improve¬ 
ment  of  our  agricultural 
machinery. 

Russell’s  “  screw- 
power  ”  reaping  ma¬ 
chine,  manufactured 
and  exhibited  by 
Russell,  Tremain,  & 

Son,  of  Manlius,  New 
York,  is,  as  its  name 
imports,  of  a  novel 
construction.  The  in¬ 
ventor  of  this  machine 

has  introduced  the  M'Cormick’s  Reaping  Machine — Detail, 
application  of  a  screw 

movement,  for  conveying  power  and  motion  from  the  driving 
•wheel  to  the  cutting  bar  without  “toothed  gear.”  The  en¬ 
graving,  Fig.  159,  will  convey  a  very  distinct  idea  as  to  the  mode 
in  which  this  has  been  contrived.  The  power  is  obtained 
by  placing  a  set  of  solid  metal  friction  rollers,  about  3  inches 
diameter  and  21  in  number,  round  the  inner  face  of  the  driving 
wheel,  which  in  this  machine  is  about  three  feet  in  diameter. 
Standing  near  the  outer  edge  of  the  driving  wheel  is  the  crank 
shaft,  on  which  there  is  a  screw  about  6  inches  in  diameter. 
As  the  driving  wheel  revolves,  the  rollers  one  after  the  other 
run  on  the  flange  of  the  screw,  the  passage  of  each  roller 
causing  one  revolution  of  the  screw,  whereby  motion  and  power 


Fig.  157. 


The  manner  in  which  this  action  of  the  rake  is  shown  in  the 
accompanying  engravings — a  cam  with  levers  or  arms,  and  a  ball 
socket  joint  being  the  simple  mode  of  doing  the  work. 

Fig.  155  shows  the  front 
elevation,  and  Fig.  156  a 
plan  of  the  mechanism  first 
spoken  of.  Fig.  157  is  a 
section  through  the  shaft  l, 
in  front  of  the  cam,  B,  show¬ 
ing  the  mechanism  for  work¬ 
ing  the  rake,  d.  Fig.  158  is 
an  end  view  with  an  eccentric 
or  cam  guide  removed;  a  a 
are  the  reel  posts,  b  is  an 
eccentric  or  cam  guide.  Fitted 
to  the  inner  side  of  the  reel 
post,  A,  is  a  roller,  c,  free  to 
travel  in  the  track  of  the  cam 
guide,  b  ;  d  is  the  rake  con¬ 
nected  to  its  arm,  E,  and 
hinged  at  f  to  a  hollow  shaft, 
G ;  h  is  a  piece  forming  part 
of  the  hinge  fixed  to  the 
hollow  shaft,  G,  and  i  is  the 
hinge  pin ;  K  is  a  counter 
balance  weight ;  l  is  the  reel 
shaft ;  M  is  an  arm  connected 
to  the  hollow  shaft  g  ;  n  is 
an  arm  connected  to  the  reel 
shaft  L ;  o  is  a  link  on  the  arm  M,  and  p  is  a  link  on  the  arm  N ; 
Q  is  a  pin  passing  through  both ;  r  is  a  rod  for  connecting  the 
rake-arm,  E,  with  the  fixed  arm,  N.  It  is  provided  with  a  ball,  s,  at 


M'Cormick’s  Reaping  Machine 
— Sectional  Elevation. 


Fig.  159. 


Russell’s  Screw-power  Reaping  Machine. 

is  obtained  direct  from  the  driving  wheel,  with  but  small  cost 
and  little  friction.  The  inventor  claims  for  this  form  of  con¬ 
struction — 

1st,  Lightness  of  draught.  Having  no  friction  of  toothed  gearing 
to  overcome,  the  draught  is  considerably  lessened. 

2d,  Simplicity  of  construction  and  durability.  From  there  being 
but  little  friction  and  wear  and  tear  it  is  less  liable  to  get  out  of 
order,  and  will  last  much  longer. 
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3rd,  Convenience  of  operating.  The  finger-bar  being  flexible 
and  loose  jointed,  can  be  stiffened  at  pleasure  by  the  driver, 
and  turned  up  and  secured  in  a  perpendicular  position  for 
travelling. 

4th,  An  adjustable  reel,  -which  will  follow  the  position  of  the 
platform  in  reaping,  however  uneven  the  surface  may  be. 

It  is  quite  true  that  a  large  amount  of  power  is  absorbed  in  over¬ 
coming  the  friction  of  gearing  generally.  In  the  ordinary  mode  of 
constructing  reaping  machines  two  sets  of  cogged  wheels  and  pinions 
are  used  to  give  the  necessary  motion  to  the  knives ;  therefore  any 
mode  of  effecting  this  necessary  part  of  the  operation  by  which 
friction  could  be  lessened,  would  clearly  be  a  gain  of  power  and  an 
important  improvement  to  the  machine.  We  have  the  assurance 
of  the  inventor  that  this  has  been  done  by  the  application  of  the 
screw  and  friction-rollers  as  substitutes  for  the  toothed  gearing  of 
ordinary  machinery  ;  that  the  machine  has  been  tried  in  the  field 
with  other  machines  operating  under  exactly  the  same  conditions ; 
aud  that  the  saving  of  draught  has  been  shown  by  the  dynamometer 
to  be  equal  to  20  per  cent,  on  the  average  draught  of  other  machinery 
of  a  similar  breadth  of  cut.  This  form  of  gearing  for  transmitting 
power  is  equally  applicable  to  all  kinds  of  machines  where  horse 
power  is  used  as  the  prime  mover.  In  the  present  application  of 
it  to  a  machine  whose  functions  require  it  to  travel  over  rough  sur¬ 
faces,  covered  with  stubble,  weeds,  loose  stones,  &c.,  our  first  im¬ 
pression  would  probably  be  t  hat  where  so  many  centres  of  possible 
friction  are  presented  as  by  the  twenty-one  rollers,  either  portions 
of  soil  or  other  material  might  get  attached  to  them,  interfere  with 
their  free  motion,  and  thus  create  the  very  friction  so  costly  in  the 
ordinary  forms  of  construction.  These  machines  will  probably  be 
tried  in  this  country  in  the  coming  harvest,  and  then  we  shall  soon 
know  how  far  they  support  in  the  field  the  character  claimed  for 
them  by  their  ingenious  inventor. 

In  the  machines  constructed  by  the  other  exhibiters  there  are  no 
points  worthy  of  special  note,  as  they  are  both  well  known  in  this 
country. 

An  apparatus  under  the  taking  title  of  an  “  Improved  Cow-Milker” 
has  just  been  added  to  the  American  collection.  It  has  certainly 
the  charm  of  novelty  to  recommend  it,  while  at  the  same  time  its 

mechanical  arrange¬ 
ments,  combining 
simplicity  of  action 
with  economy  of  price, 
give  prima  facie  evi¬ 
dence  in  its  favour. 
Fig.  160  will  give  a 
good  idea  of  its  ar¬ 
rangement.  The  pail 
or  receiver  for  the 
milk,  A,  is  held  be¬ 
tween  the  knees  of  the 
milker  in  the  ordin¬ 
ary  way ;  the  invert¬ 
ed  conical  cups,  B, 
which  are  made  in 
vulcanized  rubber,  are 
then  pressed  against 
the  udder  of  the  cow,  and  her  teats  inserted  in  them.  Pressing  the 
lever  arms  or  handles,  D,  which  work  upon  a  hinge  or  fulcrum, 
d,  together,  the  india-rubber  valves,  c,  are  drawn  out  and  create 
a  vacuum  in  the  milk  box,  e,  into  which  the  conical  cups,  b,  ter¬ 
minate — the  pressure  of  the  external  air  then  acting  upon  their 
surface  compresses  their  sides  so  as  to  squeeze  out  the  contents  of 
the  teats  inclosed  and  firmly  grasped  by  them,  the  milk  running  into 
the  box,  E,  whence  by  a  self-acting  valve  it  descends  into  the  pail, 
A.  The  milk -box,  e,  is  separated  by  a  diaphragm  into  two  divisions; 


each  handle,  D,  working  the  two  teats  on  the  same  side.  The  opera¬ 
tion  is  very  speedy,  and  is  readily  practised.  The  ingenious  inventors 
are  Messrs.  Kershaw  &  Colvin  of  Philadelphia,  who  state  that  they 
have  used  them  in  a  dairy  of  one  hundred  and  twenty  cows  for  the 
last  eighteen  months,  and  find  them  cleanly,  expeditious,  and 
economical,  and  are  now  ready  to  sell  them  in  any  quantities.  The 
apparatus  exhibited  is  very  neatly  made  indeed,  and  as  the  selling 
price  is  only  10  dols.,  or  £2,  it  is  hoped  they  may  speedily  meet  with 
a  good  trial  here. 

PRANCE. — As  might  reasonably  be  expected  from  the  proximity 
of  the  two  countries,  and  from  the  business  relations  every  year 
increasing  in  magnitude  and  in  importance  between  them,  the  French 
collection  of  agricultural  machines  and  implements  takes  the  first 
place  in  importance,  as  it  does  in  number  of  specimens,  after  our  own 
special  class.  On  the  whole  the  collection  is  a  very  good  one,  and 
a  fair  exponent  of  the  condition  of  the  industry  it  represents.  In 
going  over  the  collection,  however,  the  eye  too  frequently  rests,  upon 
the  well-known  forms  of  the  machines  and  implements  we  have 
been  accustomed  to  use  at  home  ;  and,  where  that  is  not  the  case, 
the  attention  is  not  generally  sufficiently  arrested  by  either  the  prin¬ 
ciple  of  construction  or  the  workmanship  employed  in  the  implement 
to  wish  to  take  it  as  a  model  for  our  own  use.  The  manufacture 
of  agricultural  machines  in  France  has  without  question  made  vast 
progress  during  the  past  few  years ;  but  the  conception  of  the  field 
requirements  of  agriculturists  has  perhaps  hardly  advanced  in  the 
same  ratio  as  with  us  ;  at  all  events  we  find  no  evidence  of  it  in  the 
shape  of  new  inventions  in  the  collection  now  exhibited. 

The  mowing  and  reaping  machine  of  Dr.  Mazier  of  Laigle  is 
entitled  to  every  recommendation.  It  is  light  of  draught,  simple  in 
construction,  and  economical  in  price ;  and  in  the  trial  field  has 
shown  itself  to  be  a  very  efficient  machine. 

The  director  of  the  well-known  Agricultural  School  at  Grignon, 

M.  Bella,  has  sent  a  collection  of  the  various  machines  and  imple¬ 
ments  made  at  the  establishment  under  his  direction.  These  may 
be  looked  upon  as  representing  the  most  improved  constructions  and 
forms  of  the  machines,  &c.,  at  present  used  in  France,  and  reflect 
great  credit  on  the  head  as  well  as  on  the  skill  of  the  manufacturing 
staff. 

A  reaping  machine  (Wood’s  patent),  a  portable  engine,  &c.,  are 
exhibited  by  Barbier  &  Daumde  of  Clermont  Ferrand,  whose  esta¬ 
blishment  enjoys  a  high  reputation  throughout  the  central  depart¬ 
ments  of  France. 

J.  Cumming  of  Orleans  exhibits  a  combined  thrashing  machine 
and  a  steam  engine,  both  after  English  models.  They  are  extremely 
well  made,  and  contain  all  the  modern  improvements.  The  engine 
is  said  to  work  with  two  kilos  (about  three  pounds)  of  coal  per 
horse-power  per  hour. 

The  combined  thrashing  machine  of  A.  B.  Albaret  &  Co.  of 
Liancourt  is  on  a  large  scale,  and  is  stated  to  be  able  to  thrash 
and  dress  twenty-five  hectolitres  of  grain  (nearly  eight  quarters)  per 
hour  with  the  power  of  eight  bullocks.  The  large  power  chaff- 
cutter  of  this  exhibiter  is  open  to  the  serious  objection  of  a  great 
interval  between  the  cut  of  the  two  knives  attached  to  the  fly  wheel. 
The  difference  in  the  resistance  offered  by  the  material  to  the 
cutting-knives,  thus  caused,  is  shown  by  the  irregular  6peed  and 
vibratory  action  of  the  wheel  when  at  work,  and  must  sooner  or 
later  tell  upon  the  gearing  of  the  machine.  In  other  respects  it  is  a 
strong  and  well-made  machine. 

The  ploughs  shown  by  M.  Ganneron  of  Paris  comprise  some  of 
large  size,  suitable  for  deep  ploughing  where  a  force  of  six  horses 
can  be  applied.  Amongst  them  is  a  turnwrist  plough,  very  strong 
and  of  good  workmanship,  with  which  a  very  deep  furrow  could  be 
turned.  A  thrashing  machine  on  the  American  system  is  also 
exhibited. 

M.  Pinet  of  Abilly  sends  his  well-known  horse-walks,  which  are  ] 


Fig.  160. 


American  Cow-milker. 
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simple  in  their  arrangement,  and  suitable  for  either  large  or  small 
holdings,  their  moderate  price  placing  them  within  the  reach  of  all 
classes  of  farmers. 

The  sowing  machines  of  R.  Jacquet  of  Arras  have  the  defect  of 
fixed  shoots  and  coulters,  so  that  the  seed  must  always  be  deposited 
in  lines  of  a  certain  width  apart.  Now  that  farmers  are  beginning 
to  recognize  the  policy  of  not  crowding  their  plants  too  close  on  the 
ground,  and  are  gradually  increasing  the  intervals  between  the  drills 
or  rows,  every  encouragement  and  assistance  should  be  afforded 
them  by  arranging  their  machinery  so  as  to  enable  them  to  carry 
out  such  an  advantageous  system. 

The  aratory  implements  exhibited  by  M.  de  Metz,  director  of  the 
colony  of  Mettray,  comprise  the  ploughs,  of  which  a  series  of 
different  sizes  is  exhibited,  and  the  various  tools  and  implements 
made  use  of  for  tillage  purposes  in  that  well-known  establishment. 
An  ingenious  method  of  ventilation  for  hay  or  corn  stacks  is  shown 
by  M.  Perrigault  of  Rennes.  Granaries  for  the  preservation  of  grain 
on  a  novel  construction  are  exhibited  by  E.  Pavy  of  Girardet,  and 
by  H.  Huart  of  Cambray.  They  both  deserve  the  inspection  of 
those  interested  in  the  storing  of  grain.  A  model  of  another  mode 
of  construction  for  the  same  purpose,  is  contributed  by  M.  Devaux 
of  London. 

There  are  several  very  interesting  plans  and  models  shown 
bearing  upon  various  points  affecting  agriculture.  The  plans  of 
the  canal  of  irrigation  of  Carpentras,  a  work  of  great  magnitude, 
being  some  fifty  miles  in  length,  are  admirably  shown.  M.  Vander- 
colme  of  Rixpoide,  near  Dunkirk,  and  the  Count  de  Conedic  of 
Quimperle,  have  also  sent  some  important  and  interesting  contribu¬ 
tions  to  this  portion  of  our  subject.  One  or  two  small  collections  of 
hand  tools,  such  as  forks,  scythes,  &c.,  are  sent  by  different  exhi- 
biters,  none  of  which,  however,  contain  any  points  worthy  of  remark. 

BELGIUM. — The  collection  of  Belgian  agricultural  implements 
at  once  attracts  attention  by  the  quaintness  of  shape  and  the  bright¬ 
ness  of  the  colours  of  several  of  the  more  prominent  specimens 
exhibited.  The  visitor  who  has  been  accustomed  only  to  see  the 
tine  lines  and  the  quiet  colours  of  the  long  range  of  implements  in 
our  own  well-represented  class,  would  probably  pass  on  without 
thinking  it  worth  while  to  give  more  than  a  passing  glance  upon 
these  curious  representatives  of  farm  auxiliaries.  In  their  own 
country,  however,  many  of  them  have  a  higher  reputation  than  we 
should  probably  be  disposed  to  accord  to  them  in  a  competitive 
examination  here ;  and  we  must  frankly  admit  that  the  condition  of 
agriculture  in  that  country  claims  our  respectful  consideration,  and 
offers  without  doubt  many  lessons  by  which  we  might  profit 
in  this.  The  ploughs  of  M.  Delstanche  of  Marbais,  Brabant, 
and  of  J.  M.  Odeurs  of  Marlinne,  Limburg,  are  excellent  speci¬ 
mens  of  this  class.  Both  of  these  exhibiters  have  a  high  reputation 
in  their  respective  districts,  and  their  ploughs  have  come  out  of  the 
trial  field  with  great  credit  and  honour.  At  the  Great  Industrial 
Exhibition  of  1851  they  competed  in  the  trial  field  with  the  ploughs 
of  several  different  countries  ;  and  again  in  1855  at  Paris;  and  at 
both  they  were  considered  worthy  of  a  prize  medal.  It  is  to  be 
regretted  that  no  trials  have  been  allowed  at  this  industrial  gathering, 
as  it  is  quite  impossible  to  form  a  correct  judgment  of  the  real  value 
of  a  machine  or  implement  unless  it  be  seen  in  operation,  under  as 
nearly  as  possible  the  same  conditions  it  is  likely  to  meet  with  in  its 
future  career.  Had  such  been  the  case  in  the  present  instance  we 
could  have  made  a  more  valuable  comparison  between  the  construc¬ 
tion  of  our  own  ploughs  and  those  coming  from  foreign  countries, 
and  thus  been  able  either  to  learn  a  lesson  ourselves  or  teach  a  very 
important  one  to  others. 

J.  Tixhon  of  Liege  exhibits  a  collection  of  implements  manu¬ 
factured  in  his  establishment,  which  enjoys  a  considerable  reputation 
in  that  province  of  Belgium. 

The  collection  of  E.  van  Maele  of  Thielt  contains  also  several 


ploughs  resembling  in  their  construction  those  of  the  preceding  exhi- 
biter.  They  are  well  made  implements,  somewhat  primitive  in  their 
forms,  and  with  broad  curved  shares  attached  to  the  body  of  the 
ploughs.  The  sowing  machine  of  this  exhibiter  is  upon  the  rotary 
broadcast  principle  described  in  the  Prussian  collection.  The  grain 
is  distributed  by  the  rapid  rotation  of  the  mouthpiece  or  shoot — the 
force  required  being  communicated  by  the  motion  of  the  carrying 
wheels  of  the  machine. 

The  collection  of  E.  de  Gruff,  of  Hal,  Brabant,  contains  turnip 
cutters,  chaff  cutters,  and  small  machines  of  a  similar  character,  made 
chiefly  after  models  that  have  long  since  been  greatly  improved  upon 
in  this  country. 

A  double  mould-board  plough  of  improved  construction  is  exhi¬ 
bited  by  Lecomte  of  Pont-a-Celles,  Hainault. 

We  find  also  in  the  collection  two  exhibiters — P.  Borthier  of  Ghis- 
telles,  West  Flanders,  who  displays  a  plan  or  scale  in  relief  of  his 
farm,  to  which  he  has  given  the  name  of  Britannia ;  and  the  Baron  E. 
Peers  of  Oostcamp,  West  Flanders,  a  plan  of  whose  farm  establish¬ 
ment  is  also  presented  to  us.  Both  these  gentlemen  rank  high 
among  the  advanced  agriculturalists  of  their  country,  and  deserve 
commendation  for  the  service  they  have  rendered  by  preparing  for 
exhibition  the  detailed  plans  of  their  farms.. 

ITALY. — The  Italian  collection  is  a  very  large  and  very  good  one. 
The  Marquis  Bertone  di  Sambuy  sends  a  set  of  three  ploughs — stout 
and  well  made,  the  bodies  in  iron,  and  the  beams  in  wood.  The 
coulters  are  movable;  the  curve  of  the  mould -boards  appears 
rather  abrupt,  and  likely  to  increase  the  resistance  offered  by  the  wide 
and  deep  furrow  slice  the  ploughs  are  evidently  intended  to  take.  The 
smaller  plough  is  drawn  by  two  oxen,  and  is  suitable  for  light  soils  or 
shallow  work.  The  second  is  employed  where  the  soil  requires  to  be 
ploughed  to  a  greater  depth — say  nine  to  twelve  inches,  and  where 
four  to  six  oxen  are  used ;  while  the  third  plough  is  intended  for 
deeper  work  still — from  twelve  to  sixteen  inches  being  turned  over 
if  a  proportionate  traction  force  be  applied. 

Professor  Bottu  of  Bologna,  and  the  Bologna  Agricultural  Society 
each  send  interesting  models  and  collections  of  tools  and  products 
illustrative  of  the  hemp  cultivation  of  that  part  of  Italy.  A  plough 
for  deepening  the  furrow  made  by  the  ordinary  plough,  and  also 
used  in  the  hemp  districts,  is  shown  by  A.  Certanius  of  Bologna. 
B.  Ciapetti  of  Florence  exhibits  a  good  collection,  containing, 
amongst  other  things,  strong,  well-made  ploughs  taking  a  great 
width  of  furrow  slice ;  also  a  well-made  chaff-cutter  of  good  construc¬ 
tion  ;  and  an  excellent  machine  for  stripping  maize  cobs. 

The  ploughs  exhibited  by  the  Count  de  Cambray  Digny,  have  a  great 
reputation  in  Tuscany,  where  they  are  largely  used.  They  are  very 
well  made  and  finished,  have  a  guide-wheel  in  front  to  regulate  the 
depth,  with  movable  coulters ;  but  the  mould-boards,  which  have  the 
same  helicoidal  curve  increasing  towards  the  extremity  already 
remarked  upon,  give  them  the  appearance  of  being  of  heavy  draught. 
Guppy  and  Patison  of  Naples  exhibit  an  oil  press  of  good  construc¬ 
tion,  and  also  an  apparatus  on  a  large  scale  for  winding  silk  from 
the  cocoons,  which  appears  to  be  highly  thought  of  by  those  con¬ 
versant  with  the  requirements  of  the  silk  industry. 

The  Marquis  Pizzardi  and  Brothers  exhibit  a  machine  for  cutting 
up  hoofs  and  horns  or  any  other  substance  of  a  tenacious  character 
suitable  for  manure.  There  are  two  sets  of  cutters,  by  which  the 
substances  submitted  are  cut  up  into  slices  of  different  degrees  of 
fineness.  The  mechanical  construction  of  the  machine  has  nothing 
to  recommend  it,  and,  except  where  small  quantities  of  materials 
were  operated  upon,  and  hand  labour  most  costly,  its  application 
would  necessarily  be  very  limited. 

AUSTRIA. — The  Austrian  collection  of  implements,  though  not 
numerous,  is  a  tolerably  fair  representation  of  the  state  of  that 
branch  of  manufacture  in  the  countries  where  the  several  exhibiters 
are  located.  In  many  of  the  articles  exhibited  the  original  model 
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is  readily  recognized.  The  workmanship  is  exceedingly  good,  and 
like  the  Swedish  implements,  they  have  the  merit  of  cheapness  of 
cost  The  Hungarian  moulding  plough  of  F.  Bokor  is  a  well  made 
implement ;  and  the  collection  of  Borrosch  and  Eichman  of  Prague 
contains  representatives  of  a  large  number  of  the  various  machines 
and  implements  usually  met  with  on  the  farm. 

Another  large  collection  of  a  similar  character  is  shown  by  Yidats 
Brothers  of  Pesth;  the  construction  and  the  workmanship  are  very 
creditable,  and  the  implements  have  every  evidence  of  being  good 
and  serviceable  auxiliaries  in  the  field. 

The  ploughs  exhibited  by  Stephen  Farkas,  of  Pesth,  are  worthy 
of  notice.  They  are  largely  used  in  that  part  of  Hungary,  where 
the  establishment  has  a  high  reputation  for  the  different  implements 
it  turns  out  A.  Gubitz  of  Pesth  is  another  manufacturer  of 
ploughs  whose  reputation  is  equally  good  for  the  workmanship  and 
materials  used  in  his  establishment,  of  which  the  ploughs  exhibited 
are  good  specimens.  Another  extensive  manufacturer  of  ploughs, 
J.  Mizaros  of  Gross-Zuckendorff,  also  in  Hungary,  sends  good  speci¬ 
mens  of  his  establishment. 

The  maize-husker  of  Count  C.  Cristallnig  of  Carinthia,  is  a  well 
made,  useful,  and  at  the  same  time  simple  and  inexpensive  machine, 
and  is  worth  notice  by  those  whose  climate  admits  of  the  culti¬ 
vation  of  Indian  com. 

Some  weighing  machines  for  cattle  and  heavy  goods,  and  measur¬ 
ing  machines  for  grain,  exhibited  by  G.  Quaglio  of  Vienna,  and  by 
F.  Reach  of  Prague — with  a  thrashing  machine,  some  dairy  utensils, 
beehives,  &c.,  which  in  themselves  claim  no  special  remarks,  form 
the  principle  objects  of  this  collection. 

PRUSSIA. — An  excellent  collection  of  agricultural  machines  and 
implements  is  exhibited  by  Pintus  and  Company  of  Brandenberg, 
near  Berlin.  They  are  mostly  made  after  English  models,  and  may 
be  taken  as  good  evidence  of  the  beneficial  results  of  these  Inter¬ 
national  Exhibitions,  as  the  improvement  which  has  taken  place  in 
this  branch  of  industry  in  Prussia  even  since  the  Paris  Exhibition 
of  1855  is  too  palpable  to  be  mistaken.  No  less  than  three  reaping 
and  mowing  machines  are  exhibited  in  this  collection ;  they  are  all 
on  the  M'Cormick  principle  of  cutting,  a  reel  bringing  the  com  up 
to  the  platform,  and  a  raker  removing  it  in  the  ordinary  way.  They 
6how  extremely  good  workmanship,  as  indeed  do  all  the  other  arti¬ 
cles  exhibited.  The  chums  are  amongst  the  best  in  the  building ; 
they  are  made  after  Lavoisy’s,  which  was  tried,  and  received  a  medal 
at  the  Exhibition  of  1851.  The  importance  of  the  two  principles, 
“  temperature  and  agitation,”  is  here  recognized ;  the  churns  are 
cylindrical  in  shape  and  made  of  tin,  and  are  inclosed  in  an  open 
tin  bath,  by  which  the  temperature  can  be  easily  regulated,  a  handle 
with  multiplying  wheel  giving  a  rapid  rotary  action  to  the  dashers. 
The  broadcast  sowing  machine  is  simple  in  construction — a  spindle 
traversing  the  length  of  the  bou  or  hopper  carries  a  small  number 
of  discs  to  which  caps  are  attached.  These  when  at  work  deliver 
the  grain  or  seeds  down  a  short  spout  on  to  a  distributing  board, 
from  which  it  falls  to  the  ground.  A  novel  mode  of  broadcasting 
by  centrifugal  force  is  shown  in  the  shape  of  a  little  machine  which 
is  carried  suspended  from  the  neck  of  the  sower.  The  body  of  the 
machine,  which  is  very  lightly  made  of  tin  to  contain  about  half  a 
bushel,  contains  the  grain,  which  passes  out  by  gravitation  through 
a  spout,  the  mouthpiece  of  which  is  of  the  shape  of  a  hemisphere, 
and  has  four  or  more  divisions.  This  mouthpiece,  which  is  separate 
from  the  body  of  the  machine,  has  a  rapid  rotary  motion  given  to  it 
by  means  of  a  handle  in  the  multiplying  gearing,  which  is  worked 
by  the  sower,  and  acts  directly  upon  the  spindle  to  which  the  mouth¬ 
piece  is  attached.  As  the  grain  passes  out,  it  is  caught  by  this 
rapid  rotary  movement  and  cast  all  round  to  a  distance  from  the 
sower.  A  large  6et  of  drag  harrow’s  is  also  exhibited.  It  is 
extremely  well  made,  but  appears  to  be  liable  to  clog  up  on  either 
wet  or  foul  lands.  A  combined  thrashing  machine,  made  after  an 


English  model,  with  some  very  good  ploughs,  complete  the  very 
creditable  collection  of  this  exhibiter. 

N.  F.  Eckert  of  Berlin  exhibits  also  a  collection  of  machines 
and  implements.  The  ploughs  are  strongly  made  serviceable 
implements ;  the  bodies  are  in  iron,  and  the  beams  in  wood ;  the 
coulters  are  generally  movable,  while  the  shares  are  fixed  to  the 
end  of  the  mouldboard.  They  have  a  fore-wheel  carriage,  by 
which  the  draught  and  depth  of  furrow  can  be  regulated.  In  this 
collection  the  thrashing  machine  and  the  winnower  are  made  after 
English  models,  as  is  also  an  iron  grubber  (Finlayson’s  shape), 
which  is  strong  and  very  well  made. 

The  collection  exhibited  by  H.  Cegielsky  of  Posen  also  deserves 
notice,  as  showing  good  and  substantial  workmanship. 

WURTEMBERG. — The  collection  of  horticultural  tools  of  Ditt- 
mar  Brothers  of  Heilbronn,  represents  a  manufacturing  establish¬ 
ment  well  known  in  Germany,  and  highly  esteemed  for  the 
quality  of  its  goods.  Dr.  Rau  of  Hohenheim,  exhibits  a  very  inter¬ 
esting  set  of  museum  models  of  ploughs,  and  of  their  predecessors 
from  the  earliest  periods.  They  are  about  one  hundred  and  fifty 
in  number,  and  being  all  distinctly  labelled,  they  give  a  very  excel¬ 
lent  “eye  lecture”  on  that  most  important  and  universal  imple¬ 
ment  of  the  farm. 

MECKLENBURG-  SCHWERIN.  — A  Mecklenburg  hook  -  plough 
exhibited  by  M.  Meyer  of  Schwaan,  is  the  sole  representative  of 
Class  9  in  this  country.  A  comparison  between  the  mechanical 
construction  of  the  ploughs  by  this  and  other  countries,  and  that 
of  M.  Meyer  would  be  greatly  to  the  benefit  of  the  agriculturists 
of  his  country — as  the  type  of  their  ploughs  here  exhibited  is 
certainly  far  behind  the  present  state  of  agricultural  mechanics 
in  most  other  countries. 

HANSE  TOWNS.  —  From  the  Hanse  Towns  no  implements  or 
machines  at  all  are  exhibited. 

DENMARK. — The  collection  from  this  country  but  poorly  repre¬ 
sents  its  agricultural  condition.  Two  collections  of  agricultural 
implements  are  sent  by  M.  P.  Allerup  of  Odensee,  and  by  Th. 
Marstrand  of  Copenhagen.  These  compose  also  specimens  of  the 
principal  tools,  &c.,  employed  on  the  farm,  and  for  gardening  pur¬ 
poses.  Our  dairy  farmers  would  do  well  to  notice  the  large  flat 
enamelled  iron  milk  dishes,  suitable  for  large  establishments, 
exhibited  by  Schweffel  and  Howald  of  Kiel.  The  method  of 
supplying  them,  however,  is  not  so  simple  and  efficient  as  that 
shown  in  the  Swedish  milk  dishes ;  in  them  it  is  effected  by  a  tilting 
screw,  and  a  broad  blade  of  wood,  by  which  the  cream  is  skimmed 
and  removed  off  the  surface  of  the  inclined  dish.  Sowing  machines, 
both  for  broad  cast  and  drills,  are  sent  by  J.  C.  Stech  of  Ratzeburg. 
The  clockwork  arrangement  for  regulating  the  quantity  sown, 
however  ingenious  it  may  be,  is  hardly  suitable  for  the  rough 
treatment  of  a  farm  establishment. 

NORWAY. — The  contributions  to  the  class  from  this  country  are 
not  very  important  or  numerous.  A  chaffcutter  and  a  Norwegian 
harrow  are  exhibited  by  0.  Jacobson  of  Christiania.  The  former 
is  after  an  English  model,  and  the  latter  shows  but  little  improve¬ 
ment  in  construction  since  it  was  first  introduced.  In  the  one 
exhibited  there  are  three  sets  of  iron  spurs  with  four  rowels  only, 
each  fixed  upon  three  parallel  axles.  These  all  revolve  at  the 
same  speed,  and  owing  to  the  distance  between  the  rowels,  the 
surtace  cannot  be  operated  upon  so  well  as  if  the  number  of  rowels 
on  each  set  of  spurs  was  different,  and  the  spurs  themselves  were 
free  to  revolve  on  their  axles.  There  are  no  wheels  to  the  imple¬ 
ment,  which  lies  flat  on  the  surface,  and  no  mode  of  either  elevating 
or  lowering  it  for  clearing  when  it  gets  clogged.  The  manufac¬ 
ture  is  good,  but  the  principle  of  construction  faulty. 

Dr.  Schiibler  of  Christiania  exhibits  a  hand  and  a  horse  cultiva¬ 
tor,  each  on  a  scale  however  more  suited  to  garden  than  to  field 
cultivation.  They  are  single  in  form,  and  likely  to  be  efficient  in 
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their  work.  A  strong  and  well-made  iron  plough,  with  steel  share 
and  mould-board,  is  exhibited  by  C.  W.  Roysing  of  Frederikstad. 
The  models  exhibited  by  Biseth  of  Christiania  evidently  refer  rather 
to  the  past  than  to  the  present  forms  and  construc¬ 
tion  of  the  implements  they  are  intended  to  represent. 

SWEDEN. — The  character  of  the  articles  exhibited 
by  Sweden  is  certainly  more  advanced  than  that  of 
the  preceding  country.  The  clover  thrashing  and 
cleaning  machine  exhibited  by  L.  G.  Celsing  of 
Helleforss,  Sudermannia,  appears  to  be  well  arranged 
for  the  purpose.  It  is  simple,  yet  stroDgly  con¬ 
structed,  and  has  the  reputation  of  being  an  efficient 
machine.  The  ploughs  exhibited  by  different  makers 
are  good  and  serviceable  implements,  and  withal 
remarkably  cheap  and 
well  made.  Some  of 
them  made  of  iron, 
with  trussed  beams,  well- 
curved  mould -boards, 
complete,  are  sold  as  low 
as  35s.,  37s.,  and  50s. 

These  are  exhibited 
chiefly  by  the  Lyckeby 
and  the  Ofverum  Iron 
Works  Companies  of 
Calmar.  This  latter  com  - 
pany  sends  two  churns, 
one  a  long  tin  cylinder 
with  a  vertical  recipro¬ 
cating  plunger  move¬ 
ment,  the  other  different 
in  shape,  with  a  rotary 
movement,  and  inclosed 
in  a  tin  water  bath,  by 
which  the  temperature 
of  the  cream  can  be 
readily  regulated.  The 
dairy  milk  dishes  are  also  worthy  of  notice  for  their  cheapness 
and  efficient  construction.  The  arrangement  for  drawing  off  the 
milk  is  very  good. 

RUSSIA. — In  Russia  there  are  only  some  half  dozen  exhibiters, 
the  principal  one  of  whom  is  R.  Cichowski  of  Linow,  in  the  govern¬ 
ment  of  Radom,  who  has  sent  several  specimens  of  his  manufacture, 
for  which  he  “  claims  merit  for  the  principle  of  their  construction, 
not  for  their  workmanship.”  The  ploughs  are  made  with  wooden 
beams  and  iron  bodies ;  they  are  somewhat  peculiar  in  their  con¬ 
struction,  as  they  have  no  “  sole.”  In  one  plough  there  is  only  a 
mould-board,  with  share  attached ;  in  all,  the  coulter  forms  part  of 
the  body,  being  cast  together  in  one  piece.  They  are  upon  the 
swing  principle ;  in  some  a  single  small  guide-wheel  runs  in  front, 
for  the  purpose  of  regulating  the  depth.  A  double  plough  is 
exhibited,  constructed  in  the  ordinary  manner,  with  the  coulter 
detached  ;  the  bodies  are  in  metal  and  the  frame  in  wood.  A  set 
of  harrows  in  iron,  of  the  old  V  form,  is  shown  by  the  same  maker. 
These,  however,  certainly  do  not  merit  consideration  for  the  prin¬ 
ciple  of  their  construction,  inasmuch  as  the  central  hinged  joint  and 
expanding  bars  of  the  ordinary  harrows  of  this  shape  are  absent,  and 
their  capacity  is  consequently  limited  to  one  certain  width.  Neither 
does  the  cultivator  of  the  same  exhibiter  display  the  merits  claimed 
for  it.  Besides  these  there  are  draining  tools,  &c.,  from  the  iron¬ 
works  of  Olonetz — a  plough  from  Warsaw — a  model  of  a  drying- 
kiln  from  Mustiala  Agricultural  Institution,  in  the  government  of 
Tavasthus,  in  Finland— and  models  of  beehives  from  Kasan.  A 
model  of  a  machine  for  cleaning  and  dressing  linseed  and  other 
smaller  sized  seeds,  however,  appears  to  be  of  a  far  higher 


character  than  the  other  machinery  exhibited,  and  likely  to  make  a 
very  efficient  machine  for  the  purposes  named. 

BRICK  AND  PIPE  MAKING  MACHINES  are  included  in  Class  8, 

Fig.  161. 


and  are  to  be  found  located  here  and  there  in  the  Western  Annexe. 
Hitherto  they  have  always  been  classed  with  the  machines  and 
implements  used  for  agricultural  operations,  and  are  usually  exhi¬ 
bited  at  the  general  annual  meetings  of  the  National  Agricultural 
Societies;  hence  they  are  now  appended  to  the  descriptive  review 
of  Class  9,  instead  of  taking  their  place  in  Class  8,  assigned  to  them 
in  the  official  catalogue.  They  are  but  few  in  number — some  ten  or 
twelve  in  all ;  and  most  of  them  have  already  been  described,  and 
are  well  known  in  this  country. 

BRADLEY  &  CRAVEN’S  Brick-making  Machine  (1561) — which  is 
separated  from  the  others,  and  is  to  be  found  in  the  Eastern  Annexe 
— works  on  the  opposite  principle  to  that  of  most  other  makers,  by 
forming  the  clay  in  moulds  instead  of  forcing  it  through  dies,  and 
dividing  the  stream  of  clay  into  bricks  by  the  intersection  of  wires. 
From  the  experience  gained  in  working  machines  on  the  latter 
system,  it  would  appear  that  several  rather  serious  difficulties  arise, 
which  are  entirely  avoided  by  the  principle  of  construction  of  the 
moulding  machines.  It  is  a  first  requisite  for  the  proper  working 
of  die  and  wire-cutting  machines  that  the  clay  should  be  a  strong 
plastic  kind,  or  it  will  not  pass  through  the  die  with  a  surface  suffici¬ 
ently  smooth  for  the  face  of  the  brick ;  and  with  clay  of  this  degree  of 
plasticity,  the  drying  and  burning  processes,  so  important  in  the 
manufacture  of  sound  bricks,  are  apt  to  be  very  irregular,  and  to 
cause  a  considerable  proportion  of  unsound  and  inferior  make. 

This  was  well  known  to  the  earlier  mechanical  brickmakers,  and 
no  doubt  was  the  main  cause  which  led  to  the  introduction  by  Beart 
of  perforated  bricks,  by  which  means  strong  plastic  clays  could  be 
dried  and  burned  in  the  kiln  in  a  regular  and  sound  manner.  But  in 
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order  to  insure  this  necessary  quality  in  bricks  made  from  the  strong 
clays,  it  has  been  found  necessary  to  reduce  the  tenacity  of  the  clay 
before  it  is  moulded  by  the  mixture  of  sand,  breeze,  &c.,  in  certain 
proportion,  so  that  they  may  be  secure  from  cracking  during  the 
operation  of  drying  and  burning.  Now,  this  reduction  of  its  plas¬ 
ticity  reduces  the  clay  more  or  less,  according  to  the  relative  pro¬ 
portions  used,  to  the  “  mildness,”  as  it  is  usually  termed,  of  ordinary 
brick  earth,  which,  from  its  shortness  and  want  of  cohesion,  will  not 
stand  up  against  the  die  with  sufficient  firmness  to  cause  it  to  pass 
through  with  a  smooth  surface,  and  consequently  the  angles  have 
too  commonly  a  jagged  and  rough  appearance.  If  it  passes  through 
the  die  fairly,  however,  it  still  has  to  encounter  other  difficulties. 
The  sand  and  breeze  used  for  reducing  its  plasticity,  if  not  finely 
divided  and  well  mixed  up  in  the  mass,  are  apt  to  impede  the  trans¬ 
verse  cut  of  the  wires,  and  cause  them  to  leave  very  rough  uneven 
ends.  The  ordinary  cutting  tables  of  these  machines  consist  of  a 
series  of  small  rollers  over  which  the  stream  of  moulded  clay  travels, 
the  wires  intersecting  it  vertically  at  given  distances,  thus  separat¬ 
ing  the  stream  of  clay  into  certain  determinate  lengths.  During 
this  part  of  the  operation  the  clay  has  a  tendency,  after  being  forced 
out  of  the  machine,  to  alter  its  shape  and  to  flatten  out,  becoming 
thinner  in  its  vertical,  and  wider  in  its  horizontal  section. 

The  action  of  this  machine,  illustrated  by  Fig.  161,  is  as  follows  : 
— The  clay  on  being  dug  from  the  earth  is  delivered  direct  to  the 
machine,  which  grinds  and  sinks  it  into  a  close,  dense,  thoroughly 
amalgamated  mass,  and  fills  it  into  the  moulds  with  great  solidity. 
One  pair  of  the  moulds  (of  which  there  are  twelve  in  the  face  of  the 
rotating  table)  receive  the  charge  of  clay  at  a  time  from  the  mill. 
During  the  moment  this  operation  is  going  on  the  table  is  quite 
stationary,  and  two  other  moulds  that  have  been  previously  filled  are 
being  subjected  to  considerable  pressure  by  pistons  on  the  opposite 
side  of  the  table  to  the  mill,  and  two  finished  bricks,  that  have  been 
discharged  by  an  inclined  plane  from  the  moulds,  are  delivered  on  to 
a  creeper  band  by  the  action  of  the  machine  for  removal  to  the 
kilns  or  sheds  in  the  shape  of  perfect-faced  bricks.  Thus  the  only 
labour  required  is  to  keep  up  a  supply  of  the  crude  clay  to  the  mill, 
when  the  machine  itself  takes  it,  prepares  it,  manufactures  the 
bricks,  and  then  delivers  them  to  the  kiln-men  for  the  last  part  of 
the  operation,  that  of  burning  them.  The  mechanical  arrangements 
for  effecting  these  several  operations  are  extremely  ingenious  though 


The  evidence  adduced  by  the  exhibiters  in  support  of  the  practical 
working  of  their  machines,  is  sufficient  to  satisfy  any  one  of  their 
efficiency  and  economy  in  the  field.  One  gentleman,  who  from  his 
position  is  particularly  quali¬ 
fied  to  give  an  opinion  on  their 
merits,  states  that  he  has  had 
three  of  these  machines  at  con¬ 
stant  work,  winter  andsummer, 
during  the  past  year;  and  that 
as  the  clay  needs  no  tempering 
or  working  with  water  to  pre¬ 
pare  it  for  the  machine,  the 
bricks  can  be  wheeled  direct 
from  the  moulds  to  the  kiln. 

BURNETT  &  CO.  of  Dept¬ 
ford  exhibit  a  brick-making 
machine  to  which  the  title  of  Bunnctt’s  Brick  Machine— Shaping  Machine, 
the  “criterion  continuous  feed  ” 

brick,  tile,  and  sanatory  pipe  machine  has  been  given  (Figs.  162  and 
1 63).  These  are  intended  for  the  manufacture  of  either  solid  or  hol¬ 
low  bricks,  pipes,  and  tiles  of  any.  given  dimensions.  The  machines 
are  entirely  of  iron,  and  do  not  require  skilled  or  expensive  labour  to 
work  them,  as  their  construction  is  very  simple,  and  not  liable  to  meet 
with  any  derangement  in  their  operation.  The  clay  is  fed  into  the 
hopper  by  hand,  or  by  an  endless  band,  and  falls  on  a  flat-rimmed 
wheel  of  the  width  of  the  hopper,  which  is  geared  at  a  proper  speed 
to  the  pressure  cams,  so  that  the  clay  is  taken  by  them  with  great 
regularity,  and  sent  forward  in  a  continuous  stream  through  the 
dies;  consequently  nearly  half  the  time  is  saved  that  is  necessary  for 
feeding  other  machines,  when  the  cylinder  or  box  has  generally  to 
be  refitted,  and  the  difficult  and  somewhat  dangerous  process  of 
securely  fastening  the  cover  of  the  cylinder  is  avoided.  The  quan¬ 
tity  of  bricks  or  other  articles  that  can  be  made  by  these  machines 
is  only  limited  by  the  power  applied,  the  capacity  for  keeping  up 
the  continuous  supply  of  the  necessary  quantity  of  clay,  and  the 
facilities  for  removing  and  placing  the  manufactured  articles  as  they 
come  out  from  the  machine.  By  a  simple  arrangement  for  chang¬ 
ing  the  dies — which  is  readily  effected — any  size  or  shape  of  brick, 
tile,  or  pipe,  &c.,  can  be  produced,  and  architectural  designs  thus 
faithfully  carried  out  for  cornices  and  enrichments.  The  solid  bricks 
made  by  this  machine  are  perfect  in  form,  well  faced,  and  burn  well 
in  the  kiln  and  clamp.  The  advantages  attending  the  manufacture 
of  hollow  or  perforated  bricks  are  that  less  clay  is  required, 
and  consequently  less  labour-cost,  in  digging  and  grinding. 
They  are,  of  course,  shifted  more  readily,  and  are  sooner  fit 
for  burning,  in  which  different  processes  a  considerable  saving 
is  effected,  both  in  time  and  fuel.  For  building  purposes 
they  also  offer  the  advantage  of  lightness  and  strength ; 
while  they  form  drier  walls  than  those  made  of  ordinary 
bricks,  and  at  the  same  time  are  less  pervious  to  the  effects 
either  of  external  heat  or  cold. 

CLAYTON’S  BRICK  MACHINE,  exhibited  in  the  Western 
Annexe  by  Messrs.  Henry  Clayton  &  Co.,  of  the  Atlas  Works, 
is  well  worthy  of  inspection.  It  combines  the  three  pro¬ 
cesses  of  crushing,  pugging,  and  brick-making,  and  when 
worked  at  its  ordinary  speed  will  turn  out  twenty-eight 
thousand  bricks  per  diem  of  ten  hours,  made  from  the  rough 
clay  as  it  is  taken  from  the  field.  Fig.  164  represents  a 
perspective  view  of  this  machine  at  work.  The  clay  is  fed 
direct  from  the  field  and  discharged  into  a  hopper,  at  the 
bottom  of  which  work  a  pair  of  powerful  crushing  rollers,  set 
with  their  peripheries  any  distance  apart,  according  to  the 
nature  of  the  clay.  In  order  to  insure  an  uniformity  of  feeding  and 
compulsory  passage  of  the  clay  between  these  rollers,  an  instrument 
called  a  “  crammer”  is  used,  consisting  of  a  horizontal  revolving 


Fig.  162. 


Bunnett’s  Brick  Machine — Longitudinal  Section. 


simple,  and  the  machines  themselves,  both  as  regards  materials  and 
workmanship,  are  such  as  to  insure  durability  and  efficiency  of 
performance. 
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shaft,  provided  with  a  number  of  knives  or  blades  situate  immediately 
above  and  parallel  to  the  opening  between  the  rolls,  its  function  being 
to  draw  and  cram  in  the  clay  between  them  as  the  rollers  revolve. 
The  crushed  clay  falls  directly  from  the  rolls  into  a  hor  zontal  pug- 
mill  placed  immediately  beneath  them,  where  it  is  pugged  and 
eventually  forced  out  through  an  aperture  at  one  end  into  a  hori¬ 
zontal  clay-box  or  chamber  provided  with  a  reciprocating  piston  or 
plunger,  and  with  the  requisite  die  and  delivery  table  and  cutting 
frame  at  each  end.  The  dies  attached  to  the  machines  of  Messrs. 
Henry  Clayton  &  Co.  (invented  and  patented  by  Mr.  Clayton)  are 
of  an  ingenious  construction,  and  distinct  from  all  others,  being 
made  with  revolving  sides  instead  of  stationary  ones.  These 
sides  are  each  composed  of  a  roller  clothed  with  moleskin,  and 
driven  by  means  of  gearing  or  driving  straps  from  an  intermediate 
shaft,  which  receives  its  motion  direct  from  one  of  the  axes  of  the 


Clayton’s  Brick  Machine. 

crushing  rolls.  The  peculiar  arrangement  and  action  of  these 
dies  produce  the  long-sought-for  accuracy  of  cube  form  of  the 
moulded  mass  of  clay,  and  the  sharpness  or  perfection  of  the  angles 
and  corners  when  cut  into  the  size  of  bricks.  The  piston  is 
traversed  to  and  fro  along  the  box  by  means  of  a  connecting-rod 
jointed  to  the  under  side  thereof,  and  connected  to  a  crank  on  the 
crank  shaft.  At  each  stroke  of  the  piston  the  entire,  or  nearly  the 
entire  contents  of  the  box,  are  impelled  alternately  through  one  of 
the  dies. 

The  sides  of  the  die  through  which  the  clay  for  the  time  being 
is  expressed,  are  rotated  by  the  driving  gear  above  alluded  to ; 
but  in  the  opposite  die,  or  that  from  which  the  friction  is  receding, 
they  remain  stationary,  thus  permitting  accuracy  of  cutting  of  the 
moulded  stream  of  clay  while  in  a  state  of  rest,  and  saving  unnecessary 
wear  and  tear  of  the  parts.  These  dies  are  alternately  thrown  in 
and  out  of  action,  according  to  the  direction  of  motion  of  the  piston 
or  plunger,  by  a  simple  self-acting  clutch  mechanism,  worked  from 


the  crank  shaft  which  drives  the  piston.  The  rollers  of  the  dies 
are  lubricated  by  keeping  a  stream  of  water  flowing  over  or  through 
them  from  a  small  tank  placed  immediately  above  each  die.  The 
compactness  of  these  machines  is  a  great  recommendation,  a  machine 
of  the  above  description  being  carried  on  a  foundation  of  not  more 
than  seven  feet  in  width  by  sixteen  feet  in  length,  and  within  an 
elevation  of  six  feet.  The  cutting  frame  in  most  brick  machines 
consists  of  an  edged  bar  in  which  the  ends  of  the  cutting  wires 
are  secured  and  tightened  up  by  thumb  nuts  separately;  this 
Mr.  Clayton  has  found  to  be  objectionable,  inasmuch  as  a  difficulty 
has  always  occurred  in  giving  a  uniform  tension  to  the  wires,  so 
essential  in  making  a  good  cross  cut.  To  remedy  this  defect  Mr. 
Clayton  fixes  his  bar  rigidly  at  one  end  only,  the  other  end  being 
provided  with  an  anti-friction  roller,  which  rests  upon  and  runs 
along%n  arched  bar  or  guide-rail  secured  to  the  table,  the  rollerbeing 

held  down  upon  the  rail 
by  the  tension  alone  of 
the  wires— a  simple  and 
effective  arrangement  for 
the  purpose,  and  patented 
by  H.  Clayton.  Of  the 
special  sizes  of  machines 
here  illustrated,  Messrs. 
H.  Clayton  &  Company 
have  a  large  number  in 
use  at  home  and  abroad, 
besides  which,  to  meet 
the  extent  of  require¬ 
ments  of  parties  gene¬ 
rally,  they  make  the 
arrangements  of  their 
brick  machine  in  several 
sizes,  adapted  to  steam, 
water,  or  animal  power. 

MR.  WILSON  of  Camp 
belfield  Brick  Works, 
Glasgow  (1743),  exhibits 
a  patented  machine  for 
the  use  of  semi-dry  clay, 
which  appears  intended 
to  occupy  an  intermedi¬ 
ate  position  between  the 
moistened  clay  of  the 
hand-made  and  of  some 
mechanical  processes,  and 
the  dry  clay  of  other 
modes  of  manufacturing 
bricks ;  and  thus  to  avoid 
the  disadvantages  attending,  to  a  greater  or  lesser  degree,  both 
processes.  In  the  machine  now  presented  to  us,  and  illustrated 
in  elevation  and  plan  in  Figs.  165  and  166,  the  clay  is  submitted 
to  some  drying  operation,  either  natural  or  artificial ;  it  is  then 
reduced  to  a  state  of  coarse  powder  by  grinding,  and  thus  made 
ready  for  use.  An  endless  belt  with  buckets  elevates  it  up  to  the 
hopper,  which  communicates  with  the  moulding  frame  by  means  of 
a  cylindrical  shute,  the  clay  being  carried  along  from  the  one  to  the 
other  by  a  revolving  shaft,  with  arms  set  on  in  a  spiral  form. 
While  passing  along  this  shute,  steam  from  the  waste-pipe  of  the 
engine  is  turned  on,  and  this  being  condensed  by  the  large  exposed 
surfaces  of  the  dry  cold  clay,  gives  to  it  a  certain  amount  of  mois¬ 
ture,  and  enables  it  to  be  moulded  more  closely,  and  with  a  less 
amount  of  pressure  than  if  the  clay  were  quite  dry.  This  appears 
to  be  the  marrow  of  the  invention.  Another  feature  in  the  machine 
is  the  hydraulic  pad  or  buffer  piston,  which,  acting  between  the  brick 
and  the  compressing  cam,  regulates  the  amount  of  pressure  to  be 
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given  with  perfect  accuracy.  In  this  way  the  machine  is  not  liable 
to  be  stopped  or  broken  when  meeting  with  stones  or  any  other 
impediments,  nor,  as  will  sometimes  occur,  with  a  mould  containing 
too  much  clay.  The 

machine  appears  rather  Fig.  tes. 

expensive  in  operation, 
as  it  requires  twelve 
horse-power  to  work  it, 
and  only  turns  out  from 
15,000  to  20,000  bricks 
per  day.  Breakages  are 
said  to  be  unknown.  A 
uniform  pressure — a  mat¬ 
ter  of  vast  importance — 
is  obtained  on  each  brick; 
and  the  bricks  are  regu- 


Wilson’s  Brick-making  Machine — Elevation. 

lated  closely  to  one  certain  size  before  leaving  the  machine. 
When  submitted  to  the  action  of  fire  in  the  kiln,  it  is  also  found 
that  the  bricks  thus  made  keep  their  shape,  and  have  far  less 
tendency  to  crack  and  split  than  those  made  in  the  ordinary 
manner. 

MESSRS.  PAGE  of  Bedford  (1678)  exhibit  several  brick  and  pipe 
making  machines,  suitable  for  either  hand  or  power  purposes,  as 
well  as  horse  mills  for  pugging  or  preparing  the  clay.  Brick  earth 
of  almost  every  description  requires  generally  to  undergo  the  pro¬ 
cess  of  passing  through  a  pugging  mill  in  order  to  blend  and  temper 
the  clay,  so  as  to  give  it  a  sufficient  and  uniform  consistency  for 
the  purpose  of  being  moulded  into  bricks.  The  octagon  pugging 
mill  manufactured  by  this  firm  is  composed  of  a  strong  cast-iron 
frame,  with  a  wrought-iron  spindle  working  in  its  centre,  on  which 
are  keyed  a  series  of  blunt  knives,  or  blades,  arranged  in  a  spiral 
manner,  with  side-cutters  attached  for  cleaning  the  sides  of  the 
mill  during  grinding.  The  prepared  clay  is  continuously  discharged 
by  the  action  of  the  cutters,  in  blocks  or  otherwise,  at  the  bottom 
of  the  mill.  A  draught  pole  with  yoke  for  one  or  two  horses, 
according  to  the  size  of  the  mill,  is  attached. 

The  machines  exhibited  are  of  different  sizes,  and  capable  of 
ready  adjustment  for  the  manufacture  of  either  bricks  or  pipes 
of  different  sizes.  Fig.  167  represents  a  perspective  view  of  one 
of  these  machines.  The  principle  of  action  of  the  machine 
consists  in  the  pistons  being  driven  by  an  eccentric,  instead  of 
a  rack  and  pinion,  thereby  causing  one  box,  or  cylinder  which 
contains  the  clay,  to  be  emptied  while  the  other  is  being  filled.  All 
chance  of  breaking  from  over-driving  is  thus  obviated.  The  clay 
is  forced  out  through  the  dies  in  a  stream  or  band  on  to  a  series 


of  small  rollers,  when  it  is  cut  off  into  the  lengths  required  by  wires 
in  the  usual  way.  When  the  moulding  machine  is  placed  along- 


Fig.  166. 


Wilson’s  Brick-making  Machine — Plan. 


side  of  the  pugging  mill,  a  connecting-shaft  carried  from  the  horse- 
wheel  will  readily  communicate  the  power  necessary  to  work  it, 
Fig.  167. 


Tage’s  Brick  and  Pipe  Machine. 


and  in  such  case  an  economy  of  expenditure  both  in  power  and  in 
money  is  effected,  and  a  large  amount  of  work  done. 

FRANCE.- — A  very  simple  yet  apparently  effective  machine  is 
exhibited  in  the  French  department  in  the  Western  Annexe.  It  is 
for  the  manufacture  of  bricks  and  tiles,  and  is  the  invention  of  M. 
Jardin,  with  some  improvements  by  Cazenove  &  Company.  In 
form  it  is  not  unlike  the  large  cylinder  crushing  machines  so  com- 
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monty  met  with  among  our  agricultural  implements.  Here  we  have 
a  strongly  made  iron  frame  carrying  at  the  top  a  large  hopper, 
into  which  the  clay  is  thrown,  and  pressed  down  on  to  the  periphery 
of  two  iron  rollers  about  three  feet  in  diameter,  which  in  their 
revolution  carry  the  clay  down  and  compress  it  into  a  band  or 
stream  the  thickness  of  the  interval  at  which  these  compressing 
rollers  have  been  set.  The  clay  thus  moulded  falls  on  to  a  series 
of  small  rollers,  which  carry  it  along  in  the  usual  way,  when  it  is  cut 
off  into  determinate  lengths  by  a  wire  operating  vertically  upon  the 
mass  presented  to  it.  This  machine  is  suitable  for  either  hand  or 
steam  power,  and  will  work  with  clay  of  ordinary  tenacity  either 
where  sand,  breeze,  &c.,  are  added  or  not.  In  the  report  of  some 
experiments  made  in  May,  1861,  at  Toulouse,  we  find  that  three 
men  and  five  children,  receiving  altogether  the  wages  of  eleven 
francs  (about  9s.),  prepared  and  made  12,780  bricks  in  the  day  of 
ten  hours,  the  bricks  being  of  the  best  quality  and  used  for  house¬ 
building  purposes.  The  French  machine  is  shown  in  operation 
daily,  and  turns  out  bricks  from  prepared  clay  at  the  rate  of  twelve 
hundred  per  hour  or  twelve  thousand  per  day,  with  the  force  of  two 
men  only — one  to  feed  and  the  other  to  turn.  All  power,  however, 
where  force  and  not  skill  is  required,  can  always  be  supplied  more 
economically  by  steam  or  horse  than  by  manual  labour;  and  from 
the  extreme  simplicity  of  this  machine  and  its  efficient  operation,  as 
shown  in  the  building,  there  can  be  little  doubt  that  on  a  large  scale 
it  will  do  its  work  in  an  efficient  and  very  economical  manner. 

PRUSSIA. — A  brick  and  pipe  making  machine  is  exhibited  by  its 
manufacturer,  C.  Schlickeysen  of  Berlin  (1317).  It  is  on  a  large 
scale,  and  requires  the  power  of  five  horses  to  work  it,  when  it  will 
turn  out  from  twenty  to  twenty-five  thousand  per  day.  The  cylin¬ 
der  is  placed  vertically,  the  clay  being  carried  up  and  supplied 
through  a  hopper  at  the  top.  The  clay  is  forced  out  by  the  piston 
through  dies  in  a  continuous  band  or  stream,  which  is  carried  along 
on  the  ordinary  series  of  small  rollers  and  cut  into  lengths  by  wires. 


2- -RAW  MATERIALS  USED  AS  MANURES,  AND 
ARTIFICIAL  MANURES. 

By  Dr.  Augustus  Voelcker,  Ph.  D., 

Consulting  Chemist  to  the  Royal  Agricultural  Society  of  England. 

E  history  of  agricultural  improvement  is  marked 
by  two  periods— the  period  of  mechanical,  and 
the  period  of  chemical  improvement.  The 
former  always  precedes  the  latter,  and  in  the 
course  of  time  renders  the  aid  of  chemistry 
indispensable  to  profitable  farming  in  highly 
civilized  countries. 

Superior  skill  in  working  the  land,  the  use  of 
improved  agricultural  implements,  a  system  of 
thorough  drainage,  intelligent  division  of  labour, 
&c.,  characterize  the  mechanical  period  of 
improvement :  the  introduction  of  chemical 
principles  into  practical  agriculture,  a  rational 
system  of  feeding,  proper  rotation  of  crops,  and 
the  use  of  concentrated  foreign  manures,  such 
as  guano,  nitrate  of  soda,  and  of  artificially- 
prepared  fertilizers,  distinguish  the  chemical  period. 

Not  more  than  forty  or  fifty  years  ago  agriculturists  almost  unani¬ 
mously  considered  common  farm-yard  manure  as  the  only  efficient 
fertilizer,  capable  of  restoring  the  fertility  of  land  impaired  by  con¬ 
stant  cropping.  The  importation  into  England  of  Peruvian  guano, 
and  nitrate  of  soda  from  South  America,  and  the  astonishing  effects 


which  very  small  quantities  of  these  concentrated  fertilizers  pro¬ 
duced  on  a  variety  of  crops,  and  the  no  less  beneficial  results  that 
followed  the  application  of  bone  dust  to  grass  land,  produced  a  com¬ 
plete  revolution  in  the  theory  and  practice  of  agriculture,  and  pre¬ 
pared  the  way  for  a  new  branch  of  industry — the  manufacture  of 
artificial  manures. 

Thirty  or  forty  years  ago  bone  dust  was  almost  the  only  artificial 
manure  which  was  applied  to  land.  Its  first  general  use  to  arable 
land  is  reported  to  have  been  in  the  neighbourhood  of  Sheffield, 
where  a  large  quantity  of  fine  dust  was  made  in  turning  and  prepar¬ 
ing  knife  handles.  For  some  time  this  was  to  be  had  at  small  cost ; 
but  like  everything  else  that  is  really  good,  its  value  increased  and 
soon  became  properly  appreciated  by  the  neighbouring  farmers,  and 
very  soon  the  supply  was  not  equal  to  the  demand.  Consequently 
bones  were  collected  in  the  neighbourhood  of  Sheffield,  and  mills 
erected  for  crushing  them  into  dust ;  and  in  a  few  years  the  consump¬ 
tion  of  this  manure  extended  considerably  in  the  counties  of  York, 
Lincoln,  Nottingham,  and  Chester.  The  demand  for  bone  so  rapidly 
increased  that  large  quantities  were  and  still  are  imported  from 
abroad.  But  neither  the  home  nor  foreign  supply  of  bones  was  at  all 
adequate  to  meet  the  demand  for  a  manure  which  was  found  to  be 
specially  useful  in  the  growth  of  turnips  and  other  green  crops. 

This  deficiency  in  the  first  place  led  to  a  more  economical  appli¬ 
cation  of  this  valuable  fertilizer,  which  on  its  first  introduction  into 
agriculture  was  generally  applied  to  the  land  in  pieces  half  an  inch 
to  one  inch  long.  Gradually  half-inch  bone  gave  way  to  quarter- 
inch  bone,  this  to  fine  bone  dust,  and  the  latter  in  its  turn  to  bone 
dust  dissolved  more  or  less  completely  by  means  of  sulphuric  acid. 
Bones  thus  treated  were  found  to  surpass  greatly  in  efficiency  the 
finest  bone  dust,  and  as  farmers  found  it  difficult  or  inconvenient 
to  prepare  dissolved  bones,  the  aid  of  chemical  manufacturers  was 
called  into  requisition.  Separate  establishments  for  manufacturing 
chemical  manures,  however,  were  scarcely  in  existence  twenty  years 
ago,  and  so  rapid  has  been  the  progress  of  this  branch  of  industrial 
pursuit  in  England,  that  manufactories,  the  operations  in  which  are 
exclusively  confined  to  the  production  of  artificial  manures,  are  now 
spread  over  the  length  and  breadth  of  the  country.  Manure  works 
are  spreading  likewise  on  the  Continent,  and  even  in  the  colonies. 

The  manure  manufacturer  no  longer  confines  his  operations  as  at 
first  to  the  treatment  of  bones  with  acid,  but  utilizes  a  great  variety 
of  refuse  materials  of  more  or  less  agricultural  value,  such  as  the 
refuse  charcoal  of  sugar-refineries,  the  woollen  waste  of  cloth  mills, 
South  American  bone  ash,  and  refuse  salts  from  various  chemical 
works,  and  certain  mineral  productions  found  in  this  and  in  foreign 
countries.  Many  of  the  mineral  productions  in  their  natural  state 
are  perfectly  useless  to  the  agriculturist,  and  even  when  finely  pul¬ 
verized  have  little  or  no  effect  on  the  crops  to  which  they  are  applied. 
They  require  special  chemical  treatment  in  order  to  become  efficient 
fertilizers,  and  require  a  certain  amount  of  skill  and  chemical  know¬ 
ledge  on  the  part  of  the  manufacturer  before  they  can  be  turned 
to  profitable  account. 

The  various  raw  materials  used  as  manures  both  in  the  English 
and  foreign  sections  in  the  Exhibition,  as  well  as  the  more  complex 
artificial  manures  prepared  therefrom,  are  of  widely  varying  agri¬ 
cultural  value.  Whilst  some  of  the  raw  materials  are  very  valuable, 
others  are  not  worth  the  attention  of  the  manure  manufacturer. 
The  fact  that  there  are,  especially  in  the  foreign  sections,  many 
chemically-prepared  manures  which  in  reality  are  scarcely  worth 
the  manufacturing  expenses,  cost  for  packages,  and  carriage,  shows 
plainly  that  the  principles  which  ought  to  guide  the  maker  of  arti¬ 
ficial  manures  in  the  selection  of  his  raw  materials  and  in  their 
subsequent  preparation  are  not  so  well  understood  as  it  appears 
desirable  they  should. 

We  propose,  therefore,  to  give  a  brief  resume  of  some  leading 
principles  which  may  be  of  advantage  to  those  manufacturers  of 
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whose  productions  no  very  favourable  opinion  can  be  pronounced- 
The  effects  which  a  manure  is  capable  of  producing  on  vegetation, 
mainly  depend  on  its  composition ;  and  as  the  composition  of  the 
various  fertilizers  which  are  usually  employed  in  this  country  for 
restoring  the  impaired  fertility  of  the  land  greatly  varies,  their 
effects  on  vegetation  necessarily  must  vary  likewise  considerably. 
However,  the  composition  of  a  manure  does  not  entirely  determine 
its  efficacy,  for  we  know  from  experience  that  the  same  manure 
which  gives  a  beneficial  result  on  one  particular  soil  has  scarcely 
any  effect  when  applied  to  another.  The  practical  value  of  a  manure 
is  thus  not  only  affected  by  its  composition,  but  likewise  by  the  com¬ 
position  and  general  character  of  the  land  to  which  it  is  applied. 
Again,  it  is  well  known  that  some  fertilizing  constituents  benefit  par¬ 
ticular  crops  more  than  others.  Thus  ammonia  and  nitrogenous 
organic  matters  are  extremely  useful  for  cereal  crops ;  but  the  same 
fertilizing  matters  exercise  no  beneficial  effect  when  applied  in 
moderate  doses  to  leguminous  crops,  such  as  pease  or  beans,  and 
a  decidedly  injurious  effect  when  applied  to  the  same  crops  in  more 
liberal  though  by  no  means  excessive  quantities.  On  the  other  hand, 
phosphatic  constituents  do  not  favour  so  much  the  growth  of  wheat 
or  oats,  as  they  do  that  of  Swedes,  carrots,  and  other  root  crops.  A 
knowledge  of  these  agricultural  facts  enables  the  intelligent  manu¬ 
facturer  to  select  such  materials  as  are  especially  useful  for  par¬ 
ticular  crops,  and  by  skilfully  preparing  them  either  by  mechanical 
or  chemical  means,  or  still  more  frequently  by  the  combination  of 
both  means,  the  manufacturer  of  manures  succeeds  in  presenting  to 
the  agriculturist  fertilizers  which  have  a  specific  action  on  particular 
crops,  and  for  this  reason  are  called  special  manures. 

Nearly  all  chemically-prepared  manures  are,  or  ought  to  be,  such 
special  manures,  i.e.,  manures  particularly  useful  for  special  pur¬ 
poses.  In  farmyard-manure,  on  the  other  hand,  we  find  a  great 
variety  of  organic  and  mineral  constituents,  the  larger  proportion 
of  which  preponderate  in  the  composition  of  most  soils,  and  add 
merely  to  the  bulk,  and  not  to  the  intrinsic  fertilizing  value  of  this 
manure.  As  none  of  the  rarer  constituents  which,  like  phosphoric 
acid  or  ammonia,  have  a  specific  action  on  particular  crops,  occur 
in  farmyard-manure  in  preponderating  quantities,  its  fertilizing  effects 
aie  not  more  marked  in  one  crop  than  in  another,  and  for  this  reason 
it  is  regarded  justly  as  a  universal  manure.  Farmyard-manure,  it  is 
true,  is  by  far  the  most  effective  and  economical  fertilizer  in  purely 
sandy  and  similar  soils,  which  are  frequently  deficient  not  only  in  avail¬ 
able  phosphates,  potash,  or  nitrogenous  matters,  but  likewise  in  lime, 
magnesia,  soluble  silica,  and  other  cheap  and  common  constituents, 
which  enter  into  the  composition  of  the  ashes  of  all  plants.  It  is  a 
universal  manure,  and  as  such  is  capable  of  supplying  a  universal 
deficiency  of  plant-food  in  those  soils.  But  in  most  soils  potash, 
soda,  lime,  magnesia,  silica,  sulphuric  acid,  and  other  common  and 
comparatively  speaking  inexpensive  substances,  are  found  in  abun¬ 
dance;  whilst  phosphoric  acid,  with  rare  exceptions,  constitutes  at 
best  a  mere  fraction  of  a  per  cent,  of  the  whole  soil,  and  nitrogen¬ 
ous  or  ammoniacal  matters  seldom  occur  in  much  more  considerable 
proportion  than  phosphoric  acid. 

It  is  worthy  of  notice  that,  whilst  phosphoric  acid  and  nitrogenous 
constituents  generally  form  but  a  small  fraction  of  the  whole  soil, 
they  are  the  very  substances  which  the  different  crops  of  a  rotation 
remove  from  it  in  larger  quantities  than  they  do  any  other  soil  con¬ 
stituent.  Hence  most  soils  are  more  readily  exhausted  in  available 
phosphoric  acid  or  nitrogenous  matters  than  in  lime,  magnesia,  pot¬ 
ash,  or  sulphuric  acid,  and  for  this  reason  nitrogenous  and  phosphatic 
manures,  or  mixtures  of  both,  are  precisely  at  the  present  time 
usually  employed  as  special  manures.  Phosphatic  manures  especially 
have  proved  to  the  English  farmers  to  be  fertilizers  without  which, 
in  many  places,  root-crops  could  not  possibly  have  been  cultivated 
in  a  profitable  manner. 

Manure  manufacturers  are  now  spread  over  the  length  and  breadth 


of  England,  and  in  all  these  works  the  staple  product,  under  whatso¬ 
ever  name  it  may  be  sent  out,  is  in  reality,  in  nine  cases  out  of  ten, 
superphosphate  of  lime.  The  consumption  of  this  kind  of  manure 
in  Great  Britain  and  Ireland  is  enormous,  and  is  increasing  every 
year.  We  know  it  as  a  fact  that  in  1861  a  single  firm  has  disposed 
of  more  than  20,000  tons  of  superphosphate  of  lime. 

Peruvian  guano,  nitrate  of  soda,  and  some  specially  prepared 
nitrogenous  manures,  are  excellent  fertilizers  for  wheat  and  corn 
crops  in  general;  but  considering  the  circumstance  that  a  good  root- 
crop  lies  at  the  very  foundation  of  an  improved  system  of  agricul¬ 
ture,  and  that  this  crop  is  more  signally  benefited  by  phosphates 
than  by  other  fertilizing  constituents,  the  British  farmer  justly 
attaches  the  highest  importance  to  phosphatic  manures.  At  all 
events,  he  has  found  by  experience  tliat  in  most  cases  in  which  it  is 
desirable  to  make  up  a  deficiency  of  farmyard-manure,  it  pays  better 
to  purchase  superphosphate  of  lime  or  a  similar  phosphatic  manure 
for  the  root-crop,  than  to  buy  nitrogenous  manures  for  the  white 
crops.  It  is  certainly  remarkable  that,  whilst  the  direct  application 
to  the  land  of  nitrogenous  constituents  has  been  by  some  considered 
useful  only  in  exceptional  cases,  and  by  others  superfluous  or  even 
undesirable,  nobody  has  ever  expressed  any  doubt  as  regards  the 
economical  benefits  that  generally  attend  the  use  of  phosphoric  acid; 
whilst  nitrogenous  manures  in  the  case  of  some  crops,  such  as  pease, 
beans,  and  clover,  have  been  found  even  to  be  injurious,  every  kind 
of  produce  has  been  more  or  less  benefited  by  the  direct  application 
of  phosphates  in  an  available  condition.  It  is  for  these  reasons  that 
the  sale  of  chemically-prepared  phosphatic  manures  has  been  steadily 
increasing  from  year  to  year,  and  has  now  assumed  gigantic  dimen¬ 
sions. 

The  supply  of  bones  is  totally  inadequate  to  meet  the  present 
large  demand  for  superphosphate  or  similar  fertilizers.  It  is  fortu¬ 
nate,  therefore,  that  England  possesses  an  abundant  source  of 
phosphates  in  the  extensive  Suffolk  and  Cambridgeshire  coprolite 
deposits,  and  that  the  enterprising  character  of  Englishmen  renders 
available  for  the  use  of  farmers  the  discoveries  of  phosphatic  deposits 
in  Norway,  Spain,  America,  and  other  countries.  These  and  other 
phosphatic  materials  are  the  raw  materials  which,  aided  by  mechani¬ 
cal  appliances,  the  chemical  manufacturer  converts  into  concentrated 
fertilizers.  Whatever  the  name  may  be  under  which  specially  pre¬ 
pared  manures  are  sold,  they  generally  will  be  found  to  be  essentially 
superphosphates  of  lime. 

The  preparation  of  superphosphates  of  lime  thus  constitutes  the 
principal  operation  in  every  manure-manufactory  which  is  conducted 
on  right  principles.  Far  less  profitable,  and  in  most  cases  alike 
unprofitable  to  producer  and  consumer,  is  the  manufacture  of  purely 
nitrogenous  or  of  ammoniacal  manures.  The  conversion  into 
manure  of  animal  refuse  matters,  such  as  blood,  fish-refuse,  the  flesh 
of  dead  animals,  night-soil,  &c.,  nowhere  as  yet  has  been  carried  out 
profitably  on  a  large  scale,  and  we  question  much  whether  it  is  pos¬ 
sible  to  convert  such  refuse  materials,  many  of  which  contain  from 
80  to  90  per  cent,  of  matter,  profitably  into  portable  manures.  The 
success  of  some  companies  and  individual  manufacturers  who  began 
business  ostensibly  by  converting  blood  and  other  animal  refuse 
matters  into  portable  manures,  is  no  proof  to  the  contrary ;  for  their 
success  is  mainly  due  to  the  fact  that  they  had  the  good  sense  to 
give  up  almost  completely  their  original  intention,  and  rely  for  suc¬ 
cess  mainly  on  sending  to  their  customers  a  good  superphosphate. 
Thus  many  excellent  fertilizers  are  now  manufactured,  the  names 
of  which  do  not  properly  indicate  their  true  character;  whilst  other 
fertilizers,  such  as  fish-manures,  blood-manures,  &c.,  which  are  in 
reality  what  they  profess  to  be,  cannot  be  manufactured  on  a  large 
scale  to  the  mutual  advantage  of  producer  and  consumer.  The 
successful  manufacture  of  artificial  manures,  it  has  been  said  with 
much  truth,  essentially  consists  in  converting  into  quick-acting, 
highly  effective  fertilizers,  phosphatic  raw  materials,  many  of  which 
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in  their  natural  state  are  perfectly  useless,  inasmuch  as  they  remain 
inactive  in  the  soil  for  yearn,  and  even  in  a  finely  powdered  condi¬ 
tion  produce  little  or  no  effect  upon  vegetation. 

It  may  or  may  not  be  useful  to  add  ammoniacal  or  nitrogenous 
compounds,  or  cheap  diluents,  to  an  artificial  fertilizer.  This  will  not 
materially  alter  the  arrangements  in  a  manure  manufactory.  In 
comparison  with  other  branches  of  industrial  art  the  manufacture  of 
manures  is  simple,  and  involves  no  very  expensive  machinery  beyond 
the  ordinary  crushing  and  mixing  arrangements,  which  are  best  set 
in  motion  by  steam  power. 

A  very  useful  machine  for  disintegrating  and  mixing  conglomerated 
phosphates,  guano,  &c.,  and  pulverising  bone-asli,  boiled  bone,  and 
other  brittle  materials,  is  Carr’s  Patent  Disintegrator.  This  machine, 
with  its  external  casing  removed,  is  shown  at  Fig.  168.  It  consists  of 


a  series  of  four  strong  cylindrical  iron  cages,  of  various  sizes,  concen¬ 
trically  arranged  one  within  another,  on  a  horizontal  axle,  on  which 
they  are  caused  to  revolve  with  great  velocity  in  contrary  directions 
to  each  other,  by  means  of  an  open  and  crossed  strap,  the  alternate 
cages  being  so  arranged  as  to  intersect  one  another,  so  that  while 
the  actual  motions  are  only  in  two  directions,  there  are  relatively 
four— the  first  and  third  cages  rotating  to  the  right,  the  second  and 
fourth  to  the  left ;  one  set  being  in  a  piece  with  the  hollow  axle 
or  boss  on  which  the  cross  strap  is  placed,  and  the  other  set  keyed  on 
to  a  solid  shaft  working  within,  on  the  outer  end  of  which  is  the 
pulley  of  the  open  strap. 

Few  of  the  chemically-prepared  artificial  fertilizers  in  the  Exhi¬ 
bition  demand  any  special  notice.  Most  of  the  samples  in  the 


English  section,  though  exhibited  under  various  names,  are  in 
reality  well  prepared  superphosphates. 

The  most  effective  and  expensive  constituent  of  these  manures  is 
bi-phosphate  or  soluble  phosphate  of  lime.  According  to  the  price 
at  which  these  fertilizers  are  sold,  which  are  especially  useful  for 
root  crops,  the  proportion  of  soluble  phosphates  varies  from  15  to 
40  per  cent. 

Superphosphates  and  similar  chemically-prepared  manures  are 
exhibited  by  the  Blaydon  Chemical  Company,  Newcastle-on-Tyne ; 
by  T.  Carr,  Birkenhead ;  Messrs.  Chance  Brothers,  &  Company, 
Birmingham;  J.  B.  Horner,  Lincoln;  the  London  Manure  Company, 
116  Fenchurch  Street;  the  Patent  Nitro-phosphate  Manure  Com¬ 
pany,  109  Fenchurch  Street,  London ;  and  Messrs.  Packard  & 
Company,  Ipswich,  who  exhibit  a  very  good  sample  of  superphos¬ 
phate  prepared  entirely  from  coprolites  and  oil  of  vitriol. 

The  English  exhibition  of  this  class  of  artificial  fertiliz¬ 
ers,  however,  conveys  but  a  very  imperfect  idea  of  the 
high  esteem  in  which  these  manures  are  held  by  the 
British  agriculturist.  Many  of  our  best  and  largest  manu¬ 
facturers  do  not  exhibit.  It  is  estimated  that  more  than 
200,000  tons  are  now  used  annually  in  the  British  isles. 
For  this  enormous  quantity  at  least  100,000  tons  of  phos¬ 
phates  are  required,  partly  in  the  shape  of  bone  and  bone- 
ash,  partly  as  coprolites,  apalite,  and  other  mineral  phos¬ 
phates,  which  will  be  noticed  presently.  In  the  English 
section  will  likewise  be  found  an  interesting  series  of 
various  kinds  of  guanos,  exhibited  by  the  London  Manure 
Company ;  concentrated  fish-manure,  sent  by  Messrs. 
Whitworth  &  Company,  Jamaica  Road,  Bermondsey;  and 
deodorised  cod-manure,  prepared  by  C.  Fox,  Newfound¬ 
land.  The  latter  is  rich  in  nitrogenized  organic  matter 
and  phosphate  of  lime,  and  will  be  found  a  valuable 
acquisition  if  it  can  be  manufactured  at  a  sufficiently  low 
price  to  compete  with  its  more  formidable,  and,  we  think, 
more  profitable  rival,  Peruvian  guano.  France,  Denmark, 
the  Zollverein  States,  Norway,  Sweden,  and  Spain  also 
send  superphosphate  of  lime  and  similar  artificial  manures, 
which,  however,  on  the  whole  are  inferior  to  those  exhi¬ 
bited  by  English  manufacturers. 

In  the  foreign  sections  may  also  be  seen  several  speci¬ 
mens  of  artificial  guano,  bone  manures,  and  poudrette. 
With  the  exception  of  the  prepared  bone  manures  none 
of  these  foreign  artificial  fertilizers  are  of  much  practical 
importance,  and  may  therefore  be  passed  over  with  pro¬ 
priety.  We  would,  however,  direct  attention  to  the 
steamed  bone-dust  manures,  specimens  of  which  are 
exhibited  by  the  Frankfort  Joint-Stock  Company  for 
Chemico-Agricultural  products  by  Messrs.  Stackmann  & 
Retschy,  Lehrte,  near  Hanover;  Mr.  O.  P.  Hasselgren; 
Radanefers,  Dalsland,  Sweden ;  and  by  several  other 
foreign  manufacturers.  They  are  prepared  by  exposing 
bones  to  high-pressure  steam,  and  reducing  them  after¬ 
wards  into  dust  almost  as  fine  as  flour.  Bone  dust  prepared  in 
this  way  far  surpasses  in  efficiency  bone  dust  prepared  in  the 
ordinary  manner  by  crushing. 

We  would  likewise  observe  that  most  of  the  specimens  of  common 
bone  dust  exhibited  by  foreigners  are  far  more  carefully  prepared 
than  the  generality  of  English  samples.  The  manufacture  of 
poudrette,  or  prepared  night-soil  manure,  has  only  a  local  interest, 
and  as  far  as  we  know  has  proved  an  unprofitable  speculation,  even 
in  towns  where  the  human  excreta  are  obtainable  free  from  any 
admixture  of  water  beyond  that  which  they  naturally  contain. 

With  respect  to  artificial  guanos  we  may  state,  that  none  can 
compete  in  point  of  efficiency  and  comparative  cheapness  with  good 
Peruvian  guano. 


Fig.  168. 


Carr’s  Patent  Disintegrator. 
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Amongst  the  raw  materials  used  either  directly  as  manures,  or 
employed  as  the  basis  of  most  chemically-prepared  fertilizers,  are 
several  of  great  agricultural  importance.  Foremost  in  this  respect 
stands  guano  from  the  Chincha  Islands,  and  nitrate  of  soda  or  Chili 
saltpetre  from  Iquique.  Peru  sends  interesting  specimens  of  both. 

Peruvian  guano  is  distinguished  from  other  inferior  guanos  by  a 
very  large  proportion  of  ammonia  and  nitrogenized  organic  matter, 
capable  of  furnishing  ammonia  on  decomposition,  by  containing 
much  phosphate  of  lime  as  well  as  soluble  alkaline  phosphates,  and 
scarcely  any  worthless  matter.  Its  uniform  composition  moreover 
contrasts  most  favourably  with  the  variable  composition  of  the  guano 
deposits  in  localities  that  are  periodically  visited  by  rain.  Notwith¬ 
standing  its  present  high  price  (£12  10s.  per  ton  in  quantities,  and 
£13  to  £13  10s.  a  single  ton)  it  is  in  our  opinion  the  cheapest 
ammoniacal  manure  that  can  be  used  for  cereal  crops. 

The  following  analyses  represent  the  composition  of  three  speci¬ 
mens  of  genuine  Peruvian  guano  of  good  quality  : — 


No.  1. 

No.  2. 

No.  3. 

Water,  ... 

12-420 

12-00 

17-40 

Organic  matter  and  ammoniacal  salts, 

52-980 

5911 

49-97 

Phosphates  of  lime  and  magnesia, 

25-065 

19-31 

23-66 

Alkaline  salts, 

8-262 

8-13 

7-43 

Insoluble  silicious  matter, 

1-507 

1-45 

1-54 

100-234 

100-00 

100-00 

Yielding  ammonia, 

17-215 

19-30 

18-96 

NITRATE  OF  SODA. — The  importations  of  nitrate  of  soda,  which 
is  now  largely  employed  as  a  top  dressing  for  wheat,  and  with  the 
best  effects,  during  the  past  two  years  were  remarkably  pure. 
Many  of  the  samples  which  we  examined  contained  scarcely  3  per 
cent,  of  impurities,  including  moisture. 

CAMBRIDGESHIRE  COPROLITES. — In  the  next  place  we  offer 
some  remarks  on  the  fossil  remains  which  are  generally  called 
coprolites.  Specimens  of  Suffolk  and  Cambridgeshire  coprolites 
are  exhibited  by  Mr.  J.  Mathews,  Royston;  the  London  Manure 
Company,  the  Patent  Nitro-phosphate  Company,  and  by  Messrs. 
Packard  &  Company,  Ipswich. 

The  phosphatic  nodules  of  the  lower  chalk  are  known  in  commerce 
under  the  name  of  Cambridgeshire  or  green-sand  coprolites.  They 
are  found  principally  in  Cambridgeshire,  and  occur  also  in  Norfolk 
and  Bedfordshire,  but  not  in  workable  quantities.  Specimens  from 
Ilenbury,  near  Wallingford,  are  exhibited  by  the  London  Manure 
Company.  The  green-sand  coprolites  have  a  grey  colour ;  they 
are  rougher  in  appearance  and  richer  in  phosphate  of  lime  than 
Suffolk  or  Crag  coprolites.  They  are  moreover  more  readily  acted 
upon  by  acid,  and  somewhat  more  valuable  than  the  Suffolk  fossils. 

Reduced  to  fine  powder,  green-sand  coprolites  sell  at  present  at 
50s.  to  55s.  per  ton,  whilst  the  price  of  powdered  Suffolk  coprolites 
is  45s.  to  50s.  per  ton. 

The  composition  of  different  samples  varies  to  some  extent.  In 
some  more  carbonate  of  lime  and  insoluble  silicious  matter  occur 
than  in  others,  and  consequently  the  amount  of  phosphate  of  lime 
in  different  samples  fluctuates  usually  from  57  to  61  per  cent. 

By  way  of  example,  the  following  commercial  analyses  of  powdered 
coprolites  are  given  : — 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

Moisture  and  a  little  organic  ) 
matter,  ...  ...  ...  j 

Phosphates,  ... 

311 

4-02 

3-49 

4-45 

62-32 

61-04 

59-67 

61-06 

Carbonate  of  lime,  magnesia,) 
alkalies,  and  fluorine,  .../ 

28-42 

27  67 

30-65 

28-37 

Insoluble  silicious  matter,  ... 

615 

7-27 

6-19 

612 

100-00 

100-00 

100-00 

100-00 

The  value  of  coprolites  for 

manuring  purposes 

depends  not  only 

on  the  amount  of  phosphoric  acid  which  they  contain,  but  also  on 


the  amount  of  carbonate  of  lime,  oxide  of  iron,  and  other  constitu¬ 
ents  which  neutralize  part  of  the  sulphuric  acid,  which  must  be 
employed  to  render  these  fossil  remains  effective  as  a  manure.  The 
following  detailed  analyses,  ^made  by  us  some  time  ago,  may 
therefore  find  here  a  place. 

Detailed  composition  of  average  samples  of  Cambridgeshire  cop¬ 
rolites  : — 


No.  1. 

No.  2. 

No.  3. 

Moisture  and  a  little  organic 

matter, 

4-63 

401 

3-52 

Lime, 

Magnesia, 

43-21 

45-39 

46-60 

1-12 

•48 

1-06 

Oxide  of  iron, 

2-4G 

1-87 

2-08 

Alumina,  ... 

1-36 

2-57 

1-41 

•Phosphoric  acid,  ... 

25-29 

26-75 

27-01 

■(■Carbonic  acid, 

6  66 

5-13 

5-49 

Sulphuric  acid, 

•76 

1-06 

Chloride  of  sodium, 

•09 

traces 

1 

V 

not 

Potash, 

•32 

•84 

f 

determined. 

Soda, 

•50 

•73 

J 

Insoluble  silicious  matter, 

8-64 

6-22 

6-04 

Fluorine  and  loss, 

4-96 

4-95 

6-79 

100-00 

100  00 

100-00 

•Equal  to  tribasic  phosphate  of  lime, 

54-89 

57-12 

58-52 

f  Equal  to  carbonate  of  lime, 

... 

15-13 

11-66 

12-47 

SUFFOLK  COPROLITES. — These  phosphoric  deposits  occur  in  the 
more  recent  tertiary  strata,  as  a  layer  varying  from  3  to  18  inches 
in  thickness,  between  the  coralline  crag  and  London  clay.  The 
Suffolk  crag  is  exceedingly  rich  in  fossils,  consisting  partly  of  the 
fractured  and  rolled  bones  of  cetaceous  and  other  animals  with 
some  fish  teeth,  and  chiefly  of  rolled  water-worn  pebbles,  which 
were  formerly  supposed  to  be  the  fossilized  excrements  of  saurian 
and  other  animals,  for  which  reason  they  were  called  coprolites. 
Professor  Buckland,  however,  showed  that  they  are  not  true  fossil 
excrements,  but  in  all  probability  calcareous  pebbles  which  have 
undergone  a  peculiar  metamorphosis,  and  become  impregnated  with 
phosphoric  acid  by  long-continued  contact  with  decaying  animal 
and  vegetable  substances. 

The  name  pseudo,  or  false  coprolites,  which  Professor  Buckland 
proposed  for  them,  has  been  generally  accepted  by  the  scientific 
world  for  commercial  phraseology.  We  have  to  understand  by 
Suffolk  coprolites,  or  crag  coprolites,  or  pseudo-coprolites,  the 
mixed  fossil  bones,  fish  teeth,  and  phosphatic  pebbles  which  occur 
in  the  Suffolk  crag.  They  have  a  brownish  colour,  a  smooth 
appearance,  are  very  hard,  and  yield  on  grinding  a  yellow  powder. 
Two  complete  analyses  of  Suffolk  coprolites  furnished  us  with  the 
following  results : — 


Moisture  and  water  of  combination,  and  ' 

No.  1. 

No.  2. 

2-53 

38-20 

a  trace  of  organic  matter,  ...  d 

Lime, 

Magnesia,  ... 

•Phosphoric  acid, 

•  0  i  o 

40-70 

•34 

1-34 

28-32 

24-24 

Oxide  of  iron,  ...  ...  ...  ' 

Alumina,  ...  ...  ...  ...  _ 

■  4-87 

3.72 

f  Carbonic  acid, 

5-08 

5-37 

Sulphuric  acid, 

•87 

1-40 

Potash, 

•78 

•56 

Soda,  ...  ...  ... 

•25 

1-18 

Chlorine, 

traces. 

0  70 

Fluorine  and  loss,  ... 

3-02 

4-31 

Insoluble  silicious  matter,  ... 

10-01 

12-27 

•Equal  to  tribasic  phosphate  of  lime, 

100  00 

61-30 

100-00 

52-52 

f  Equal  to  carbonate  of  lime,... 

11-64 

12-20 

Powerful  machinery  is  required  for  reducing  coprolites  to  a  fine 
powder.  Coarse  coprolite  powder  is  not  easily  acted  upon  by  acid, 
and  has  little  or  no  effect  upon  vegetation.  It  is  therefore  advisable 
to  reduce  coprolites  to  a  minute  state  of  subdivision,  and  to  digest 
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them  afterwards  with  a  quantity  of  acid  sufficient  to  saturate  all 
the  carbonate  of  lime  and  other  constituents,  and  to  render  the  in¬ 
soluble  phosphates  as  completely  soluble  as  it  is  possible  to  do  in 
practice. 

The  samples  of  fine  coprolite  powder  and  superphosphate  made 
from  them,  exhibited  by  Messrs.  Packard  of  Ipswich,  are  excellent 
illustrations  of  the  condition  in  which  coprolites  ought  to  be  before 
and  after  treatment  with  oil  of  vitriol. 

APATITE. — Fine  specimens  of  Norwegian  apatite  are  exhibited 
by  Mr.  F.  Dalill,  Kragero,  Norway.  Some  of  the  Norwegian  apatite 
appears  in  almost  perfect  crystals,  other  specimens  in  crystalline 
masses.  The  colour  varies;  some  are  red,  other  specimens  nearly 
white;  most  commonly  Norwegian  apatite  has  a  light  green  or  a 
reddish  colour.  The  light-green  coloured  specimens  of  apatite  from 


Kragero,  analyzed  some  time  ago 

by  Dr.  Voelcker, 

yielded 

following  results: — 

No.  1. 

No.  2. 

Hygroscopic  water, 

.  -19 

.298 

Water  of  combination,  ... 

.  -23 

•198 

*  Phosphoric  acid, 

.  41-25 

42-28 

Lime,  ... 

.  50-62 

53-35 

t  Chloride  of  calcium, 

.  6-41 

216 

Oxide  of  iron,  ... 

.  -291 

•92 

Alumina, 

.  -38) 

Potash, 

.  -04 

_ 

Soda,  ... 

.  -13 

_ 

Insoluble  silicious  matter, 

.  -82 

•99 

100  36 

100-196 

*  Equal  to  tribasic  phosphate  of  lime, 

...  89-37 

91-60 

t  Containing  chlorine, 

.  409 

1.38 

This  Norwegian  apatite,  we  find,  is  perfectly  free  from  carbonate 
of  lime  and  fluorine.  It  need  hardly  be  added  that  it  is  a  very 
valuable  mineral. 

FIBROUS  PHOSPHORITE  FROM  AMBERG  IN  BAVARIA  is  exhi¬ 
bited  by  Dr.  Th.  Martius  of  Erlangen.  The  Bavarian  phosphorite 
resembles  in  composition  and  structure  that  of  Estremadura,  but  is 
distinguished  from  it  and  other  phosphorites  by  containing  a  small 
quantity  of  iodine.  Bavarian  phosphorite  has  lately  been  raised  in 
some  quantities  by  Dr.  Martius,  and  is  used  in  Germany  for  the 
making  of  superphosphate. 

SOMBRERO  ROCK,  OR  CRUST  GUANO. — Specimens  of  this  inter¬ 
esting  rock  and  valuable  phosphatic  mineral  are  shown  by  the 
London  Manure  Company  and  the  Patent  Nitro-phosphate  Com¬ 
pany.  Sombrero  rock,  as  the  name  implies,  is  quarried  in  the  islet 
of  Sombrero.  A  large  portion  of  this  islet  has  been  quarried  away 
already,  and  sold  both  in  America  and  in  England  as  crust  or  Som¬ 
brero  guano.  This  is  not  an  appropriate  name,  for  this  singular 
material  is  not  a  guano  deposit,  but  in  reality  the  rock  itself  of  which 
the  islet  of  Sombrero  consists  almost  entirely.  Most  samples  have  a 
light  yellowish  green  colour,  which  is,  however,  sometimes  varied 
by  a  bright  green  or  bright  yellow,  or  violet,  bluish,  or  pinkish  hue. 
Sombrero  rock  contains  a  quantity  of  phosphoric  acid,  which  on  an 
average  corresponds  to  about  76  per  cent,  of  bone  earth.  Most  of 
the  phosphoric  acid  is  united  with  lime,  and  some  likewise  with 
oxide  of  iron  and  alumina.  This  rock  generally  contains  little  car¬ 
bonate  of  lime.  Phosphatic  rocks  similar  in  composition  to  the 
Sombrero  rock  have  lately  been  discovered  in  the  Anguilla  Isles, 
forming  part  of  the  Leeward  Islands. 


SPANISH  (ESTREMADURA)  PHOSPHATE  AND  MOROXITE  FROM 
JUMELLA. — Spain  sends  to  the  International  Exhibition  two  phos¬ 
phatic  minerals  which  are  likely  to  become  important  articles  of 
commerce  at  no  distant  date.  One  of  these  minerals  is  already 
in  the  hands  of  commercial  men,  and  is  employed  and  exhibited 
by  several  manufacturers  of  manures.  We  refer  to  the  phosphorite 
which  occurs  in  immense  quantities  at  Lagrosa,  near  Truxillo, 
Estremadura.  It  is  here  associated  with  foliated  apatite  and  quartz, 
and  forms  solid  beds  that  alternate  with  limestone  and  quartz.  This 
Spanish  phosphorite  has  a  fibrous  structure,  a  light  yellow  colour, 
and  a  considerable  degree  of  hardness.  When  reduced  by  means 
of  powerful  machinery  to  a  fine  powder,  and  treated  with  oil  of 
vitriol,  it  becomes,  like  other  mineral  phosphates,  converted  into 
superphosphate  of  lime. 

Samples  of  manure  prepared  with  phosphorite  are  exhibited  by 
R.  Manjarres,  Seville.  Two  analyses  made  some  time  ago  by  the 
writer,  from  average  samples  fairly  representing  the  composition  of 
the  different  cargoes,  gave  the  following  results : — 


COMPOSITION  OF  ESTREMADURA  PHOSPHORITE. 


No.  1. 

No.  2. 

Moisture,  or  water  of  combination, 

•68 

1-42 

Lime,  ... 

...  42-68 

41.47 

*  Phosphoric  acid, 

...  36-36 

33-55 

Oxide  of  iron,  alumina,!  determined  by! 
magnesia,  and  fluorine,/  difference.  / 

881 

5-19 

Insoluble  silicious  matter, 

...  11-47 

18-37 

100-00 

100-00 

*  Equal  to  tribasic  phosphate  of  lime, 

...  78-79 

72-69 

The  second  Spanish  phosphatic  mineral 

is  sent  by 

Mr.  Munoz  of 

Lima,  Torres,  Madrid,  as  Apatita  di  Jumella.  This  is  a  beautifullj- 
crystallized  mineral,  resembling,  when  superficially  examined,  beryl!. 

We  are  informed  that  this  variety  of  phosphorite,  which  is  called 
by  mineralogists  moroxite,  occurs  in  large  quantities  at  Jumella,  and 
is  likely  to  find  its  way  soon  into  the  English  manure  market.  Not 
long  ago  Dr.  Voelcker  analyzed  a  sample  of  this  moroxite  or  apatita  di 
Jumella  which  was  sent  by  Professor  Luna  of  Madrid.  The  fol¬ 
lowing  results  were  obtained  : — 


Water  of  combination,  ...  ...  ...  -298 

*  Phosphoric  acid,  ...  ...  ...  37-024 

Lime,  ...  ...  ...  ...  52-954 

Magnesia,  ...  ...  ...  ...  -269 

Oxide  of  iron,  ...  ...  ...  1-170 

Alumina,  ...  ...  ...  ...  -943 

Oxides  of  cerium,  ...  ...  ...  1-790 

Fluorides  of  sodium  and  potassium,  ...  1'033 

Chlorine,  ...  ...  ...  ...  traces 

Fluorine  and  loss,  ...  ...  ...  4‘179 


100,000 

*  Equal  to  tribasic  phosphate  of  lime,  ...  80,218 


In  addition  to  these  phosphatic  materials,  which  on  account  of 
their  importance  have  been  described  more  particularly,  the  fol¬ 
lowing  well  known  materials  used  by  manufacturers  of  manures 
will  be  seen  in  the  stands  of  several  exhibiters  : — Dried  blood  (fur¬ 
nishing  on  decomposition  14  per  cent,  of  ammonia),  South  American 
Bone-ash,  Sulphate  of  ammonia,  Gypsum,  Agricultural  salt,  Oil 
of  vitriol. 


U 


SECTION  D. 

MINING  AND  COLLIERY  WORK 
METALLURGIC  OPERATIONS. 


l.-MINING  AND  COLLIERY  WORK. 

By  Warington  Smyth,  M.A.,  F.R.S.,  Lecturer  on  Mining  and 
Mineralogy,  Government  School  of  Mines,  London. 

•  .  1NING  is  a  complex  art,  based 

on  several  branches  of  sci¬ 
ence,  some  of  which  are 
much  more  capable  than 
others  of  being  fairly  illus¬ 
trated  in  a  general  Exhibi¬ 
tion.  If  we  look  at  the 
subject  of  the  working  of 
minerals  in  a  commercial 
point  of  view,  we  have  to 
admit  that,  from  the  great 
uncertainty  prevalent  with 
respect  to  many  of  the 
phenomena  below  the  sur¬ 
face  of  the  earth,  the  highest 
proficiency  in  these  sciences 
always  may  not  give  the 
power  to  command  success. 
But  it  is  often  the  case  that 
an  undertaking,  even  where 
nature  has  been  churlish  in  her  gifts,  may  be  saved  from  ruin,  or 
may  be  brought  to  a  certain  degree  of  prosperity,  by  the  practical 
ability  of  the  manager  in  some  branch  or  other  of  these  various 
departments  of  knowledge  which  are  needed  for  every  kind  of  mine. 
There  are  some,  it  is  true,  of  these  operations  where  much  less  skill 
is  required  than  in  others,  and  where  the  very  nature  of  the  mineral 
and  mode  of  its  occurrence  is  such  as  to  insure  good  results,  unless  a 
gross  and  unusually  ignorant  mismanagement  be  introduced ;  but 
even  in  the  simplest  of  them,  there  are  always  improvements  to  be 
made,  always  strides  to  be  taken  in  accordance  with  the  progress 
of  the  time,  always  in  fact  a  something  to  be  thought  of,  devised, 
and  executed,  in  order  to  reap  the  full  advantage  of  the  harvest 
which  has  been  partially  prepared  by  natural  agencies. 

For  our  present  purpose  we  may  look  upon  the  sciences  requisite  as 
being  on  the  one  hand  the  mineralogical,  on  the  other  the  mechanical 
ones.  The  Mineralogical  sciences,  needed  most  especially  by  the 
metallic  miner,  are  capable  of  being  partly  taught  in  the  study  or 
laboratory,  but  require  a  long  apprenticeship  of  observation  to 
yield  satisfactory  fruit  in  practical  life.  They  may  be  illustrated 
by  groups  and  series  of  specimens,  and  by  maps  and  sections,  in 
such  wise  as  to  command  the  interest  and  attention  of  a  large  part 
of  the  public,  and  doubtless  convey  an  amount  of  instruction  by  no 
means  contemptible.  But  I  have  already,  at  p,  G5,  adverted  to 


the  incompleteness  which  must  generally  be  expected  in  such  col¬ 
lections,  except  when  made  under  the  direction  of  some  master¬ 
mind  ;  and  it  will  readily  be  understood  that  a  lack  of  systematized 
fulness  must  be  fatal  to  the  teaching  of  any  subject  as  a  whole,  and 
must  leave  the  exhibited  object  to  command  an  interest  of  very  vary¬ 
ing  amount  with  visitors  of  different  tastes  and  calibre. 

The  Mechanical  part  of  the  subject,  as  represented  in  an  Inter¬ 
national  Exhibition,  is  pretty  sure  to  be  fully  as  fragmentary.  It 
is  not  worth  while,  and  it  is  nobody’s  business,  to  give  as  it  were  a 
picture  of  the  whole  series  of  operations  and  of  the  appliances  which 
have  to  be  employed  in  mines  and  quarries.  In  the  present  dis¬ 
play,  indeed,  the  gaps  are  great,  and  would  be  a  cruel  disappoint¬ 
ment  to  the  credulous  student,  who  might  be  inclined  to  believe 
what  we  were  so  often  assured  in  1851,  that  a  royal  road  had 
been  found  in  the  Exhibition  for  acquiring  all  the  arts  and  sciences. 
But  in  despite  of  all  shortcomings,  there  are  a  number  of  objects 
exhibited  exceedingly  well  worthy  of  observation  and  study,  and 
others  which  are  very  suggestive,  and  prove  that  careful  thought 
and  labour  are  being  bestowed  throughout  this  and  other  countries 
on  questions  of  much  importance.  At  the  same  time  some  of  the 
exhibited  models  and  apparatus  are  quite  intelligible  in  themselves 
to  persons  entirely  unassisted  by  previous  knowledge,  and  are  in 
other  instances  extremely  well  adapted  to  give  to  the  observant 
visitor  clear  and  distinct  ideas  upon  what  may  be  quite  new  to  him. 

In  forming  an  estimate  of  the  value  of  the  various  indications  of 
change  and  improvement  in  the  appliances,  we  must  remember  that 
mining  in  the  present  day,  and  especially  in  the  old  countries,  has 
been  so  far  deprived  of  the  rich  and  good  prizes — the  “  fat-works” 
(Cornish)  which  in  earlier  days  often  rewarded  the  enterprise  of  the 
adventurer  or  the  labour  of  the  pickman — that  it  must  now  depend 
for  success,  in  the  ordinary  run  of  things,  upon  skill  and  economy. 
“  Diggers”  in  a  new  field  may  stumble  over  nuggets  of  startling 
value  ;  but  not  long  after  the  announcement  of  the  brilliant  stroke 
of  luck,  whispers  and  complaints  are  wafted  to  us  from  even  the 
richest  of  the  El  Dorados,  telling  of  averages  in  which  men  make 
but  moderate  wages  unless  they  are  steady,  and  employ  the  best 
apparatus ;  and  soon  afterwards  there  arrive  accounts  of  the  diggers 
turning  into  real  miners,  and  judgment  and  careful  management 
being  indispensable  to  success.  More  and  more,  as  the  countries 
are  hunted  over  and  explored,  do  these  conditions  obtain;  and  we 
have  now  generally  to  examine  and  criticise  improvements  not  of 
a  totally  new  and  surprising  form  of  apparatus,  but  some  contriv¬ 
ance  which  may  effect  a  small  saving  in  the  expense  of  breaking 
the  mineral  or  of  its  conveyance,  or  one  which  may  contribute,  if 
only  in  a  moderate  degree,  to  diminish  the  risks  to  which  our  under¬ 
ground  population  is  daily  and  hourly  subjected. 

BORING  AND  BLASTING.— There  are  but  few  objects  in  the 
Exhibition  which  throw  a  light  upon  the  usual  or  improved 
methods  of  working  on  the  rock.  A  set  of  ordinary  collier’s  tools 
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is  placed  alongside  of  the  ponderous  block  of  the  Black  Vein  Coal 
from  Risca  in  South  Wales,  and  a  set  of  the  Kongsberg  miner’s 
above  the  case  of  minerals  from  that  rich  silver  mine  in  Norway. 
Mr.  Gowans,  of  Rockville,  near  Edinburgh,  the  active  lessee  of 
several  large  quarries,  exhibits,  in  the  open  court  of  the  Eastern 
Annex*?,  machines  for  the  purpose  of  facilitating  the  boring  of  holes 
of  greater  depth  than  usual.  It  is  often  the  case  in  quarrying  that 
a  large  quantity  of  comparatively  worthless  material  requires  to  be 
blown  down,  and  the  boring  of  a  hole  for  powder  to  10  or  20  feet 
in  depth,  with  a  diameter  of  3  to  5  inches,  employs  for  lift¬ 
ing  and  turning  the  heavy  jumper  a  great  number  of  men.  Mr. 
Gowans’  machine  enables  men  turning  at  a  winch-handle  to  raise 
and  let  fall  the  boring-rod  by  means  of  a  collar  attached  to  it, 
which  is  lifted  by  a  large  tooth  keyed  upon  a  horizontal  axis, 
the  friction  on  the  under  side  of  the  collar  being  sufficient  to 
turn  the  rod  partially  round  at  every  stroke.  A  smaller  machine 
for  holes  of  less  depth,  suitable  for  working  the  blocks  of  stone, 
works  on  the  same  principle,  but  with  the  addition  of  a  ram  to 
strike  on  the  top  of  the  rod.  Along  with  these  is  a  simple  but  very 
powerful  expanding  wedge,  to  be  used  in  place  of  the  ordinary 
pinch  or  crow-bar,  and  which  introduces  a  notable  saving  in  manual 
labour.  The  exhibiter  has  been  in  the  habit  for  some  years  past 
of  boring  several  of  these  holes  in  line,  and  firing  them  simulta¬ 
neously  by  means  of  the  voltaic  battery,  which  his  quarry  foremen 
have  learned  to  use  without  difficulty,  and  with  good  effect.  There 
is  little  doubt  that  this  kind  of  work  is  capable  of  much  more  ex¬ 
tended  application,  particularly  in  quarrying  and  in  the  sinking  of 
large  shafts. 

In  connection  with  this  subject,  it  should  be  mentioned  that  Mr. 
Abel,  of  Woolwich,  has  exhibited  a  case,  unfortunately  not  in  the 
catalogue,  of  fuses,  and  in  Class  13  will  be  found  the  magneto¬ 
electric  machine  devised  by  Professor  Wheatstone,  in  a  very  portable 
and  inexpensive  form,  for  electrically  firing  blasts — both  forms  of 
apparatus  well  worthy  of  the  attention  of  the  quarryman  and  miner. 
In  the  French  court,  under  the  large  safety-cage  of  Jacquet,  No.  41, 
is  a  boring-machine,  which  can  be  placed  at  any  angle,  and  which 
appears  to  work  well  upon  limestone,  but  is  of  very  doubtful  applica¬ 
tion  to  any  rock  containing  grains  of  quartz.  It  is  matter  of  regret 
that  we  have  no  illustration  of  the  ingenious  machine-borers  of  Mr. 
Sommellier,  now  at  work  in  the  great  tunnel  of  Mont  Cenis,  nor  of 
the  various  machines  which  have  been  proposed  by  the  late  Mr. 
Pease  and  others,  for  supplanting  manual  labour  in  the  cutting  of 
coal. 

Accidents,  often  of  a  fatal  character,  used  a  few  years  ago  to  be 
extremely  frequent,  in  consequence  of  the  premature  firing  of 
charges  of  gunpowder.  The  introduction  of  the  safetj'-fuse 
patented  by  Mr.  Bickford  in  1831,  has  been  the  means,  especially 
in  our  western  districts,  of  removing  to  a  great  extent  this  source 
of  danger.  The  original  makers — Bickford,  Smith,  and  Davey — 
have  now  been  followed  up  by  others,  employing  an  almost 
identical  mode  of  inclosing  the  train  of  powder  in  a  cord  of  hemp, 
or  in  a  tube  of  gutta-percha  ;  whilst  recently  Messrs.  Polglaze  and 
Victor  (279)  have  proposed  their  metallic  fuses,  which  have  a  very 
neat  appearance,  and  have  answered  well  in  experiments,  but  have 
yet  to  stand  the  test  of  longer-continued  trials.  The  cartridges  of 
Mr.  Copeland  (66)  are  a  valuable  adjunct  to  the  safety-fuse,  when 
shots  have  to  be  fired  in  wet  ground. 

SLATE-CUTTING  MACHINES. — The  proprietors  of  the  slate  quar¬ 
ries  at  Ffestiniog,  in  North  Wales,  whose  excellent  products  have 
been  mentioned  at  p.  71,  have  for  some  years  past  directed  much 
attention  to  mechanical  contrivances  for  diminishing  human 
labour,  and  at  the  same  time  lessening  the  waste  of  material. 
Certain  apparatus  for  cutting  the  blocks  from  the  rock  has  been 
tried  and  found  wanting,  but  a  great  improvement  has  been  ef¬ 
fected  by  the  introduction  of  circular  saws  for  shaping  the  blocks 


after  removal  into  suitable  lengths;  and  Mr.  Greaves  exhibits  (127) 
the  model  of  a  machine  (Figs.  169,  170)  supplied  with  cutters,  which 
come  down  at  a  certain  angle  of  inclination  upon  the  slate  to  be  dressed, 


Fig.  169. 


Fig.  170. 

Greaves’  Slate-dressing;  Machine. 


with  a  movement  very  like  that  given  by  the  ordinary  hand-dressing 
implement  commonly  used  by  the  slate-makers  at  the  quarry. 

DEEP  BOEING. — The  art  of  boring  deep  holes  in  the  earth’s  crust 
has  of  late  years  been  much  practised,  both  as  a  valuable  aid 
to  mining,  and  for  other  independent  purposes ;  on  the  one  hand 
for  the  purpose  of  testing  the  character  of  strata  without  the 
necessity  of  the  expensive  process  of  sinking  shafts,  as  well  as, 
sometimes,  for  tapping  off  water  or  producing  ventilation ;  on 
the  other  hand  for  the  opening  of  Artesian  wells,  or  for  gain¬ 
ing  access  to  brine — and  lately  to  petroleum  springs.  Although 
vast  numbers  of  bore-holes  are  put  down  in  this  country,  more 
especially  for  proving  coal  districts,  it  must  be  admitted  that  the 
French  and  Germans  are  far  ahead  of  us  in  the  completion  of  re¬ 
markable  borings,  and  in  the  systematic  application  of  a  variety  of 
ingenious  apparatus. 

We  may  with  propriety  call  attention  to  some  valuable  exhibi¬ 
tions  illustrating  this  subject,  from  the  consideration  of  its  yearly 
increasing  importance,  derived  partly  from  the  greater  attention 
now  bestowed  on  supplies  of  water  to  towns,  and  again  from  the 
fact  that  with  our  enormous  consumption  of  coal  and  iron-stone, 
we  shall  require  more  and  more  to  explore  tracts  of  uncertain 
strata,  and  especially  those  where  the  valuable  minerals  are  con¬ 
cealed  from  view  by  overlying  and  frequently  unconformable 
formations. 

In  the  British  division  we  have  but  one  representative  bore- 
master.  Mr.  Reid,  of  Pelton  (297),  instead  of  the  furnace  cata¬ 
logued,  has  sent  some  boring  tools  employed  by  him  in  putting  to 
rights  a  bore-hole  which  had  been  sunk  to  the  depth  of  582J  feet, 
near  Yarm,  in  search  of  coal,  and  the  tubing  of  which,  inserted  in 
a  slovenly  manner,  had  given  way  at  109  feet  deep,  and  impeded 
farther  progress.  It  was  found  requisite,  after  attempts  to  lift  the 
tubing  bodily,  to  cut  it  to  pieces,  and  bring  it  up  in  lengths  by 
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means  of  special  tools  contrived  for  the  purpose.  For  a  full  ac¬ 
count  of  the  operation  we  may  refer  to  Mr.  Reid’s  paper,  read  at 
the  meeting  of  the  North  of  England  Institute  of  Mining  En¬ 
gineers,  July  1861. 

It  must  not  be  supposed  that  our  countrymen  have  been  alto¬ 
gether  inattentive  to  the  necessity  of  improvements  of  this  art. 
Besides  rope-boring  apparatus,  which  has  been  successfully  worked 
by  aid  of  steam  power,  especially  in  the  new  red  sandstone  of 
Lancashire,  patents  have  lately  been  taken  out  by  Mr.  Paton  of 
Govan,  Mr.  Hunter  of  Coltness,  and  Mr.  Simpson  of  Glasgow,  for 
machinery  more  or  less  reminding  one  of  what  has,  for  some  years 
past,  been  employed  on  the  continent.  But  none  of  these  are 
exhibiters ;  and  we  believe  that  neither  miner  nor  bore-master  will 
visit  the  French  courts  without  being  struck  with  admiration  for  the 
ingenuity  and  perfection  of  the  apparatus  exhibited  by  two  rivals, 
MM.  Mulot  (40)  and  D6gous4e  and  Laurent  (54).  Among  the 
beautiful  models  contributed  by  the  French  Ministry  of  Public 
Works,  under  the  number  1251,  is  however  a  model  representing 
one  of  the  latest  great  operations,  but  requiring  the  first  notice. 
It  is  a  model,  one  part  of  which  may  be  termed  geological,  the  other 
technical,  of  the  Artesian  well  of  Passy,  which  was  successfully 
completed  in  September  last  under  the  direction  of  the  veteran 
borer,  Herr  Kind,  and  at  a  depth  of  586£  metres  loosed  a  supply 
of  6200  cubic  metres  of  water  in  the  twenty-four  hours.  This 
boring  was  commenced  in  September,  1855,  with  the  large  diameter 
of  1  •  1 0  metre;  at  53  metres  in  depth  after  passing  through  clay,  it 
was  continued  of  a  metre  diameter  in  the  chalk,  and  continued  suc¬ 
cessfully  to  a  depth  of  528  metres  in  March,  1857,  when  the  upper 
tubing  gave  way ;  and  during  two  years  a  number  of  devices  were 
brought  into  play,  which  ended  in  the  upper  part  being  turned  into 
a  tubbed  shaft,  and  in  a  wooden  tubing,  specially  intended  for  guiding 
the  bottom  water,  being  completed  to  550  metres  deep.  Below 
this  a  sheet-iron  tube  was  lowered,  until  the  springs  were  inter¬ 
sected,  from  which  the  water  soon  rose  to  the  top  of  the  shaft,  and 
ascended  to  a  height  of  many  yards  above  the  surface.  Herr  Kind, 
among  many  other  improvements,  introduced  the  free-falling  borer, 
in  which  the  cutting  tool  is  released  from  the  rods  at  every  stroke 
by  an  ingenious  mechanism  depending  on  the  resistance  to  the  water 
in  the  hole,  of  a  disc  of  leather  attached  to  the  rods.  A  model  of 
this  arrangement  is  attached.  M.  Mulot,  whose  apparatus,  with 
that  of  the  other  firm  above  mentioned,  adjoins  the  French  coals, 
was  the  persevering  undertaker  of  the  classical  Artesian  well  of 
Crenelle,  one  which,  like  most  of  these  deep  bore-holes,  was  not 
without  its  mishaps,  some  of  them  serious  enough,  it  is  said,  to 
have  required  all  the  influence  of  Arago  and  other  scientific  men  to 
urge  the  prosecution  of  the  work.  MM.  Mulot,  like  Degousee  and 
Laurent,  exhibit  in  part  models,  and  in  part  their  full-sized  appa¬ 
ratus,  as  well  as  cores  or  cut  solid  cylinders  of  rock,  brought  up  by 
suitable  iron  fingers  from  great  depth.  These  temoins,  or  witness 
samples,  are  very  important,  not  merely  as  showing  the  nature  of  the 
rock,  but  as  enabling  a  judgment  to  be  formed  in  many  instances  of 
the  inclination  of  the  strata,  whereby  sometimes  the  expenseofone  or 
more  other  bore-holes  may  be  averted.  It  is  of  course  indispens¬ 
able  that  the  cylinder  be  raised  to  the  surface  without  the  least 
twist  being  given  to  the  rods,  and  Mulot  has  a  little  simple  apparatus 
for  insuring  accuracy  on  this  head.  Tie  has  further  devised  a  free- 
falling  borer,  made  to  act  by  means  of  a  jerk,  and  thus  independent 
of  water  in  the  bore-hole,  which  is  needed  for  the  action  of  Kind’s. 
His  screwed  tubes  for  lining  the  holes  are  also  well  worthy  of 
attention.  MM.  Degousee  and  Laurent  exhibit  a  very  well  exe¬ 
cuted  model  of  their  form  of  lever-boring  machine,  worked  by  a 
steam  engine  similar  to  what  they  employed  some  few  years  ago 
in  the  mysteriously  unsuccessful  bore-hole  at  Kentish  Town.  They 
have  also  contrived  a  free-falling  borer  acting  on  a  different  plan 
from  both  the  above,  and  their  variety  of  cutting  chisels,  enlargers, 


clearers,  and  tools  for  recovering  broken  rods,  form  a  complete 
armoury.  These  gentlemen,  whose  scientific  reputation  for  prac¬ 
tical  geology  stands  high,  have  rendered  themselves  famous  for 
the  number  of  bore-holes  with  which  they  have  aided  the  impor¬ 
tant  development  to  the  west  of  the  coal-field  of  the  North  of 
France;  and  have  more  recently  contributed  greatly  to  the  well¬ 
being  of  the  Arabs  and  the  comfort  of  their  French  conquerors,  by 
a  series  of  successful  borings  for  water  in  the  arid  regions  of  the 
Sahara  desert,  south  of  Constantine. 

BORING  OF  SHAFTS. — An  extension  of  the  method  of  deep 
boring  has  within  the  last  few  years  resulted  in  a  direct  application  to 
mining,  with  a  success  which  is  not  generally  appreciated.  Herr 
Kind  several  years  ago  undertook  to  bore  circular  shafts,  at  first  of 
small,  and  afterwards  of  ordinary  diameters,  under  circumstances 
where  the  usual  method  of  sinking  was  rendered  exceedingly  diffi¬ 
cult  by  large  bodies  of  water  or  by  quicksands.  Cutting  tools  of 
great  weight  and  strength  were  employed,  and  the  work  carried  on 
whilst  the  shaft  remained  full  of  water,  and  had  thus  within  it  a 
pressure  counteracting  that  which  acted  from  outside.  At  the  same 
time  a  cylindrical  tubbing  of  sheet-iron  or  of  wood  was  lowered  to 
line  the  sides  of  the  shaft,  and  was  continued  till  it  rested  on  firm 
ground  beneath  the  watery  or  running  strata.  It  does  not  appear 
that  the  results  have  been  very  satisfactory  in  greatly  diminishing 
the  expense  of  such  shafts,  at  all  events  in  some  of  the  examples 
which  have  been  described.  But  a  Belgian  engineer,  M.  Chau- 
dron,  has  introduced  a  modification  which  appears  to  be  of  very 
high  importance.  Under  No.  307  (Belgium)  is  exhibited  a  large 
model  of  his  apparatus,  which  has  been  applied  with  perfect  success 
to  the  establishment  of  shafts  in  cases  where  the  heavy  influx  of 
water,  from  the  lower  part  of  the  cretaceous  strata,  rendered  it  either 
very  difficult  or  almost  hopeless  to  attempt  to  reach  the  underlying 
coal  measures.  Imagine  the  powerful  boring  cutter  of  Kind  work¬ 
ing  in  the  usual  manner  by  percussion  in  the  shaft  full  of  water ;  a 
tubbing  of  cylinders  of  cast-iron  is  lowered  as  before,  but  the  lower 
part  of  it  consists  of  a  boite  a  mousse ,  a  firm  curb,  upon  which  rests 
a  ring  of  3  or  4  feet  high  of  cast  metal,  with  a  packing  behind  it  of 
picked  moss.  On  this  moss,  and  fitting  close  behind  the  lower  ring, 
comes  the  lower  part  of  the  tubbing,  and  by  the  time  the  curb  has 
rested  in  the  firm  bed  cut  for  it  below  the  niveau  or  water-bearing 
bed,  the  moss  has  been  so  thoroughly  pressed  downwards  and  out¬ 
wards  against  the  rock  that  a  water-tight  joint  is  established,  and 
thus  the  entire  expense  of  a  terrific  array  of  pumping  engines  and 
of  the  costly  process  of  putting  in  wedging  curbs  is  entirely  obviated. 
Some  of  the  first  trials  of  this  novel  method  of  Kind’s  were  made 
in  the  Westphalian  coal-field,  near  Essen  and  Gelsenkirchen;  with 
the  later  modifications  it  has  been  practised  in  several  instances  in 
Belgium.  One  of  the  most  striking  was  the  following  : — The  pit 
called  St.  Marie  at  Pfironnes  required  a  new  shaft  to  improve  its 
ventilation.  It  was  commenced  at  the  end  of  June,  1859,  and  com¬ 
pleted  21st  August,  1860,  at  an  expense  of  only  £2240,  probably 
only  a  quarter  of  what  it  would  have  cost  if  sunk  by  the  usual 
methods. 

The  watery  ground  extended  from  43  metres  deep  to  105  metres, 
and  the  weight  of  the  tubbing  which  had  to  be  lowered,  exceeded 
90  tons.  But  with  a  view  of  counteracting  a  portion  of  its  weight, 
Chaudron  places  near  the  bottom  of  his  tubbing  a  strong  diaphragm  of 
cast-iron,  convex  downwards,  and  having  an  opening  in  the  middle ; 
with  a  wide  pipe  standing  up  in  the  midst  of  the  shaft.  Through 
this  tube  the  boring  rod  works,  and  at  the  same  time  the  water 
which  stands  in  it  to  any  required  height  counteracts  the  pressure 
down  below,  which  would  tend  to  force  inwards  the  unlined  part  of 
the  shaft.  In  this  manner  the  weight  actually  suspended  to  the 
lowering  apparatus  was  never  allowed  to  exceed  20  tons.  During 
the  sinking,  an  annular  space  is  left  behind  the  tubbing,  in  conse¬ 
quence  of  the  breadth  of  the  curb  and  the  moss  case,  and  this  is 
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filled,  as  soon  as  the  moss  is  sufficiently  pressed  down,  with  concrete 
introduced  by  a  sort  of  spoon.  After  being  allowed  to  settle  for  two 
months,  the  water  was  pumped  out  of  the  shaft,  and  it  was  found 
that  no  appreciable  influx  of  water  took  place.  The  shaft  could 
then  be  safely  continued  by  the  ordinary  methods  of  sinking. 

When  we  look  at  the  great  difficulties  that  beset  the  traversing 
of  quicksands  by  shafts,  the  many  hundreds  of  horse-power  employed 
in  pumping,  and  the  many  thousands  of  gallons  of  water  per  minute 
which  have  to  be  got  rid  of  to  enable  the  men  to  approach  their 
work,  it  is  manifest  that  this  new  mode  of  working  a  niveau  plein, 
or  without  taking  out  the  water,  will  be,  if  only  proved  applicable  to 
the  more  difficult  cases,  one  of  the  greatest  improvements  introduced 
in  mining.  It  is  open  to  us  still  to  doubt  of  its  being  thoroughly 
applicable  in  the  most  difficult  class  of  ground,  as  in  the  remarkable 
winning  of  Murton,  described  in  full  detail  by  Mr.  Potter  in  the 
Transactions  of  the  Northern  Institute,  but  the  principle  is  so  good, 
viz.,  the  counteracting  pressure  of  an  interior  column  of  water,  and 
the  removal  of  the  loose  material  from  within  by  bagging  or  by 
large  sludgers,  that  a  hopeful  eye  may  be  kept  upon  the  farther 
introduction  of  the  process. 

Our  own  method  of  tubbing  with  cast  iron  segments  is  not  repre¬ 
sented  in  the  Exhibition;  but  in  France,  No.  80,  Pougnet  &  Com¬ 
pany  exhibit  a  ring  of  the  polygonal  wooden  tubbing  so  much 
employed  in  that  country  and  in  Belgium.  It  is  the  representative  of 
the  first  shaft  which  has  been  sunk  with  success  through  the  “dead 
ground” — which, by  the  way,  might  ratherbe  called  “  quick”  or  lively, 
from  its  abundance  of  water — at  Carling  iu  the  department  of  the 
Moselle.  The  establishment  of  this  tubbing  down  to  a  depth  of 
160  metres,  shows  the  serious  pressure  to  which  the  lower  part  must 
be  subjected.  The  principal  seams  of  coal  were  reached  at  the 
depth  of  230  and  280  metres,  and  the  total  expense  of  the  shaft 
was  no  less  than  £72.000.  This  single  example,  requiring  among 
other  things  a  pumping  engine  of  400  horse-power  to  clear  the 
water  for  the  men  to  put  in  their  wedging  curbs,  sufficiently  shows 
the  importance  of  the  joint  process  of  Kind  and  Chaudron. 

MAPS  AND  MODELS  OF  MINES. — In  passing  to  maps  and  models 
which  represent  the  workings  of  mines  in  a  large  and  general  way, 
it  may  be  well  to  refer  to  some  beautifully-executed  objects  placed 
in  Class  10,  by  the  French  Ministry  of  Public  Works,  under  the 
collective  number  1251.  Among  the  models  are  represented  the 
watering-places  of  Bagneres  and  Ussat,  in  the  department  of  the 
Arieges,  where  systematic  drifts  have  been  carried  into  the  foot  of 
the  hill  to  search  for  and  conduct  to  the  surface  the  mineral  waters 
in  great  abundance.  The  frowning  hills  may  be  gently  lifted  back, 
and  then  disclose  the  mining  operations,  with  appropriate  indications 
of  the  character  of  the  water  intersected  in  the  various  portions.  The 
undertaking  is  said  to  have  been  perfectly  successful.  The  subterra¬ 
nean  mapsof  Paris  byM.Delesseare  a  beautiful  piece  of  work,  partak¬ 
ing  much  of  a  geological  character,  but  yet  indispensable  for  the  data 
which  they  offer  to  the  engineer  and  the  architect,  especially  as  regards 
drainage  and  water  supply.  Equally  remarkable  is  the  series  of  maps 
and  sections  in  which  M.  Dormoy  unravels  the  intricate  structure  of 
the  coal-field  of  Valenciennes  and  the  adjoining  portion  of  Belgium. 
Not  a  little  difficulty  is  imported  into  the  work  by  the  various 
names  given  to  the  same  seams  in  divers  parts  of  the  district,  and 
the  consequent  uncertainty,  until  after  great  labour,  of  their  due 
identification.  M.  Griiuer  has  also  contributed  valuable  details  of 
the  same  kind  for  the  collieries  of  the  Upper  Loire. 

In  the  English  division  we  have,  suspended  against  the  wall, 
some  working  plans  of  Cornish  mines  by  Mr.  Henderson,  a  civil 
engineer  resident  at  Truro,  whose  zeal  in  the  production  of  good 
work  has  given  us  maps,  not  only  of  good  execution,  but  to  the 
general  accuracy  and  satisfactory  character  of  which  I  can  bear 
testimony.  But  superior  as  these  are  to  the  general  run,  I  cannot 
but  regret  the  absence  on  our  mining  plans  of  a  great  number  of 


data  which  at  times  would  be  of  the  highest  value,  albeit  no  doubt 
they  might  require  a  good  deal  of  extra  labour  in  observation.  The 
plans  are  in  fact  almost  universally  mere  bald  statements  of  the 
position,  direction,  and  length  of  the  shafts  and  levels,  and  give  us 
a  minimum  of  information  upon  all  the  natural  phenomena,  the  due 
weighing  of  which  is  so  important  in  almost  every  metalliferous 
mine.  I  believe  that  the  surveyor  would  often  enough  be  glad  to 
do  more,  but,  unluckily,  the  mainspring  is  absent;  the  adventurer 
is  commonly  too  little  versed  in  the  subject  to  appreciate  it,  and 
therefore  grudges  the  money  even  for  an  ordinary  survey.  It  is  to 
be  regretted  that  the  more  remarkable  foreign  mining  districts  have 
not  contributed  much  in  this  department.  Austria,  where  great 
attention  is  paid  to  detailed  surveys,  has  sent,  to  be  sure,  a  beauti¬ 
fully-executed  plan  and  sections  of  the  veins  and  shafts  at  Przibram 
in  Bohemia,  No.  46;  but  Hungary,  Saxony,  and  the  Harz,  classical 
lands  abounding  in  interesting  material,  are  unrepresented  in  this 
respect. 

At  the  Paris  Exhibition  in  1855,  Mr.  Borchers,  the  surveyor  of 
Clausthal  in  the  Harz,  exhibited  a  very  interesting  model  of  two 
adjoining  mines  in  that  .vicinity,  constructed  on  a  novel  plan.  A 
model,  No.  245,  of  Holmbush  mine  in  Cornwall,  has  been  made 
at  my  suggestion  in  imitation  of  Mr.  Borclier’s  method,  for  the 
Museum  of  Practical  Geology,  by  the  well  known  and  skilful  mecha¬ 
nician  Mr.  Jordan,  of  15  Union  Grove,  Clapham.  I  think  it  is 
particularly  well  adapted  to  give  the  general  public  a  clear  idea  of 
the  position  and  of  some  of  the  characters  of  a  lode  and  of  the  works 
opened  upon  it,  and  in  the  solution  of  some  of  the  questions  which 
often  arise,  may  give  a  useful  hint  to  the  managers  of  the  mine. 
The  galleries  in  levels,  which  with  us  are  generally  at  depths  of 
ten  fathoms  below  each  other,  are  for  each  such  horizon  or  stage 
laid  down  on  a  frame  of  crossed  wires,  where  the  side  of  every 
square  formed  by  the  wires  is  ten  fathoms  in  length.  Having  thus 
a  series  of  workings  at  various  successive  depths  placed  upon  a 
succession  of  transparent  frames,  we  may  look  down  from  above 
and  see  all  the  vagaries  of  the  vein,  as  far  as  regards  its  course  and 
dip,  which  have  been  determined  by  excavations.  The  portions  of 
the  vein  intermediate  between  two  levels — as  far  as  they  have  been 
removed  by  stopes  or  pitches — are  also  shown,  and  thus  at  once 
indicate  the  position  of  the  richer  parts  of  the  lode.  It  happens  too, 
in  the  case  in  question,  that  the  workings  are  rendered  additionally 
interesting  from  the  copper  lodes  being  intersected  and  heaved, 
first  by  a  quartz  cross  course,  and  again  by  a  productive  lead  lode. 

For  a  representation  of  colliery  workings  we  may  turn  to  two 
very  beautiful  models  (425)  by  Woodhouse  and  Jcffcock,  of  the 
Shipley  colliery  in  Derbyshire.  The  principal  one  gives  a  naturally 
coloured  view  of  the  slightly  undulated  surface,  and  at  the  sides  a 
section  of  the  measures,  through  the  seams  known  as  the  Top 
Hard,  Main  Soft,  and  Lower  Hard  Coals.  The  whole  of  the  mass 
of  ground  above  the  seam  of  coal  iu  work  can  be  lifted  by  aid  of  coun¬ 
terpoises  sufficiently  high  to  enable  us  to  look  in  and  see  the 
arrangement  of  the  workings  on  a  somewhat  small  scale.  They  are 
conducted  by  the  method  called  the  long  wall,  where  the  whole  of 
the  coal  is  at  once  removed,  and  communication  is  maintained  with 
the  shafts  by  roads,  kept  open  at  great  expense,  through  the  gob  or 
worked  ground  with  its  lowered  and  broken  roof  strata.  This 
method  has  its  great  advantages,  and  is  well  practised,  although 
under  several  modifications,  in  this  county  generally.  The  other 
model  represents  on  a  larger  scale  the  surface  arrangements  of 
engine  house,  and  engine  with  vertical  cylinder  and  direct  action  on 
the  drum  shaft,  as  well  as  the  pit  banks  with  their  head-gear  and 
railway  arrangements,  whilst  the  portion  farthest  north  shows  on  a 
still  larger  scale  again  the  more  interesting  portion  of  the  under¬ 
ground  workings,  the  face  of  the  coal  with  the  means  of  supporting 
the  roof  near  it,  and  the  ends  of  the  gob  roads  with  their  tramways 
forming  the  exit  from  the  face. 
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VENTILATION  OF  COAL  MINES.— In  the  model  (413)  by  Wood 
and  Daglish,  an  effective  modification  of  the  method  of  the  north 
country  is  shown,  where  the  borders  of  the  table  exhibit  railways  to 
which  we  shall  refer  afterwards ;  but  the  interior  exhibits  the  working 
of  seams  bj'  pillar  and  stall,  in  districts  termed  panels,  of  moderate 
size,  each  of  them  ventilated  by  separate  air  currents,  according 
to  the  proposition  of  the  late  Mr.  Buddie,  so  that  an  explosion 
occurring  in  one  panel  need  not  affect  another.  It  is  notorious 
how  the  grudging  of  sufficient  size  to  the  pillars  of  coal  left  to 
sustain  the  roof  has  led  to  the  loss  of  millions  of  tons  of  our  too 
slightly  valued  fossil  fuel  by  “  creep  ”  and  crushing ;  and  after 
gradual  increase  for  many  years  past,  the  modern  pillars  attain  in 
some  cases  in  Durham  and  Northumberland  the  noble  dimensions 
of  sixty  yards  by  forty.  In  a  well  ventilated  colliery,  the  first 
shaping  out  as  it  were  of  these  pillars,  or  the  work  in  the  “  whole 
coal,”  may  be  safely  carried  out  with  candles,  but  when  the  removal 
of  the  pillars  commences,  safety  lamps  should  be  exclusively 
employed  in  their  neighbourhood.  Hence  the  propriety  of  the 
arrangement  shown  in  the  model  for  finishing  the  naked-light  work 
in  each  panel  before  beginning  to  work  off  the  pillars,  and  for  thus 
avoiding  the  risks  attended  on  a  mixed  mode  of  lighting. 

In  the  model,  406,  by  Williamson,  much  ingenuity  has  been 
bestowed  by  its  author  in  an  endeavour  to  provide,  under  all  the 
modifications  of  different  methods  of  working,  a  separate  current  of 
air  for  very  small  districts.  But  it  is  to  be  feared  that  an  attempt 
at  too  great  a  subdivision  of  the  kind  may  in  itself  introduce  a 
considerable  element  of  danger,  in  the  difficulty  of  so  regulating  a 
great  number  of  splits  that  one  part  of  the  works  shall  not  rob 
another  of  its  air.  With  reference  to  practice  on  a  large  scale,  this 
and  the  serious  inconvenience  and  expense  of  crossings  for  the 
return  air  from  every  other  bord  (which  crossings  must  of  course 
replace  the  pipes  employed  in  the  model),  would  be  serious  draw¬ 
backs.  The  ventilation  of  the  goaf  proposed  by  the  author  is  no 
other  than  what  is  commonly  practised,  but  which  can  only  clear  it 
to  a  moderate  extent  as  regards  the  height  of  the  broken  ground, 
and  can  never  therefore  render  it  safe  for  men  to  work  in  its  vicinity 
with  open  lights,  even  though  they  be  placed  on  the  windward  side 
of  the  source  of  danger. 

VENTILATING  AGENTS. — The  little  that  has  above  been  said 
on  the  subject  of  the  ventilation  of  collieries  deals  purely  with  the 
distribution  of  a  current  of  air  through  the  workings,  without  touch¬ 
ing  at  all  on  the  question  of  how,  and  to  what  amount,  that  current 
should  be  produced.  Long  ex¬ 
perience  and  many  and  fatal 
accidents  have  shown  that  in  most 
of  the  coal  mines,  especially  where 
they  are  extensive  or  fiery,  it  is 
not  safe  to  trust  to  the  amount  of 
air  obtainable  by  natural  causes 
alone.  In  Great  Britain  we  have 
helped  ourselves  with  the  rough 
and  ready  method  of  the  furnace. 

Slack  or  small  coal  there  is  in 
plenty  and  of  little  value  ;  a  few 
fire  bricks  and  the  fire-bars  put 
the  owner  of  the  pit  to  but  slight 
expense,  and  can  be  built  up  and 
looked  after  by  men  not  of  the 
highest  order  of  skill.  Objections 
have  been  brought  against  it  not 
a  few.  Dangerous  it  may  be  in 
some  cases  where  not  applied  in  a 

judicious  manner ;  ticklish  also  to  re-light,  after  everything  has  been 
at  a  stand-still  in  consequence  of  an  accident ;  uneconomical  it  is 
proved  to  be,  as  compared  with  the  useful  effect  of  the  same  coal  con¬ 


sumed  under  the  boiler  of  an  engine  occupied  in  working  a  ventilating 
machine.  But  in  spite  of  these  principal  drawbacks  there  remains 
the  great  fact,  that  it  is  the  well  understood  and  trusted  method 
employed  in  all  our  largest  works,  and  that  it  daily  in  some  of  them 
accomplishes  an  enormous  task  far  in  excess  of  the  maximum  effect 
which  has  been  produced  by  any  other  agent. 

It  has  been  urged  against  the  use  of  the  furnace  that  it  is  incap¬ 
able,  except  in  a  very  small  degree,  of  increasing  its  ventilating 
power  when  special  circumstances  may  demand  it,  and  that  it  can 
only  then  do  so  by  an  enormously  increased  consumption  of  coal. 
Mr.  Daglish  of  Hetton  has  exhibited  (No.  80)  the  model  of  a  fur¬ 
nace  which  was  erected  by  him  at  Eppleton  in  the  Hetton  colliery, 
and  has  been  found  to  give  very  satisfactory  results.  It  should  be 
premised  thatthe  furnace,  generally,  may  be  worked  in  several  differ¬ 
ent  ways,  setting  aside  altogether  the  inefficient  and  almost  obsolete 
method  of  placing  it  at  or  near  the  surface  of  the  ground.  First,  it 
may  be  a  mere  open  fire  fed  simply  by  the  return  air ;  secondly,  the 
opening  above  the  fire  may  be  contracted,  and  a  larger  quantity  of 
air  forced  between  the  bars  through  the  fire,  producing  a  more  active 
combustion  and  increased  temperature  in  the  shaft,  but  at  the  same 
time  involving  a  greater  resistance  or  drag;  thirdly,  the  furnace  may 
be  fed  solely  with  fresh  air,  a  plan  which  gives  additional  security, 
and  induces  a  vigorous  combustion  without  adding  to  the  drag  of 
the  mine,  but  which  has  nevertheless  its  disadvantages  ;  lastly,  the 
form  of  furnace  shown  by  Mr.  Daglish,  having  twenty-six  feet 
instead  of  some  five  or  six  feet  in  length,  and  plenty  of  open  access 
at  the  side,  gives  an  extended  surface  for  bringing  the  air  into  con¬ 
tact  with  the  incandescent  fuel,  allows  a  sufficient  portion  to  pass 
through  a  thin  layer  of  fire  to  keep  it  in  full  action  without  too  great 
a  resistance,  and  at  the  same  time  such  a  quantity  to  pass  over  it  as 
to  insure  the  full  combustion  of  the  gases.  In  addition  to  this  are 
the  advantages  of  uninterrupted  regularity  of  action,  since  the  fire 
may  be  moved  from  one  part  to  another  when  cleaning  is  required ; 
and  of  elasticity  and  facility  of  extension,  inasmuch  as  one,  two,  or 
more  fires  may  be  in  operation  together,  according  to  the  require¬ 
ments  either  of  special  circumstances  introducing  danger,  or  of  the 
gradual  increase  of  the  area  of  the  colliery.  The  quantity  of  air 
passed  through  the  old  upcast  shaft  at  Hetton  by  means  of  three 
furnaces  was  above  200,000  cubic  feet  per  minute.  This  new  fur¬ 
nace,  now  described,  is  stated  to  pass  under  ordinary  conditions  no 
less  than  120,000  cubic  feet,  thus  giving  to  the  Hetton  colliery  a 
body  of  ventilating  air  altogether  unprecedented. 


Nixon’s  Ventilator — Vertical  Section. 


It  is  to  be  regretted  that  several  of  the  more  efficient  mechanical 
ventilators  have  not  been  exhibited.  They  may  be  divided  princi¬ 
pally  into  the  classes  of  air  pumps  on  one  hand,  and  centrifugal 
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ventilators  on  the  other.  Of  the  first  kind  only  one  modification, 
the  most  recently  erected  in  Britain,  is  shown  at  the  Exhibition.  It 
is  a  drawing  exhibited  by  Mr.  Nixon,  shown  in  Figs.  171,  172,  the 


a  volume  of  air  stated  to  be  from  forty  to  fifty  thousand  cubic  feet. 
But  it  must  be  remembered  that  in  all  these  instances  the  air-courses 
were  but  short,  and  the  “  drag  of  the  mine”  therefore  not  very  con¬ 


Fig.  172. 


proprietor  of  one  of  the  Aberdare  collieries, 
representing  a  machine  now  in  action  at 
his  pits.  Whether  the  exhibiter  claims 
originality  in  the  invention  we  are  not 
aware,  but  believe  that  something  of  a 
similar  character  has  at  an  earlier  date  been 
brought  before  the  mining  world  in  Belgium . 

This  no  doubt  powerful  ventilator  consists 
of  a  huge  rectangular  piston,  traversing  to 
and  fro  upon  rails  in  a  chamber  whose  ex¬ 
tremities  are  fitted  with  valves  much  in  the 
manner  of  those  in  the  outer  case  of  Struve’s 
gasometer-like  air  pump.  There  appears  to 
be  not  only  great  power,  but  much  simplicity 
and  strength  in  the  apparatus,  so  that  we 
may  look  forward  to  a  favourable  verdict  as 
the  result  of  the  due  chronicling  of  observa¬ 
tions  which,  it  is  understood,  have  been  some 
months  ago  commenced  upon  it.  Mechani¬ 
cal  ventilators  are  almost  invariably  used  to  remove  the  “  return” 
air  from  the  top  of  the  upcast  shaft,  and  thus  cause  the  descent  of 
a  corresponding  volume  of  fresh  air  in  the  downcast  shaft.  Occa¬ 
sionally  they  have  been  applied  for  the  opposite  purpose,  to  force 
air  into  the  workings,  but  with  a  very  inferior  effect ;  as  indeed  we 
might  readily  expect,  in  consequence  of  the  great  elasticity  of  air. 
Very  often,  indeed,  it  may  be  convenient,  where  the  workings  are 
of  small  extent,  and  where  no  great  volume  of  air  is  needed,  to  force 
it  in  by  means  of  some  of  these  appliances ;  and  accordingly  in  our 
metalliferous  mines  a  so-called  duck  machine  (the  old  Hartz  venti¬ 
lator)  or  a  fan,  may  often  be  seen  pouring  in  a  stream  of  fresh  air 
through  pipes  or  boxes  into  a  close  end.  The  fans,  whether  for 
blowing  or  exhausting,  have  been  made  of  almost  every  conceivable 
form.  ery  few  of  them,  however,  have  found  sufficient  favour  in 
the  eyes  of  our  coal  viewers  to  allow  of  their  being  erected  on  a 
large  scale.  Among  those  which  have  in  this  country  stood  the 
test  of  practice  are  those  of  Mr.  Biram,  at  Lord  Fitzwilliam’s  ;  that 
at  Abercarn,  erected  jointly  by  Mr.  Rogers  and  Mr.  Nasmyth  ;  and 
one  at  Mostyn.  Some  of  these,  when  of  sufficiently  large  dimensions, 
have  been  enabled  to  produce  a  very  fair  effect  without  being  driven 
at  too  high  a  velocity,  sixty  or  seventy  revolutions  a  minute  passing 


Nixon’s  Ventilator — Plan. 


siderable.  With  all  the  simple  radially 
vaned  fans  there  remains  the  objection 
of  the  high  velocity  imparted  to  the 
air  at  and  near  the  eircumference*of 
the  circle,  an  element  not  wanted  in 
mine  ventilation,  where  large  volumes 
at  low  velocities  are  needed  for  pro¬ 
ducing  the  best  results. 

M.  Lemielle’s  ventilator  occupies  a 
position  somewhat  intermediate  be 
tween  the  air  pump  and  the  fan.  It  is 
a  very  ingenious  apparatus,  consisting 
of  a  drum  rotating  within  a  cylindrical 
case,  in  which  it  is  placed  excentrically. 
To  the  inner  drum  are  applied  flap 
doors  or  valves,  so  hinged  and  held 
by  guide  rods  that  they  fall  close  when 
approaching  the  narrow  space  where 
the  two  cylinders  are  nearly  in  contact, 
and  open  out  and  sweep  away  the  air 
when  they  get  to  the  wide  portion  of  the 
box.  There  are  in  this  machine  so  many 
little  connections  and  joints  and  pins,  that  we  might  be  apt  theoreti¬ 
cally  to  disapprove  of  it  for  colliery  purposes,  however  applicable  it 
may  be  as  a  blowing  machine  for  foundries,  &c. ;  but  it  must  be 
confessed  that  a  very  great  number  of  them  have  been  erected  in 
the  last  eight  years  in  France  and  Belgium,  and  more  recently  one 
near  Bristol,  and  that  a  much  better  character  is  given  them  in 
regard  to  durability  than  we  should  have  expected.  On  the  dimen¬ 
sions  generally  constructed  it  has  given  a  volume  of  from  twenty- 
five  to  thirty  thousand  cubic  feet  of  air  per  minute,  making  from 
thirty-five  to  fifty  revolutions  per  minute. 

Lemielle  has  had  in  Belgium  a  formidable  rival  in  M.  Fabry, 
whose  simple,  curious,  and  powerful  ventilator  I  regret  not  to  see 
brought  before  our  colliers,  applicable  as  it  doubtless  would  be  in  a 
great  many  cases  where  the  conditions  are  not  favourable  to  the  full 
efficiency  of  our  favourite  furnace.  Here  we  hit  on  one  of  the  blots 
and  flaws  of  the  Exhibition  system,  reminding  us  again  how  far  from 
being  a  trustworthy  school  is  such  a  show ;  how,  in  fact,  it  is  a  frag¬ 
mentary  series  of  objects,  some  of  them  worthy  of  all  admiration, 
others  quite  the  reverse ;  and  how  we  must  accept  it  for  better  or 
worse,  and  pick  out  the  wheat  from  the  chaff,  not  unmindful  that 
there  is  also  good  wheat  elsewhere  besides  what  we  see  before  us. 
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A  new  centrifugal  ventilator  has  been  recently  proposed  by  M. 
Guibal,  No.  313,  Belgium,  of  which  a  small  example,  which  might 
be  used  as  a  fan  blast,  is  placed  in  the  Machinery  Annexe,  whilst 
drawings  of  plan,  and  elevation  of  the  machine  of  the  same,  are  laid 
against  the  screen  near  the  Belgian  railway  carriage.  It  is  a 
gigantic  fan  of  about  28  feet  diameter  and  12  feet  wide,  looking  very 
like  an  undershot  water-wheel.  The  curved  channel  through  which 
the  air  is  ejected  into  a  trumpet-mouthed  stack  may  be  contracted 
or  enlarged  by  a  sliding  regulator,  in  such  wise  as  to  allow  of  a  great 
increase  in  the  quantity  of  air  where,  from  special  causes,  it  is  found 
needful  to  go  beyond  the  ordinary  performance.  In  general  work  it 
is  intended  to  make  40  or  50  revolutions  per  minute ;  but  these 
may  be  increased  to  GO  or  70,  and  upwards  of  150,000  cubic  feet 
of  air  per  minute  are  to  be  drawn  up  the  shaft  when  the  machine 
is  pressed.  It  is  stated  to  give,  according  to  the  greater  or  less 
velocity  at  which  it  is  driven,  from  0-74to  0'80  of  useful  effect. 

SAFETY  LAMPS. — In  part  closely  connected  with,  but  often  a 
little  antagonistic  to  ventilation,  come  the  safety  lamps,  truly  and 
fitly  so  termed  as  long  as  men  remember  that  they  ought  to  be 
gently  handled  and  carefully  attended  to,  and  that  they  are  not  to 
be  made  a  substitute  for  proper  ventilation.  Every  one  knows 
that  an  objection  made  to  Davy’s  original  form  of  lamp  is  its  small 
amount  of  light;  and  that  the  inability  to  see  their  work  fairly,  and 
thus  to  make  good  wages,  induces  colliers,  when  either  thoughtless 
or  satisfied  that  there  is  no  fire-damp  near  them,  to  unscrew  the 
top.  Rules  and  regulations,  backed  up  by  fines,  and  now,  lately,  by 
liability  to  imprisonment,  have  been  insufficient  to  stop  this  tendency, 
and  to  prevent  the  occurrence  of  numerous  accidents  which  have 
resulted  from  it.  Hence  it  is  that  much  attention  has  been  bestowed 
on  the  methods  of  locking  the  lamp,  to  prevent  the  removal  of 
the  wire  gauze.  There  are  exhibited  along  with  the  coal  of  the 
Newcastle  field  (No.  392)  the  three  lamps  most  commonly  employed 
in  our  collieries,  the  simple  Davy,  the  Stephenson  (or  Geordie), 
which  has  a  glass  within  the  wire  gauze,  and  the  Clanny,  which 
trusts  to  a  glass  opposite  the  flame,  and  therefore  gives  a  good  light, 
but  with  an  increased  risk. 

These  are  locked  in  the  ordinary  manner  by  a  screw  driven  in  by 
a  key  of  such  simple  form  that  it  is  not  a  very  difficult  matter  for 
a  determined  sinner  to  get  a  false  key  or  to  pick  the  lock.  In  favour 
of  the  Clanny,  and  still  more  of  the  lamp  of  Mueseler,  so  largely 
used  in  Belgium,  it  may  be  said  that  there  is  no  temptation  for  the 
men  to  pick  the  lock  or  to  unscrew  the  top ;  because  they  have 
what  they  want — they  have  already  plenty  of  light.  But,  inasmuch 
as  safety  in  a  dangerous  place  ceases  with  the  fracture  of  the  glass, 
our  colliery  managers  have  been  generally  averse  to  them.  I  am 
informed  by  Mueseler  that  a  glass  lasts  on  the  average  eighteen 
months.  The  safety  will  then  depend  on  when  and  where  it  breaks, 
and  what  regulations  are  followed  by  the  man  who  happens  to  get 
his  glass  broken  whilst  working  at  his  face  of  coal. 

The  great  majority,  therefore,  of  the  lamps  really  requiring  some 
safeguard  against  clandestine  opening,  we  are  glad  to  see  in  the 
Exhibition  several  contrivances  proposed  for  this  object.  The 
earliest,  probably,  of  these  is  that  of  M.  Dubrulle  of  Lille,  who  has 
contrived  that  the  unscrewing  of  the  top  of  the  lamp  draws  down 
the  wick  into  its  tube,  and  thus  extinguishes  the  light.  The  inventor 
exhibits  this  method  as  applied  to  several  lamps  of  different  kinds, 
which  he  makes  at  the  very  low  prices  attached.  It  is  quite  right 
and  satisfactory,  and  might  with  advantage  be  more  widely  pro¬ 
claimed  and  recommended  to  exhibiters,  that  an  industrial  exhibition 
should  contain  samples  of  the  real  daily  and  average  products  of 
manufacture,  not  fancy  articles  got  up  by  unusual  effort  to  make 
a  show  on  a  particular  occasion.  Thus  Dubrulle’s  lamps  must  be 
looked  at  without  forgetting  their  price ;  but  he  certainly  would  have 
better  set  off  his  contrivance  for  locking,  had  his  material  and  work¬ 
manship  been  of  a  higher  class.  M.  Lermusiaux  proposes  for  the 


same  purpose  to  employ  a  little  exhausting  pump,  without  the  use 
of  which  the  pin  which  completes  the  locking  cannot  be  removed,  and 
which  thus  puts  it  out  of  the  power  of  the  workman  to  tamper  with 
his  light. 

Messrs.  Jones  &  Charlton  (173),  incited,  as  they  point  out,  by 
the  occurrence  of  an  accident  (one  of  that  class  which  may  so  justly 
be  considered  preventible)  have  suggested  an  arrangement  by  which, 
if  the  lamp  be  unscrewed,  a  combination  of  levers  pinches  the  wick, 
and  puts  out  the  light.  But  to  the  form  as  at  present  exhibited 
the  objection  is  made,  that  the  previous  drawing  out  of  the  wick, 
or  the  insertion  through  the  wire  gauze  of  a  pin  to  hinder  the 
nippers  from  closing,  will  prevent  the  extinction  of  the  light,  and 
allow  time  for  completely  unscrewing,  and  then  duly  putting  the 
flame  in  order  again.  The  inventors  are,  I  believe,  preparing 
another  modification,  which  they  hope  will  be  free  from  these  weak 
points. 

Waring’s  Safety-lamp  has  a  spring  on  the  top  of  the  oil  chamber, 
which  prevents,  unless  it  be  pressed  down  from  within,  the  unscrew¬ 
ing  of  the  gauze.  This  can  only  be  effected  by  an  extinguisher 
attached  to  a  strong  wire,  which  passes  through  the  bottom  of  the 
lamp ;  the  extinguisher’s  normal  place  is  in  the  upper  part  of  the 
gauze  cylinder,  and  when  pulled  down  for  the  purpose  of  pressing 
the  spring,  and  so  giving  access  to  the  flame,  comes  closely  down 
over  the  wick,  and  puts  out  the  light. 

The  lamp  in  such  cases  is  extinguished.  What  then  ?  If  the 
man  who  does  it  is  so  determined  to  set  rules  and  discipline  and 
his  duty  to  his  neighbour  at  defiance,  he  will  most  likely  have 
secreted  some  lucifers  in  his  pocket,  and  will  get  a  light  when  it 
suits  him,  either  to  light  his  pipe  or  to  rekindle  his  now  open  lamp. 
If  the  same  result  be  brought  about  by  mere  thoughtlessness,  the  man 
will  have  to  find  his  way  alone,  or  with  some  companion,  to  the 
lamp-cabin,  there  to  explain  what  has  occurred,  and  to  get  started 
afresh.  For  some  cases,  therefore,  unless  the  lock  is  such  that  it 
cannot  be  opened  by  foul  means,  it  is  desirable  to  have  a  detector, 
which  shall  without  mistake  indicate  that  such  foul  play  has  really 
taken  place.  With  this  view,  M.  Arnould  of  Mons  proposed  the 
closing  of  the  two  portions  with  a  pin  of  lead,  on  the  broad  head  of 
which  some  device  (which  might  be  varied  from  day  to  day)  was 
stamped  in  a  press  by  the  lampman,  as  he  turned  out  the  lamp  in 
the  morning  ready  for  use.  If  this  was  defaced,  it  must  be  in 
an  attempt  to  open  the  lamp ;  detection  could  not  be  avoided  when 
the  lamp  was  handed  back  again  after  the  day’s  work.  But  in  the 
meanwhile,  what  might  not  have  happened?  This  suggests  surely 
something  of  a  flaw  in  the  system ;  but  yet  the  discovery  and  ejec¬ 
tion  of  a  culprit  of  this  sort  is  an  important  matter  for  a  mine,  as 
those  especially  will  feel  who  have  endeavoured  in  vain  to  find  out 
the  author  of  an  unmistakable  smell  of  tobacco  smoke  in  some 
strictly  safety-lamp  bord. 

M.  C.  E.  Crawley  has  applied  a  seal  of  thin  brass,  in  a  somewhat 
similar  manner,  to  close  up  the  aperture  above  the  locking  screw. 
He  has  attached  it  to  a  large  and  handsome  lamp,  for  which  he 
claims  various  advantages.  The  air  enters  from  below  through 
the  midst  of  an  annular  wick,  and  causes  a  strong  combustion, 
attended,  of  course,  by  much  greater  illuminating  power  than  the 
Davy.  This  no  doubt,  as  in  the  Mueseler,  removes  the  chief 
inducement  to  clandestine  opening ;  but  in  other  matters  of  graver 
importance,  such  as  its  safety  for  being  carried  about  in  a  fiery 
place,  and  especially  its  convenience  for  testing  the  presence  of  gas, 
I  fear  that  its  action  in  its  present  form  will  not  be  so  satisfactory. 

Dr.  Gray  exhibits  a  quaint-looking  modification  in  the  shape  of  a 
globular  wire-gauze  lamp  to  be  carried  strapped  to  a  man’s  fore¬ 
head.  The  suggestion  might  be  a  little  unaccountable,  but  for 
local  circumstances;  the  Scotch  colliers  being  in  many  districts  in 
the  habit  of  carrying  their  ordinary  open  oil  lamp  suspended  in 
front  of  their  cap.  And  when  it  comes  to  creeping  along  on  hands 
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and  knees  in  thin  seams,  or  flat  on  one’s  chest,  as  in  the  Mansfeld 
copper-slate  district  where  the  same  custom  prevails,  this  mode  of 
carrying  a  light  has  a  decided  convenience. 

Lastly,  M.  Higgs,  jun.,  of  Penzance,  proposes  a  safety-lamp  for 
special  employment  in  very  dangerous  places,  or  after  an  accident, 
when  the  fire-damp  is  so  strong  as  to  be  apt  rapidly  to  heat  the 
gauze  to  redness.  He  excludes  the  surrounding  air,  or  fire-damp, 
entirely  from  the  lamp,  and  feeds  the  flame  only  with  atmospheric 
air  from  a  copper  cylinder,  in  which  it  had  previously  been  con¬ 
densed.  Of  these  one  or  several  are  to  be  taken  into  the  working, 
according  to  the  length  of  time  through  which  the  danger  has  to 
be  braved. 

We  have  here  then  a  series  of  modifications  of  the  safety-lamp, 
all  taking  their  rise  in  Sir  Humphrey  Davy’s  happy  experiments, 
but  showing  an  amount  of  diversity  in  their  various  arrangement, 
which  is  the  clearest  proof  that  the  questions  of  the  best  lamp  and 
the  best  mode  of  locking  are  still  sub  judice.  Moreover,  it  will 
readily  be  conceded  that  good  rules  and  strictly  enforced  discipline 
among  the  work-people,  are  just  as  indispensable  as  a  perfect  lamp 
in  the  prevention  of  those  accidents,  often  so  cruel  and  so  sweeping, 
which  hurry  away  in  one  common  fate  the  prudent  and  innocent 
with  the  reckless  and  the  guilty.  The  time,  perhaps,  is  as  far 
distant  as  the  great  millennium  of  peace  which  we  were  some  years 
ago  taught  to  expect,  when  locks  may  be  dispensed  with,  and  good 
lamps  trusted  unlocked  to  all  the  underground  hands  of  a  colliery  ; 
but  we  may  nevertheless  hope  that,  what  with  the  serious  lessons 
constantly  taught  by  the  ever-dangerous  character  of  their  occupa¬ 
tion,  and  with  the  gradual  advance  of  a  more  reasoning  spirit  among 
the  majority  of  colliers,  the  necessary  discipline  may  be  more  easy 
to  maintain  than  it  has  hitherto  been,  and  may  one  day  find  the 
men  more  ready  to  support,  than  to  defy  or  evade  it. 

UNDERGROUND  CONVEYANCE.  —  From  the  successive  steps  of 
dragging  in  sledges,  wheeling  on  barrow-roads,  and  conveyance  by 
human  and  horse  labour  in  rolleys  upon  wooden  rails,  all  our  larger 
mines  of  the  present  day  have  risen  either  to  the  employment  of 
waggons  with  narrow  wheels  running  on  tram  plates,  or  what  is 
much  better,  of  broad-wheeled  waggons  or  tubs  upon  bridge  or 
T-rails  of  rolled  iron.  In  the  collieries,  where  the  chance  of  profit 
almost  always  depends  on  the  raising  of  large  quantities  of  mineral 
with  strict  economy,  the  conveyance  has  for  many  years  past  been 
invariably  effected  by  horses,  by  strong  animals  often  of  15  or  16 
hands  high,  in  the  main  roads,  and  by  ponies  in  the  lower  and 
temporary  roads,  nearer  the  face  of  the  workings.  But  in  the 
larger  works,  where  from  GO  to  150  horses  have  been  kept,  the 
expense  had  assumed  very  serious  proportions,  when  it  was  pro¬ 
posed  a  few  years  ago  to  establish  a  fixed  underground-engine  near 
the  bottom  of  the  shaft,  which,  by  means  of  an  endless  rope  passing 
round  large  horizontal  pulleys,  should  drag  a  train  of  waggons  along 
a  tolerably  horizontal  railroad.  In  several  of  the  northern  collieries 
apparatus  of  this  kind  was  soon  arranged,  and  has  been  found 
admirably  to  answer  its  purpose.  Mr.  Nicholas  Wood  has  contri¬ 
buted  two  valuable  essays  on  the  subject  to  the  Transactions  of  the 
Mining  Institute ;  but  notwithstanding  the  existence  in  this  form  of 
both  example  and  precept,  the  system  has  met  with  so  little  adop¬ 
tion  elsewhere,  and  is  in  fact  so  little  known,  that  we  may  refer  to 
the  model,  No.  413,  exhibited  by  Messrs.  Wood,  jun.,  and  Daglish, 
as  one  of  great  practical  importance.  Upon  the  border  of  this  table, 
and  on  all  its  four  sides,  we  see  the  application  of  this  mode  of  con¬ 
veyance  to  horizontal  road-ways,  and  to  those  which  are  inclined 
either  to  the  rise  or  to  the  dip  of  the  shaft  bottom.  An  engine 
model  capable  of  being  set  to  work,  and  therefore  made  on  a  larger 
scale  than  the  rest  of  the  apparatus,  represents  a  double-cylinder 
steam-engine,  placed  in  some  convenient  spot  near  the  shaft  foot, 
whence  the  smoke  of  the  boiler  fires  may  at  once  pass  into  the  return 
air.  Four  drums  or  rope-rolls  are  attached  to  it,  on  which  are 


wound  the  wire-ropes  which  pull  the  loaded  train  towards  the  shaft, 
and  at  the  same  time  the  empty  train  towards  the  station  at  the 
inner  end  of  the  engine  plane.  A  double  line  of  rails  or  three  rails 
with  suitable  passing  -  place  in  the  middle  is,  of  course,  needed 
where  two  trains  run  simultaneously,  as  is  most  advisable  when  the 
gradients  and  undulations  of  the  plane  are  moderate.  If  the 
inclination  of  the  road  exceed  1  in  30,  the  empties  will  run  down 
by  their  own  gravity,  pulling  after  them  the  rope  by  which  they 
will  be  drawn  up  again  after  loading. 

To  appreciate  the  importance  of  this  innovation,  it  is  necessary 
that  we  should  be  aware  of  the  small  amount  of  useful  effect  which 
is  obtained  from  horse-power  on  underground  roads.  All  who 
have  carefully  watched  what  journeys  and  with  what  load  a  horse 
performs  in  the  day,  have  been  aware  that  it  is  but  a  fraction  of 
what  can  be  accomplished  by  the  same  horse  at  the  surface.  But 
Mr.  Wood’s  paper  has  shown  us  in  tables  representing  the  observa¬ 
tions  made  in  a  number  of  different  collieries,  that  in  many  cases 
the  effect  falls  so  low  as  to  be  almost  inexplicable.  Concluding 
that  the  total  work  performed  by  a  good  horse,  under  favourable 
conditions  at  the  surface,  is  equivalent  to  one  hundred  and  thirty- 
three  tons  conveyed  one  mile  in  the  day;  the  proportional  quantity 
observed  in  the  very  best  roads  of  very  good  collieries  is  fifty ;  in 
the  ordinary  roads  of  the  best  works,  thirty ;  and  in  those  of  the 
general  run  of  coal  and  ironstone  mines,  from  twenty  down  to  as 
little  as  ten. 

The  reasons  for  this  manifest  want  of  efficiency  are  various,  and 
will  readily  be  suggested  to  the  mind  of  the  miner  ;  but  the  general 
conclusions,  without  our  going  into  farther  detail,  sufficiently  show 
that  some  other  means  of  traction  is  imperatively  needed  wherever 
excavations  are  extensive,  the  quantity  to  be  carried  large,  and 
the  roadways  not  too  crooked  or  undulating. 

The  actual  efficient  performance  of  the  engines  employed  in  this 
service  would  appear  to  be  from  22  to  50  per  cent,  of  the  pressure 
of  steam  on  the  piston,  but  the  total  saving  brought  about  by  their 
use  is  very  considerable.  In  the  best  examples  they  have  been 
made  to  work  a  line  of  from  one  to  one  and  a  half  mile  in  length. 
The  train  consists  of  from  thirty  to  as  many  as  one  hundred  and 
six  tubs  or  waggons,  each  of  them  holding  about  eight  cwts.  of  coal, 
and  forming  in  the  latter  case  (Seaton  Delava]  Colliery)  a  gross 
load  of  64-4  tons,  or  about  forty-one  tons  of  coal  at  a  time,  con¬ 
veyed  at  an  average  rate  of  nine  miles  per  hour. 

Observe  now  the  momentous  results  of  this  introduction.  It  is 
clear  that  a  length  of  two  miles  can  be  reached  without  difficulty, 
and  that  a  single  well-arranged  plane  may  be  capable  of  bringing 
eight  hundred  tons  of  coal  in  twelve  hours  to  the  shaft  bottom. 
Hence  we  may  work  at  an  economical  rate  over  a  very  large  area, 
and  avoid  the  delays  and  expense  of  sinking  shafts  in  difficult 
ground;  hence,  too,  we  may  at  once  calculate  on  being  able  to 
work  without  extra  expenses  a  broad  belt  of  coal  beneath  the  waves 
of  the  North  Sea,  where  no  shaft  can  be  sunk,  and  towards  which 
many  of  the  deeper  collieries  are  now  making  a  close  approach. 

It  is,  of  course  not  indispensable  for  the  establishment  of  engine 
traction  that  both  engine  and  boilers  should  be  placed,  as  above 
described,  at  the  bottom  of  the  pit.  The  engine  may,  if  more  con¬ 
venient,  be  placed  there,  and  the  boilers  at  the  surface — the  steam 
being  conveyed  down  the  shaft  in  a  pipe ;  or  the  engine  and  boilers 
may  both  be  on  the  surface,  and  the  rope  guided  down  the  shaft  by 
sheaves  and  rollers.  For  detailed  experiments  on  the  results  of 
these  different  modifications,  we  must  refer  to  the  paper  above 
cited,  congratulating  the  Institute  of  Newcastle  on  the  zeal  and 
activity  of  a  president  who,  after  writing  an  original  treatise  on 
railroads  in  the  pre-railway  year  of  grace,  1825,  has  now  given 
to  the  world  so  elaborate  a  series  of  observations  and  conclusions. 
Our  model  comes  into  play  as  a  useful  reflector  of  the  light  thus 
thrown  by  a  scientific  body  on  a  branch  of  mechanics,  which  we 
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could  otherwise  only  explore  by  the  flicker  of  a  pit  caudle,  or  the 
dismal  glimmering  of  a  safety  lamp. 

RAISING  OF  MINERALS. — During  the  last  few  years  a  great 
revolution  has  entirely  changed  the  methods  of  winding  or  raising 
the  mineral  in  shafts  at  almost  all  our  northern  works,  and,  indeed, 
all  those  where  the  raising  of  large  quantities  at  a  small  expense  is 
matter  of  moment.  The  German  miners  had  for  a  hundred  years 
hack  been  in  the  habit  of  steadying  the  corves  or  boxes  in  their 
ascent  and  descent  by  guide  rods  of  timber  ;  but  it  was  only  about 
the  year  1835  that  the  system  began  to  be  substituted  in  our 
northern  coal  fields  for  the  old  plan  of  raising  baskets  or  a  ponderous 
tub  swinging  loose  in  the  shaft.  A  step  was  now  taken  in  advance 
again  of  the  Germans  by  the  use  of  light  cages  or  frames  made 
solely  to  travel  up  and  down  the  shafts,  and  fitted  to  contain  from 
one  to  eight  at  a  time  of  the  tubs  or  underground  waggons  in  which 
the  mineral  had  been  conveyed  along  the  subterranean  roads.  It 
is  by  these  means,  and  by  improvements  in  the  winding  engines, 
that  a  speed  has  been  attained  which  renders  it  possible  to  bring 
up  from  a  great  depth  eight  hundred  to  twelve  hundred  tons  a  day 
at  a  single  shaft. 

In  almost  all  our  collieries  and  ironstone  mines,  the  work-people 
go  down  and  ascend  by  the  same  means  by  which  the  minerals  are 
raised.  Where  there  are  guides  they  stand  or  crouch  in  the  cage ; 
where  there  are  none  they  stand  in  the  corve  or  skip,  or  put  the  leg 
through  a  loop  and  hold  on.  But  as  soon  as  a  man  places  himself 
in  this  position  at  the  end  of  a  rope,  hanging  over  a  yawning  gulf, 
he  is  exposed  to  death  from  a  variety  of  risks,  which,  although  they 
bring  about  far  fewer  calamities  than  might  be  expected,  nevertheless 
swell  to  a  great  extent  the  sum  total  of  accidents  in  mines.  There 
is  not  only  the  chance  of  the  rope  or  the  link  of  a  chain  breaking ; 
there  are  pins,  and  bolts,  and  teeth  of  gearing,  and  there  is  the 
quickness,  and  sobriety,  and  presence  of  mind  of  the  engineman,  on 
all  of  which  the  men’s  lives  depend  from  second  to  second,  and  from 
day  to  day. 

The  question  constantly  suggests  itself,  what  can  be  done  to 
diminish  this  risk  ?  And  the  Exhibition  alone  is  sufficient  to  show 
that  many  ingenious  heads  and  skilful  hands  have  been  endeavour¬ 
ing  to  solve  the  question.  Let  me  premise  that  if  we  reject  the 
danger  of  suspending  men  to  ropes,  we  have  two  alternatives  for 
getting  them  to  and  from  their  work.  First,  the  climbing  of  ladders 
as  practised  in  most  of  our  metallic  mines,  a  plan  far  less  suitable  to 
collieries,  involving  also  great  wear  and  tear  to  constitution,  and  a 
loss  of  time  which  becomes  exceedingly  serious  when  the  depth 
exceeds  two  hundred  fathoms  or  twelve  hundred  feet.  Secondly, 
comes  the  admirable  invention  of  a  Hartz  miner,  the  Fahrkunst  or 
Man-engine,  first  erected  in  the  Clausthal  mines  about  1835,  and  of 
which  several  were  at  work  in  1839.  It  was  reinvented  in  Corn¬ 
wall,  and  first  set  in  action  at  Tresavean  mine  in  1842 ;  but  since 
that  time  it  has  been  introduced  into  many  of  the  more  important 
foreign  districts  both  of  coal  and  metalliferous  mines,  whilst  in 
Britain  it  has  found  its  way  into  seven  tin  and  other  copper  mines, 
but  as  yet  not  in  a  single  colliery.  This  machine,  undoubtedly 
the  safest  and  most  economical  means  of  raising  the  men,  is  un¬ 
fortunately  not  represented  in  the  Exhibition,  and  I  must  refer  the 
reader  who  may  interest  himself  in  the  subject  to  an  excellent 
descriptive  article  upon  it  in  the  June  number  of  the  Mining  and 
Smelting  Magazine ,  and  for  an  illustration  in  model  to  the  Museum 
of  Practical  Geology  in  Jermyn  Street,  where  the  two  varieties — 
the  double  and  the  single  rod  arrangements — may  be  seen. 

Lastly,  for  the  avoidance  of  fatal  results  in  case  of  the  rope 
breaking  or  running  out,  or  of  over-winding  against  the  pulleys, 
apparatus  has  been  applied  in  a  great  variety  of  forms  for  arresting 
the  descent  of  the  cage  by  hitching  it  against  the  guide  rods.  Mr. 
Fourdrinier  was,  I  believe,  the  first  to  carry  out  an  invention  of  this 
kind  on  a  practical  scale.  He  was  soon  followed  by  White  and 


Grant  of  Glasgow,  and  several  foreigners.  The  apparatus  of  both 
was,  to  my  own  knowledge,  applied  in  a  number  of  shafts  in  central 
England  and  in  Scotland  ;  but  in  the  course  of  a  few  years,  after  fair 
trial,  it  has  all  been  removed  again.  In  spite  of  this  a  goodly 
crop  of  new  inventions  for  the  same  end  and  aim  have  appeared, 
and  their  authors  doubtless  hope  that  the  faults  of  their  predecessors 
will  be  amended  in  their  own  contrivances.  Already,  indeed,  I 
observe  in  the  majority  of  the  methods  exhibited  to  us  a  consider¬ 
able  improvement  upon  the  analogous  objects  in  the  Exhibition  at 
Paris  in  1855.  The  figures  which  have  been  prepared  to  illustrate 
the  more  important  of  these  safety-cages — the  parachutes  of  the 
French — will  render  a  long  description  of  their  details  unnecessary. 
The  general  principle  adopted  is,  that  if  the  rope  breaks  it  releases 
a  spring  which  it  had  previously  held  tight,  and  the  spring  at  once 
acts  on  levers  which  clutch  the  sides  of  the  guides  or  dig  their  teeth 
into  the  solid  wood,  and  thus  hold  the  cage  against  the  guides  until 


Fig.  173. 


Owen’s  Cage — Side  Elevation. 


Fig.  174. 


Owen’s  Cage— Elevation  of  the 
Gripping  Mechanism. 


174  is  a  detail,  with  the  gripping 
the  cage  fixed  upon  its  guides,  A. 


assistance  is  obtained.  One 
of  the  safety-cages  best  known 
and  most  used  at  present  is 
that  of  Owen,  exhibited  under 
No.  191  by  Mr.  Knowles,  the 
proprietor  of  extensive  col¬ 
lieries  near  Manchester.  It  is 
one  where  the  mechanism  is 
light  and  simple,  and,  as  long 
as  the  spring  is  in  good  order, 
efficacious  —  qualities  which 
appear  to  have  obtained  for  it 
a  large  patronage  in  Lancashire. 
Fig.  173  is  an  elevation  of  this 
cage,  showing  the  gripping 
levers,  E,  out  of  action;  and  Fig. 

Fig.  175. 


Bennetts’  Skip— Elevation. 


levers,  e,  in  action,  and  holding 


PLATE  7. 
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Messrs.  Whitelaw  (400),  and  Hampshire  (13G),  have  exhibited 
models  of  safety  cages  of  very  similar  character,  in  which  a  good 
grip  is  exercised  on  the  sides  of  the  guide  rods. 

Mr.  Bennetts  (20)  has,  I  believe,  quite  independently  of  any 
former  invention,  applied  an  analogous  clutch  to  the  rectangular- 
guided  kibble,  which  they  call  a  skip  in  Cornwall.  It  is  applied 
to  inclined  shafts,  following  as  they  often  do  in  metalliferous  mines 
the  vagaries  of  the  mineral  vein,  and  has  been  in  successful  work 
for  the  last  two  years  at  the  well-known  mine  of  South  Frances, 
near  Redruth  (see  Fig.  175). 

Mr.  Jordan’s  (182)  is  an  apparatus  of  very  great  simplicity,  brought 
into  play  by  a  spring  of  vulcanized  India  rubber,  and  having  the 
advantage  of  firmly  nipping  the  guides  without  tearing  them  by 

Fig.  176. 


means  of  teeth.  His  whole  model  is  well  worthy  of  attention,  as 
showing  an  excellent  form  of  pit  frame  in  connection  with  these 
cages  (see  Fig.  176). 

Aytoun’s  Safety  Cage,  shown  in  Plate  7,  is  exhibited  in  full  work¬ 
ing  size  in  the  open  court  attached  to  the  Eastern  Annexe.  It 
is  very  simple,  and  different  from  that  proposed  by  any  one  else, 
is  thoroughly  effective,  and  bites  well  even  on  iron,  so  that 
it  may  be  employed  perfectly  well  for  iron  guides.  Mr.  Aytoun 
also  exhibits  with  it  a  very  ingenious  disengaging  catch,  to  prevent 
overwinding,  described  by  him  to  the  Royal  Scottish  Society  of  Arts 
in  1860.  Many  of  the  other  inventors  of  safety  cages  propose 
catches  for  the  same  purpose;  but  they  generally  depend  on  some 
arrangement,  such  as  a  projecting  lever,  which  is  apt  to  be  acted 
on  when  not  wanted.  This  latter  is  in  fact  one  of  the  objections 


brought  against  most  of  the  safety  apparatus  in  general,  and  no 
doubt  the  slacking  of  the  rope  during  the  rapid  descent  of  the  cage, 
and  the  consequent  hold  that  it  takes  of  the  guides,  from  which  it 
refuses  to  part,  and  then  the  tumbling  away  down  the  shaft  of 
heavy  rope  and  chain  on  the  top  of  the  cage,  are  sources  of  great 
inconvenience,  if  not  of  positive  danger.  Fig  1,  Plate  7,  is  a  front 
elevation ;  and  Fig.  2,  a  side  elevation  of  this  safety  cage,  showing 
the  disengaging  hook  or  catch  to  prevent  overwinding,  also  the 
duplex  lever  clutch  mechanism  for  holding  the  cage.  At  A,  b,  are 
represented  the  frame  and  boarding  forming  the  floor  of  the  cage. 
To  each  corner  of  the  lower  frame  is  secured  one  of  the  uprights, 
C,  connected  at  the  upper  part  by  horizontal  end  plates  and  trans¬ 
verse  stays,  surmounted  by  a  sheet-iron  roof.  On  each  side  of  the 
cage  at  the  upper  part  are  arranged  two  levers  which  are  centred 
on  the  end  plates.  The  shorter  ends  of  these  levers  are  made  with 
broad  flanges  which  partly  encircle  the  guide  rods  or  spears,  E, 
that  extend  to  the  bottom  of  the  shaft.  When  the  free  ends  of  these 
levers  are  in  their  proper  working  positions,  as  shown  in  Fig.  2,  they 
come  up  against  snugs  formed  at  the  top  of  the  standards,  C,  and 
the  whole  weight  of  the  cage  is  sustained  by  means  of  the  four  con¬ 
verging  links  and  a  short  chain,  which  is  supported  by  the  duplex 
safety  hook  above.  The  safety  hook  is  also  connected  by  a  short 
chain  to  the  winding  rope  overhead.  When  the  chain  or  winding 
rope  breaks,  or  the  lifting  hook  is  disengaged  from  any  cause,  the 
two  levers  on  each  side  are  depressed  by  the  action  of  a  strong 
double-ended  blade  spring,  which  acts  upon  laterally  projecting  studs 
in  the  levers.  In  this  position  the  end  flanges,  which,  when  the 
levers  were  in  a  horizontal  position,  formed  the  upper  guides  of  the 
cage,  now  catch  hold  of  the  guide  rods,  e,  on  each  side,  and  with  a 
force  proportionate  to  the  weight  of  the  cage  and  the  length  of  the 
levers.  In  this  way  the  cage  is  stopped  almost  instantaneously,  and 
is  securely  held ;  this  position  of  the  levers  is  indicated  by  dotted 
lines  in  Fig.  2  of  Plate  7. 


Mr.  Calow  (52)  has  also  obviated 
the  objection  above  mentioned,  by 
the  very  ingenious  manner  in  which 
he  brings  his  single  spring  to  bear 
on  the  clutches,  not  when  the  rope 
is  merely  slacked  by  irregularity  in 
descent,  but  only  when  the  cage 
begins  to  fall.  The  spiral  spring 
held  in  a  state  of  compression 
between  a  weighted  cap  above  it 
and  the  separable  part  of  the  cage 


Fig.  178. 


Calow’s  Cage— Sectional  Elevation. 


Section  of  Catch  in  Action. 


below  it,  no  sooner  feels  its  foundation  gone  by  the  cage  commenc¬ 
ing  to  fall,  than  it  flies  into  action,  lifting  its  cap  and  pulling  the 
levers.  Mr.  Calow  has  strong  testimonials  to  the  effectiveness  of 
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the  apparatus  where  erected  in  Derbyshire,  when  breakages  have 
occurred.  Figs.  177  and  178  represent  Mr.  Calow’s  apparatus  out 
of  action  and  in  action  respectively. 

Mr.  Pauli  of  Alston  has  endeavoured  to  do  away  with  the  employ¬ 
ment  of  springs,  notably  a  weak  point  about  the  safety  cages.  His 


Fig.  179. 


method  is  exhibited  in  a  model,  No.  266,  which  acts  very  fairly;  but 
we  believe  the  considerable  extra  weight  introduced  into  the  cage 
would  alone  operate  against  its  adoption. 


Fig.  iso. 


An  apparatus  especially  intended  as  a  protection  against  over¬ 
winding  is  exhibited  by  Mr.  W.  Corbett  (67).  This  was  invented 
by  Mr.  John  Davis,  the  manager  for  Mr.  Crawshay  at  the  Light- 


moor  pits  in  the  Forest  of  Dean.  It  is  of  a  totally  different  descrip¬ 
tion  to  all  the  above,  but  the  means  of  disengaging  the  tub  or  cage 
when  the  lower  end  of  the  rope  laps  itself  against  the  pulley  is  well 
contrived,  and  the  catches  to  hold  the  released  tub,  although  not 
particularly  neat,  appear  with  their  scissors-like  levers  and  numerous 
teeth  to  answer  this  purpose  well.  Fig.  179  represents  a  perspec¬ 
tive  view  of  Mr.  Corbett's  apparatus  complete,  and  Fig.  180  is  a 
detail  of  the  disengaging  catch  and  wheel. 

A  Belgian  mine-engineer,  M.  Nyst,  has  also  exhibited  a  small 
model  of  a  most  simple  safety  cage  acting  without  springs.  But 
more  satisfactory  is  his 
large  model  (245),  where 
in  addition  to  the  arrange¬ 
ments  of  the  small  one  a 
spring  is  made  to  act.  An 
elevation  of  this  safety  lever 
and  spring  action  is  shown 
in  Fig.  181.  The  guides 
are  not  rectangular  in  sec¬ 
tion  but  trapeziums,  and  the 
fork-ended  levers  which  are 
brought  into  action  by  the 
breakage  of  the  rope  come 
down  against  the  narrower 
end  of  the  trapezium,  and  exercise  a  friction  which  in  a  few  inches  to 
traverse  brings  the  cage  to  a  stand  still.  Alongside  of  this  model 
are  two  gigantic  cages  by  M.  Libotte,  fitted  with  a  safety  apparatus 
as  applied  in  several  Belgian  collieries.  These  full-sized  cages  will 
give  the  uninitiated  an  excellent  idea  of  the  havoc  produced  by  a 
breakage,  and  of  the  task  which  the  safety  clutches  have  to  per¬ 
form.  Those  of  M.  Libotte  appear  strong  and  well  executed,  but 
they  work  on  a  very  complicated  plan,  involving  a  number  of  levers 
with  five  joints  and  pins  at  each  side  of  the  cage. 

M.  Jacquet  of  Arras  exhibits,  in  France,  a  cage  also  of  full  size, 
with  a  safety  apparatus  attached,  of  a  very  similar  character.  It 
may  be  questioned  whether  these  latter  varieties — like  that  of 
White  and  Grant,  with  their  complexity  of  levers  and  springs — do 
not  introduce  one  source  of  danger  in  place  of  another.  And  in 
fact,  the  same  objection  is  made  by  many  of  our  most  thoughtful 
and  experienced  colliers  to  the  entire  race  of  parachutes  and  catches. 
They  consider  that  amid  the  dust  and  dirt,  rust  and  smoke  of  colliery 
shafts,  the  springs  and  moving  parts  will  be  apt  to  get  out  of  order 
unobserved,  and  thus  fail  to  act  at  the  moment  they  are  needed; 
that  they,  most  of  them,  introduce  an  element  of  inconvenience  and 
danger  by  acting  when  they  are  not  wanted;  that  they  tend  to 
induce  carelessness  as  to  the  condition  of  the  ropes;  and  in  fact  that 
the  best  means  of  safety  is,  get  the  best  ropes,  never  run  them  too 
long,  and  employ  careful  banksmen  and  enginemen.  It  is  perhaps 
premature  to  give  a  definite  opinion  on  the  question;  but  one  of  the 
merits  of  the  Exhibition,  amid  its  numerous  faults,  is  that  it  has 
placed  before  the  public  in  great  variety  new  forms  of  an  apparatus 
which  claims  attention  no  less  on  the  score  of  economy  than  from 
motives  of  humanity. 


Fig.  ist. 


NystTs  Parachute — Elevation  of  Catch  Action. 
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2.  METALLURGICAL  OPERATIONS. 

By  David  S.  Price,  Ph.D.,  F.C.S., 

Superintendent  of  the  Technological  Museum,  Crystal  Palace. 

"  XTENSIVE  progress  in  industrial 
science  is  nowhere  in 
^  the  Exhibition  more 
strikingly  indicated  than 
in  the  departments  relat¬ 
ing  to  Metallurgy.  Not 
only  has  a  better  know¬ 
ledge  of  the  properties  of 
certain  metals  been  ac¬ 
quired,  but  several  new 
members  have  been 
added  to  the  list  of  metal¬ 
lic  elements.  It  could 
hardly  be  expected  that 
specimens  of  these  me¬ 
tals  or  their  salts  would 
be  seen  in  the  present  Exhibition,  occurring  as  they  do  in  such 
minute  quantities  in  the  sources  in  which  they  have  been  discovered  ; 
such,  however,  is  the  interest  with  which  the  new  field  of  research 
opened  up  by  Kirchhoff  and  Bunsen  has  been  received,  that  we  find 
the  chlorides  of  Caesium  and  Rubidium  exhibited  amongst  other 
objects  in  the  Austrian  court,  while  Mr.  Crookes,  whose  experiments 
in  spectrum  analysis  resulted  in  the  discovery  of  a  new  element,  Thal¬ 
lium,  in  the  seleniferous  deposit,  from  the  oil  of  vitriol  works  at 
Tilkerode,  has  placed  specimens  of  some  of  the  compounds  of  this 
metal  amongst  the  chemical  products  in  the  Eastern  Annexd.  Thal¬ 
lium,  of  which  a  large  specimen  has  recently  been  shown  in  London, 
appears,  especially  in  some  of  its  physical  properties,  to  be  similar 
to  lead.  The  discovery  by  Sir  Humphrey  Davy  of  the  alkaline 
metals  potassium  and  sodium,  hitherto  surrounded  with  so  much 
scientific  interest,  has  now  received  a  useful  application  by  that  of 
Deville,  who  emploj's  them  for  the  production  of  the  new  metal 
Aluminium.  In  turning  our  attention  to  that  most  important  of  all 
metals,  Iron,  it  is  satisfactory  to  find  that  enormous  strides  have 
been  made  since  the  last  Exhibition,  not  only  in  the  production  of 
finer  qualities,  but  in  the  power  to  manipulate  larger  masses  ;  while 
the  splendid  achievements  of  Bessemer  have  enabled  us  to  produce 
ingots  of  several  tons  weight  by  direct  conversion  of  pig-iron  into 
steel.  It  is  proposed  in  the  following  pages  to  review  the  processes 
employed  in  the  preparation  of  ores,  and  their  metallurgical  treat¬ 
ment,  and  to  point  out  especially  the  progressive  steps  towards 
economy  in  and  extension  of  their  technical  applications. 

ORE-DRESSING  MACHINES. — When  we  consider  the  importance 
of  efficient  means  for  preparing  ores  prior  to  their  being  submitted 
to  the  operations  of  the  smelter,  we  shall  be  the  more  struck  by  the 
smallness  of  the  number  of  machines  exhibited.  In  Class  1,  in  the 
British  department,  there  are  only  two  working  models,  which  it 
will  be  necessary  to  notice — Hunt’s  Patent  Separator  (163),  and 
Edwards’  Patent  ore-dressing  machine.  In  the  former,  which  may 
be  considered  as  an  improvement  upon  the  old  hand-jig,  the  ore 
is  fed  upon  a  sieve  from  a  hopper,  and  water  is  forced  through  the 
sieve  in  pulsations  by  a  wooden  cylinder  and  piston  worked  by 
means  of  a  lever  by  a  workman,  who,  when  the  separation  is  effected, 
removes  the  waste  and  ore  with  a  hand-scraper.  In  Edwards’ 
machine,  which  is  very  economical  of  labour  (see  Fig.  182),  the 
ore  is  fed  in  the  same  way  as  in  Hunt’s;  but  the  separation  is 
effected  by  pulsations  given  to  the  water  with  which  the  machine 
is  filled  by  meaijs  of  a  set  of  revolving  cams  striking  upon  a 


flexible  disc  of  leather  or  other  material,  which  is  again  slowly 
raised  by  the  pressure  of  the  water  in  the  tank  of  the  machine. 
The  waste  in  working  ores  is  removed  as  it  rises  to  the  surface  of 
the  sieve,  by  a  set  of  self-acting  scrapers.  In  the  case  of  coal,  it  is 
of  course  the  coal  that  is  removed,  whilst  the  shale  and  pyritiferous 

Fig.  182. 


Edwards’  Ore-dressing  Machine — Sectional  Elevation. 

portions  collect  on  the  sieve.  The  loss  in  washing  coal  is  said  to  be 
trifling.  By  this  mechanical  arrangement  one  workman  is  capable 
of  attending  several  machines,  any  number  of  which  can  be  readily 
worked  together  by  steam  or  other  available  power.  The  machine 
is  exhibited  in  the  shed  of  the  Butterley  Company,  adjoining  the 
Annexe. 

In  the  Austrian  department,  a  model  of  an  excellent  ore-wash¬ 
ing  machine  is  exhibited  by  Mr.  Rittinger  of  Vienna,  well  known 
for  his  inventions  in  this  branch  of  metallurgy. 

FUEL  is  admirably  represented  in  the  Exhibition,  no  collection 
of  similar  magnitude  and  variety  having  probably  ever  been  made 
before.  Fossil  fuels  are  shown  of  different  geological  periods,  of  every 
kind  and  quality,  and  from  a  large  number  of  different  and  distant 
sources — India,  Japan,  the  Australian  colonies,  Vancouver’s  Island, 
and  all  the  coal-producing  countries  of  Europe.  In  addition  to 
these,  there  are  many  specimens  of  compressed  peat  and  peat  char¬ 
coal.  In  directing  attention  to  these  collections  it  will  be  briefly 
from  a  metallurgical  point  of  view,  as  Professor  Smyth  has  already 
treated  of  the  subject  generally  at  page  67. 

Coals  may  be  classified  under  the  following  heads  : — Anthracite, 
Semibituminous,  Bituminous,  Cannel,  Splint,  and  Lignite.  Anthra¬ 
cite,  considered  to  be  the  oldest  variety  of  coal,  is  in  its  purest  form 
composed  of  little  else  than  carbon.  Its  combustion,  on  account  of 
its  density,  is  effected  with  greater  difficulty  than  other  coals,  and 
its  uses  are  therefore  more  limited.  The  principal  deposits  are  in 
Ireland,  Pembrokeshire,  and  Carmarthenshire,  from  whence  speci¬ 
mens  are  exhibited.  It  is  employed  in  the  latter  county  for  smelt¬ 
ing  iron  with  hot  blast.  The  small  coal  of  anthracite  is  known  as 
culm,  and  is  much  used  in  Cornwall.  Semibituminous  or  steam 
coal  is  an  invaluable  fuel  for  steam  ships,  as  it  has  the  advantage  of 
being  sufficiently  bituminous  to  burn  without  caking,  and  to  open 
up  naturally  during  combustion,  thereby  giving  free  access  to  the  air 
without  the  necessity  for  much  stoking.  The  coke  made  from  it  is 
used  in  the  iron  works  at  the  northern  part  of  the  South  Wales  basin, 
the  district  in  which  this  coal  principally  occurs.  It  will  not  form 
a  massive  coke  by  itself  in  ovens,  and  is  therefore  coked  in  heaps 
in  the  old  way.  Samples  of  this  coal  have  been  forwarded  from  a 
great  number  of  collieries  in  the  Aberdare  district,  and  they  will  be 
sufficiently  conspicuous  without  specially  referring  to  their  numbers 
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in  the  catalogue.  A  remarkable  variety  of  this  coal,  showing  a 
peculiar  structure  known  as  the  “  cone-in-cone,”  and  found  only  in 
the  four-feet  seam  of  the  Aberdare  valley,  is  exhibited  by  Mr. 
Nixon. 

The  Bituminous  or  caking  coals  are  by  far  the  most  important, 
whether  we  regard  them  as  coals  for  household  and  general  pur¬ 
poses,  or  for  the  dense  and  excellent  coke  which  they  yield.  The 
properties  of  this  coal  are  too  well  known  to  need  further  descrip¬ 
tion.  They  are  the  prevailing  variety  of  our  British  coal  fields. 
As  a  general  rule  they  contain  about  50  per  cent,  of  bituminous 
matter.  The  Cannel  and  allied  coals,  which  occur  in  the  same 
deposits  as  the  bituminous  coal,  will  fall  to  the  province  of  the 
writer  on  coal  gas,  so  that  it  will  be  unnecessary  to  do  more  than 
mention  them.  Bituminous  coals  are  employed  in  the  raw  state  in 
the  blast  furnace  for  smelting  iron  in  many  districts,  especially  in 
Scotland.  The  value  of  the  coke  made  from  them  for  iron  smelting 
depends  mainly  upon  the  amount  of  sulphur  which  they  contain. 
Fine  samples  of  Newcastle  coke,  so  largely  employed  in  the  blast 
furnaces  of  the  North  of  England  and  for  locomotive  purposes,  are 
exhibited  by  the  Marchioness  of  Londonderry,  at  Messrs.  Ramsay’s 
stand  (291),  and  others. 

The  Splint  coal,  which  occurs  in  Derbyshire,  South  Yorkshire, 
and  other  localities,  is  inferior  to  the  caking  coal,  although  two  or 
three  seams  of  coal  of  first-rate  quality  are  met  within  the  same 
deposit,  and  are  now  largely  used  in  London  for  household  purposes. 
The  coke  which  it  yields  wants  coherence,  and,  as  a  fuel  for  blast 
furnaces,  is  by  no  means  equal  to  that  of  the  Newcastle  district.  The 
Butterley  Company  exhibit  large  blocks  of  their  hard  and  soft  coal. 
Splint  coal  is  extensively  worked  in  Scotland,  and  a  very  fine  block 
has  been  exhibited  from  the  Airdrie  district.  All  the  above  belong 
to  the  carboniferous  period.  Although  coals  of  later  geological  age 
occur  in  Britain,  they  are  not  of  importance  for  metallurgical  opera¬ 
tions.  The  Lignite  of  the  tertiary  formation  at  Bovey  in  Devon¬ 
shire  is  stated  to  have  been  recently  employed  for  iron  smelting. 
There  are  many  exhibitors  in  the  British  department  of  peat,  com¬ 
pressed  peat,  and  peat  charcoal. 

ECONOMY  OF  FUEL. — During  the  last  few  years  no  subject  has 
more  deservedly  attracted  the  attention  of  metallurgists  than  that 
of  the  economy  of  fuel.  It  is  to  the  Germans  that  we  are  mainly 
indebted  for  some  of  the  best  contrivances  for  attaining  this  object. 
They  have  paid  particular  attention  to  the  use  of  combustible  gases, 
and  have  perfected  furnaces  for  melting,  puddling,  and  the  reheating 
of  iron  and  steel  with  the  best  results.  The  principle  of  these  depends 
upon  the  generation  from  fuel  of  the  gas  in  a  separate  generator, 
and  its  combustion  in  the  reverberatory  furnace  by  means  of  a  well- 
regulated  stream  of  air.  A  control  is  thus  obtained  over  the  nature 
of  the  flame,  so  that  it  can  be  made  non-oxidizing  when  the  neces¬ 
sity  of  the  case  requires  it.  We  can  here  only  specify  the  furnaces 
of  Eck,  Thoma,  &  Eckman  as  those  which  have  been  found  to  work 
successfully,  and  direct  attention  to  the  one  in  operation  in  St.yria, 
of  which  a  drawing  is  exhibited  in  the  Austrian  collection  of  iron 
and  steel  articles.  The  treppenrost  furnace,  so  called  from  its 
broad  fire  bars  being  arranged  step-fashion  one  above  the  other, 
effects  the  combustion  of  small  coal  that  would  otherwise  fall  uncon¬ 
sumed  through  the  bars  of  an  ordinary  furnace. 

In  many  ironworks  in  this  country  and  abroad,  the  waste  gases  of 
the  blast-furnace  are  employed  for  heating  the  air  for  the  blast  and 
boilers  with  the  best  success,  and  it  is  by  no  means  unusual  to  find 
the  heated  gases  which  a  few  years  ago  were  allowed  to  escape 
unused  from  the  flues  of  puddling  and  balling  furnaces,  now  made 
to  do  service  as  steam  generators.  The  waste  gases  from  coke 
ovens  are  also  in  a  few  cases  employed  for  a  similar  object.  We 
shall  have  occasion,  when  speaking  of  iron,  to  describe  the 
methods  by  which  the  waste  gases  from  the  blast,  furnace  are 
utilized. 


Several  kinds  of  patent  fuel  are  exhibited  in  Class  i  in  England, 
France,  and  Austria.  They  are  made  of  either  small  or  crushed 
coal,  mixed  with  tarry  matter  to  effect  cohesion,  and  then,  in  some 
instances,  partially  torrefied. 

FIRE  CLAY.— The  value  of  a  material  capable  of  resisting  the 
effect  of  fire  cannot  be  overrated  in  metallurgical  operations.  *  There 
is  not  much  diversity  in  the  choice  of  our  natural  products  for  this 
purpose.  Fire-clay,  a  silicate  of  alumina  more  or  less  free  from 
metallic  and  earthy  bases  and  occurring  in  most  coal  measures,  is 
that  generally  employed  for  the  manufacture  of  bricks  and  the  con¬ 
struction  of  furnaces.  This  material  has  been  worked  up  into  retorts 
for  gas-makirig,  distillation  of  zinc,  and  other  purposes.  Formerly 
Stourbridge  was  nearly  the  only  well-known  source  of  a  good  fire- 
resisting  clay ;  but  now  Leeds,  Newcastle,  Glasgow,  and  many  other 
places,  produce  au  excellent  material  of  which  the  Exhibition  fur¬ 
nishes  us  with  many  illustrations.  In  the  Zollverein  (2180)  bricks 
manufactured  at  Duisburg,  known  as  chamotte  bricks,  composed  of 
a  very  large  proportion  of  burnt  clay,  appear  to  have  been  sub¬ 
mitted  to  severe  trials  to  establish  their  fire-resisting  qualities.  The 
mixture  of  graphite  and  fire-clay  is  capable  of  resisting  the  effects 
of  heat  in  a  much  higher  degree  than  fire-clay  alone,  and  pots  thus 
made  are  now  being  used  by  steelmakers. 

GRAPHITE. — The  increased  demand  for  graphite  has  stimulated 
the  search  for  this  substance.  Large  quantities  are  imported  from 
Ceylon,  and  specimens  (7)  (8)  (9)  may  be  seen  in  the  collection 
sent  from  that  island,  as  well  as  in  those  from  India  and  Canada, 
and  in  that  of  the  Plumbago  Crucible  Company  (578),  in  Class  2, 
where  specimens  from  other  sources  are  exhibited.  The  specimens 
in  the  Russian  Court  (26)  are  from  a  new  source  discovered  by 
M.  Siderof,  in  Eastern  Siberia,  where  it  is  stated  to  occur  in  most 
extraordinary  quantities.  Whilst  speaking  of  this  mineral  we  may 
direct  attention  to  the  variety  so  largely  used  in  Germany,  and  prin¬ 
cipally  by  Faber  of  Stein,  near  Nuremberg,  for  the  manufacture  of 
lead  pencils.  It  is  found  in  Siberia,  and  fine  specimens  can  be  seen 
in  the  Bavarian  and  Russian  Courts.  The  beautiful  group  of  objects 
carved  in  it,  and  which  is  placed  in  the  centre  nave  with  other 
works  of  art  from  Russia,  must  have  attracted  the  observation  of 
most  visitors  to  the  Exhibition,  so  as  to  render  further  notice  of  it 
unnecessary.  Mr.  Brodie’s  collection,  showing  the  mode  of  dis¬ 
integrating  and  purifying  graphite  by  means  of  sulphuric  acid,  the 
description  of  which  process  will  be  given  elsewhere,  will  be  found 
in  Class  2  (486).  For  certain  purposes  a  silicious  brick  is  advan¬ 
tageously  employed.  Specimens  of  those  manufactured  at  Dinas 
in  Glamorganshire  may  be  seen  in  Class  1.  Ganistcr,  a  sandstone 
from  the  coal  measures,  is  much  used  at  Sheffield,  and  Mr.  Bessemer 
employs  it  in  a  powdered  state  for  lining  the  converting  vessel  in 
his  process. 

IRON  AND  STEEL. — The  Exhibition  is  a  most  comprehensive  one 
in  all  that  relates  to  iron  and  steel.  It  includes  specimens  not  only 
of  every  description  of  ore,  but  of  every  kind  of  manufactured  pro¬ 
duct  from  the  implements  wrought  out  of  metal  obtained  by  the 
primitive  methods  in  use  amongst  the  natives  of  Western  and 
Southern  Africa,  Madagascar,  and  the  hilly  districts  of  Bengal,  to 
the  most  recent  achievements  of  manufacturing  skill  displayed  in  the 
British  and  continental  departments. 

The  methods  of  extracting  iron  from  its  ores  may  be  ranged  under 
two  heads — the  one  in  which  rich  oxides  containing  but  little  gang 
are  heated  at  a  comparatively  low  temperature  in  a  hearth  in  con¬ 
tact  with  charcoal,  by  which  means  they  are  reduced,  and  the  iron 
at  once  obtained  in  a  malleable  state — a  practice  in  use  in  the 
Pyrenees,  where  the  Catalan  forge  is  employed,  in  some  parts  of 
Spain,  in  India,  and  a  few  other  districts,  and,  in  bygone  times,  in 
our  own  country  :  the  other  where  the  oxides  are  mixed  with  mineral 
matters  that  require  the  addition  of  fluxing  agents  and  a  high  tem¬ 
perature  to  effect  their  fusion,  and  where,  in  consequence,  a  crude 
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or  cast-iron  is  produced  necessitating  a  process  for  its  conversion 
into  the  malleable  state.  This  operation  is  conducted  in  the  blast 
furnace,  the  method  now  universally  adopted.  It  will  be  scarcely 
necessary  to  add  that  pure  oxides  when  smelted  by  the  same 
method  yield  a  cast-iron,  owing  to  the  metal  combining  with 
carbon,  on  account  of  the  high  temperature  which  prevails  in  the 
furnace.  The  dimensions  of  the  blast  furnace  vary  in  different 
countries.  They  depend,  in  a  great  measure,  upon  the  nature 
of  the  ores  to  be  smelted  and  the  fuel  employed. 

In  Class  1,  in  the  British  department,  every  iron-making  district 
will  be  found  to  be  more  or  less  represented;  and,  in  drawing  atten¬ 
tion  to  so  large  a  collection,  it  will  be  advisable  to  do  so,  where 
possible,  according  to  the  nature  of  the  ores  smelted. 

The  most  important  iron  ores  of  Great  Britain  are  the  red  haema¬ 
tite,  brown  oxides,  sparry  iron  ore  or  manganiferous  carbonate  of 
iron,  clay  ironstone  of  the  coal  measures,  black-bands,  oolitic  ore  of 
the  Eston  Hills,  &c.  A  case  containing  a  complete  series  of  these 
ores  and  the  pig-iron  which  they  yield,  has  been  arranged  by 
the  author,  and  can  be  seen  (286)  in  the  Eastern  Annexe.  Red 

ha;matite  occurs 
in  almost  inex¬ 
haustible  quanti¬ 
ties  in  the  carbon¬ 
iferous  limestone 
at  Whitehaven  in 
Cumberland,  and 
Ulverstone  in 
Lancashire,  near 
St.  Austell,  and 
other  parts  of 
Cornwall,  at 
Llantrissant  (near 
Cardiff),  in  the 
Isle  of  Man,  and 
some  other  dis¬ 
tricts.  TheWhite- 
haven  haematite 
is  principally  kid¬ 
ney  ore,  nearly 
pure  peroxide  of 
iron.  Fine  speci¬ 
mens  of  it  have 
been  sent  by  the 
Parkside  and  Cle- 
ator  Companies. 
The  Ulverstone 
is  generally  small, 
as  may  be  seen 
upon  examining 
the  case  of  ores 
placed  upon  the 
model  of  Messrs. 
Schneider  and 
Hannay’s  works. 
Amongst  these 
will  be  found  a 
black  ore  from 
the  same  neigh¬ 
bourhood,  which 
contains  43  per 
cent,  of  peroxide 
of  iron,  and  50  per 
cent,  of  binoxide  of  manganese.  In  both  of  these  districts  much  of 
the  ore  is  smelted  on  the  spot,  as  well  as  sent  to  other  iron  works  at 
a  distance— its  purity  and  richness  rendering  it  of  great  value  to  iron 


smelters  in  general,  but  more  especially  to  those  who  work  up  their 
finery  and  forge  cinders.  Owing  to  the  demand  created  for  the  iron 
smelted  from  these  ores,  and  to  the  greater  facilities  for  obtaining  the 
Newcastle  coke,  the  production  of  pig-iron  has  within  the  last  year 
or  two  been  largely  developed  in  the  above  districts,  as  is  evidenced 
by  the  extensive  works  recently  erected  by  Messrs.  Schneider  & 
Hannay  at  Ulverstone,  of  which  a  model  is  shown.  As  the  blast 
furnaces  at  these  works  (one  of  which  is  shown  in  vertical  section 
at  Fig.  183)  embody  some  of  the  latest  improvements,  a  brief 
description  of  them  may  be  interesting. 

The  furnaces  are  forty-two  feet  high,  eleven  feet  wide  at  the 
mouth,  sixteen  feet  six  inches  wide  at  the  boshes,  fifteen  feet  three 
inches  below  the  boshes,  and  seven  feet  at  the  hearth.  The  tuyeres, 
of  which  there  are  six  placed  at  regular  intervals  apart,  are  inserted 
three  feet  above  the  bottom  of  the  hearth.  The  method  of  draw¬ 
ing  off  the  waste  gases  is  by  a  tube  descending  six  feet  into  the 
furnace,  where  it  is  supported  on  six  arms  of  brick.  The  diameter 
of  the  tube  is  about  one-third  that  of  the  mouth  of  the  furnace.  It 
will  thus  be  seen  that  a  portion  only  of  the  gases  is  economized. 
The  object  of  leading  the  gases  away  from  the  centre  by  the  plan 
described,  is  to  admit  of  the  charges  of  ore,  fuel,  and  limestone  being 
distributed  equally,  so  that  the  working  of  the  furnace  may  be  ren¬ 
dered  more  regular  than  is  found  to  be  the  case  by  the  “  cup  and 
cone”  plan.  Large  fans,  to  assist  in  drawing  off  the  gases,  are  placed 
in  connection  with  the  flues,  which  receive  the  products  of  their  com¬ 
bustion  in  the  stoves  and  under  the  boilers.  The  arrangement  of  the 
tubes  in  the  air  stoves  is  found  to  work  satisfactorily,  and  leakage  is 
said  to  be  avoided.  It  is,  however,  impossible  to  explain  the  plan 
of  the  stoves  without  the  aid  of  a  diagram,  but  it  can  be  studied 
in  the  model.  The  waste  formerly  committed  with  the  “  waste 
gases  ”  through  ignorance  of  the  chemistry  of  combustion,  has  in 
these  works  been  partially  remedied,  and  better  provision  has  been 
made  for  the  influx  of  air  to  the  stoves  and  boilers.  At  one  of  the 
furnaces,  the  extraordinary  quantity  of  1279  tons  of  grey  pig-iron 
has  recently  been  produced  in  fourteen  days. 

The  No.  1  pig-iron  smelted  at  the  Cleator  Works,  is  that  used  by 
Mr.  Bessemer  for  the  manufacture  of  steel  by  his  process.  In  the 
case  belonging  to  Messrs.  Harrison,  Ainslie,  and  Company  (141)  are 
exhibited  specimens  of  the  ores  supplied  for  annealing  cast-iron — an 
important  trade  at  Sheffield  and  Birmingham — for  fetling  puddling 
furnaces ;  and  also  of  pig-iron  smelted  from  the  ores  with  charcoal. 

The  most  important  brown  oxide  of  iron  is  that  from  the  Forest 
of  Dean.  The  best  kind  known  is  the  “  black  brush  ”  ore,  of  which 
a  fine  sample  has  been  sent  by  Mr.  H.  Crawshay. 

The  following  is  an  analysis  of  a  specimen  of  the  black  brush 
ore  by  Price  and  Nicholson :  — 


Sesquioxide  of  iron,  . 

.  89-28 

Water,  ..... 

.  9-74 

Silicic  acid,  .... 

0-98 

Phosphoric  acid, 

.  .  .  trace 

100  00 

It  makes  a  strong  and  pure  iron,  which,  amongst  other  purposes,  is 
extensively  used  for  the  manufacture  of  sheet-iron  for  tin  plates. 
Other  hydrated  oxides  of  iron  are  worked  in  the  South  of  Devon,  and 
in  Northamptonshire.  The  ores  from  the  latter  district  contain 
phosphoric  acid,  which  detracts  from  their  value.  Large  deposits  of 
similar  ore  occur  in  many  parts  of  England,  but  they  have  not,  as 
yet,  been  much  explored.  The  sparry  carbonate,  “spatheisenstein”of 
the  Germans,  so  much  in  use  in  the  iron  districts  of  Westphalia  and 
Styria,  and  which  yields  the  “  spiegeleisen,”  the  iron  from  which  the 
raw  or  natural  steel  is  manufactured,  was,  until  within  the  last  few 
years,  only  smelted  at  the  Tow  Law  Works,  near  Weardale,  in 
Durham,  where  a  limited  supply  was  obtained.  Since  1851,  how¬ 
ever,  another  source  of  this  valuable  mineral  has  been  discovered 


Fig.  183. 


Schneider’s  Blast  Furnace. — Sectional  Elevation. 
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and  largely  worked  in  the  Brendon  Hills,  Somerset,  whence  it  is 
shipped  to  Newport,  and  smelted  at  the  Ebbw  Vale  Ironworks. 
Mr.  Ebenezer  Rogers  was  the  first  to  draw  attention  to  this  valuable 
deposit  of  ore,  and  he  has  placed  in  the  Exhibition  a  very  interesting 
collection  of  specimens  (306)  of  the  rocks  and  ores  occurring  at 
his  mines,  with  diagrams  explanatory  of  the  geology  of  the  neigh¬ 
bourhood. 

The  following  is  an  analysis  of  this  ore  by  Price  and  Nichol¬ 
son  : — 


Protoxide  of  iron, 
Protoxide  of  manganese, 
Magnesia, 

Carbonic  acid, 


43-94 

12-88 

4-0 

39-18 


100-00 


When  smelted  with  a  light  burthen,  the  sparry  ore  yields  a  pig- 
iron  of  highly  crystalline  structure  and  steely  lustre,  rich  in  manga¬ 
nese  and  carbon.  Pig-iron  of  this  composition  naturally  wastes 
very  much  in  puddling,  but  the  quality  of  the  wrought-iron  which  it 
makes  is  excellent,  as  may  be  seen  by  the  samples  exhibited  by  the 
Weardale  Iron  Company  (394).  Spiegeleisen  is  now  being  used  in 
connection  with  the  manufacture  of  steel  by  the  method  of  Bessemer. 

The  ores  of  the  coal  measures,  the  black  bands,  and  clay  iron¬ 
stones  have  always  held  the  first  rank  amongst  the  valuable  iron 
ores  of  Great  Britain.  They  consist  essentially  of  carbonate  of  the 
protoxide  of  iron,  with  varying  quantities  of  the  carbonates  of  man¬ 
ganese,  magnesia  and  lime,  clay,  and,  in  the  case  of  the  black  bands, 
of  coaly  matter  which  in  the  Scotch  amounts  to  about  15  per  cent. 
They  are  never  smelted  in  the  raw  state,  but  are  first  subjected  to 
calcination  either  in  kilns  or  in  heaps.  It  was  the  discovery  of 
black  bands  by  Mushet  in  1801,  coupled  with  the  application  of  the 
hot  blast  by  Neilson,  that  made  Scotland  so  great  an  iron-producing 
country.  Many  specimens  of  black  band  are  exhibited  ;  most  of 
them  have  one  surface  polished,  by  which  the  structure  of  this  valu¬ 
able  ore  may  be  well  observed.  Raw  coal  is  generally  used  in  the 
blast  furnace  in  Scotland.  The  iron  obtained  from  black  band, 
although  not  a  strong  kind,  is  admirably  adapted  for  ordinary  castings, 
and  for  mixing  with  other  pig-iron,  as  it  melts  easily  and  flows 
freely  in  the  moulds — characters  which  it  owes  to  the  high  per  centage 
of  silicium  and  graphite  which  it  contains.  Excellent  bar-iron  is 
produced  from  it,  the  Govan  and  other  brands  bearing  a  very  high 
reputation  in  the  foreign  market.  Collections  from  Scotland  have 
been  sent  by  several  iron  firms,  of  which  we  need  only  particularize 
that  from  the  Govan  (53),  where  red  haematite  from  the  Isle  of 
Man  is  smelted  with  the  black  band,  and  the  collections  No.  318. 

The  following  well-arranged  collections  of  iron  from  districts  in 
which  the  clay  ironstones  are  smelted  in  England,  will  convey  a  good 
idea  of  the  quality  of  the  iron  made  from  these  ores,  which,  it  must  be 
stated,  are  not  in  all  cases  smelted  alone,  haematites  being  frequently 
added.  From  Yorkshire  we  have  an  admirable  series  of  specimens 
sent  by  the  Low  Moor  Company,  which  fully  sustain  the  character 
that  firm  has  so  long  enjoyed,  and  to  which,  in  addition  to  the 
great  care  bestowed  upon  every  stage  in  the  manufacture  of  their 
iron,  they  are,  in  no  small  degree,  indebted  to  the  purity  of  the  coal ; 
also  collections  from  the  Bowling  (33)  and  Farnley  (101)  Companies. 
Derbyshire  is  represented  by  the  Staveley  Works  (14),  Clay  Cross 
Company  (60),  but  more  particularly  by  the  Butterley  Company, 
whose  splendid  productions  in  wrought-iron — engine  beam,  gigantic 
girders,  and  massive  armour  plates — have  elicited  the  approbation  of 
every  one  interested  in  the  development  of  our  iron  manufacture. 
The  Shelton  Bar  Company,  and  Earl  Granville  (125),  send  specimens 
of  the  remarkable  ores,  intermediate  between  black  bands  and  clay 
ironstones,  worked  in  North  Staffordshire,  and,  in  addition,  a  well- 
selected  series  of  samples  of  iron,  including  a  rolled  plate  of  large 
dimensions.  From  the  South  Staffordshire  and  Dudley  district  we 


would  select  the  large  and  varied  collection  sent  from  the  Earl  of  Dud¬ 
ley’s  works;  the  knots,  tied  cold,  which  surmount  this  case,  and  the 
good  fracture  of  the  bars,  with  other  specimens,  bear  evidence  of  the 
progress  made  in  the  manufacture  of  iron  in  that  part  of  England. 
From  the  neighbouring  county  of  Shropshire  a  very  interesting 
collection  of  coal  ores,  &c.,  illustrated  by  a  drawing  showing  a 
section  of  the  coal  measures,  and  the  great  Lightmoor  fault,  is 
exhibited  by  the  Lilleshall  Company.  The  pig-iron  smelted  at  the 
furnaces  belonging  to  this  company  has  always  been  considered  one 
of  the  best  English  makes  for  foundry  purposes,  and  the  samples  of 
bar-iron  and  wire  of  all  dimensions  exhibited  in  the  case,  indicate 
the  quality  of  wrought-iron  made  from  it. 

From  South  Wales  there  are  many  exhibiters.  The  anthracite 
district  is  represented  by  the  Ystalyfera  and  Yniscedwyn  Works. 
The  Gadlys  Company  send  samples  of  their  well  known  cold-blast 
pig-iron.  The  Aberdare  Iron  Company  exhibits  a  model  of  a  large 
blast  furnace,  in  which  four  hundred  and  sixty  tons  of  pig  iron  are 
made  weekly.  Specimens  showing  the  mode  of  piling  for  rails  so  as 
to  economize  the  best  iron,  and  make  it  do  duty  only  where  most 
essential  (for  the  formation  of  the  upper  surface  and  flanges),  are 
interesting,  as  they  illustrate  a  plan  likely  to  become  general,  and 
which  is  now  adopted  in  Austria.  The  Ebbw  Vale,  Dowlais,  Blaen- 
avon,  Blaina,  and  other  works  in  South  W ales,  are  all  represented. 
The  present  Exhibition  contains  many  specimens  of  an  ore  which 
was  scarcely  known  in  1851.  The  results  following  the  discovery 
of  this  mineral  are  amongst  the  most  remarkable  connected  with 
the  iron  manufacture  of  Britain.  The  lias  ore  of  the  Cleveland 
district  to  which  we  refer,  was  first  worked  in  the  Eston  Hills,  where 
it  occurs  in  a  bed  on  an  average  fifteen  feet  in  thickness.  It  is  of 
oolitic  structure  and  green  colour.  In  consequence  of  its  discovery 
numerous  furnaces  have  been  erected  in  the  neighbourhood  of  the 
mines  at  Middlesbro’,  to  which  coke  is  brought  from  the  not  very 
distant  coal  fields  of  South  Durham.  The  ore  is  roasted  before 
being  smelted.  The  pig-iron  produced  from  it,  although  well 
adapted  for  certain  foundry  purposes,  the  casting  of  water  pipes, 
and  the  like  (see  specimen  sent  by  Messrs.  Cochran  of  the  Ormsby 
Iron  Works),  is  not  of  first-rate  quality.  It  only  now'  remains  to 
direct  attention  to  the  ores  of  the  green-sand  formation  smelted  at 
Westbury  in  Wilts  (130),  and  to  an  ore  from  the  tertiary  formation 
at  Hengistbury,  near  Christ-church,  Hants  (149).  The  sole  repre  ¬ 
sentative  of  the  once  great  iron-making  region  of  Britain,  the  Weald 
of  Kent  and  Sussex,  and  of  which  London  possesses  a  reminiscence 
in  the  railing  round  St.  Paul’s,  is  to  be  seen  in  the  case  (286)  already 
referred  to. 

COLONIAL  ORES  AND  IRON. — Most  of  our  colonies  send  speci¬ 
mens  of  iron  ores.  Those  of  India  and  the  iron  smelted  there,  both 
by  the  rude  and  primitive  methods  of  the  natives,  as  well  as  in  the 
blast  furnaces  of  the  East  Indian  Iron  Company,  have  been 
described  at  page  72.  The  most  remarkable  collection  is  that 
from  Canada,  where  some  of  the  deposits  are  of  extraordinary  thick¬ 
ness  and  extent,  as  well  as  excellent  in  quality.  They  form  part  of 
the  valuable  series  of  economic  minerals  formed  under  the  able 
direction  of  Sir  William  Logan,  F.R.S.,  the  head  of  the  Geological 
Survey  of  Canada,  to  whom  we  are  also  indebted  for  an  interesting 
descriptive  catalogue.  The  ores  sent  are  of  three  kinds — magnetic 
oxide,  red  haematite,  and  bog  ore.  At  the  Marmora  Mine  the 
“  Big  Bed  ”  deposit  of  magnetic  oxide  is  500  feet  thick !  not,  how¬ 
ever,  in  a  single  bed,  but  in  a  series  of  beds,  one  of  which  measures 
100  feet  in  thickness.  A  furnace  was  erected  at  these  mines  some 
years  since,  but  owing  to  the  distance  of  the  place  from  a  shipping 
port,  it  was  found  that  iron,  notwithstanding  its  excellent  quality, 
could  not  be  smelted  with  advantage.  Unfortunately,  in  Canada,  the 
coa’-measures  have  been  swept  away,  or  her  prospects  as  an  iron- 
producing  country  would  be  unrivalled.  From  a  mine  on  Mud  Lake, 
a  part  of  the  Rideau  Canal,  there  is  a  specimen  of  the  same  kind,  of 
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ore  taken  from  a  bed  200  feet  thick  occurring  in  gneiss.  This  ore 
is  sold  at  Kingston  for  2J  dollars  per  ton.  and  goes  from  thence  to 
the  iron-works  at  Pittsburg  in  Pennsylvania.  About  4000  tons 
were  exported  in  1859,  At  Hull  there  is  a  similar  bed,  90  feet 
thick.  Large  deposits  of  bog-iron  ore  are  found  on  the  north  of  the 
St.  Lawrence,  especially  in  the  neighbourhood  of  the  St.  Maurice 
and  Batiscan  Rivers.  The  manufacture  of  iron  from  these  ores  at 
Three  Rivers  dates  back  more  than  a  century,  dhe  St.  Maurice 
Forges,  which  were  established  in  1737,  continued  in  operation 
until  1858,  when  they  were  stopped  for  want  of  ore  and  charcoal. 
The  present  works,  the  Radnor  Forges,  are  in  the  seigniory  of  Cap 
de  la  Madelaine,  on  the  Riviere  au  Lard,  a  tributary  of  the  Champ¬ 
lain  river.  About  2000  tons  of  pig-iron  are  annually  produced 
from  the  bog  ores  of  the  district,  which  are  smelted  with  charcoal. 
This  iron  is  principally  used  for  casting  wheels  for  railway  cars. 
One  of  the  wheels,  which  has  run  a  distance  of  150,000  miles,  is 
exhibited,  with  other  specimens  from  these  works.  We  must  not 
omit  to  notice  a  specimen  from  a  remarkable  bed  of  ilmenite  with 
rutile,  ninety  feet  thick,  which  occurs  at  St.  Urbain,  Bay  of  St.  Paul. 
The  ore  consists  of— 

Oxide  of  titanium,  .....  48‘CO 

Protoxide  of  iron,  .....  46'44 

Magnesia,  ......  3-GO 

98-64 


As  the  Australian  colonies  do  not  appear  to  be  working  their  ores 
of  iron,  it  will  suffice  to  draw  attention  to  the  fact  that  all  of  them 
send  specimens,  the  predominating  variety  of  which  appears  to  be 
the  brown  oxide.  An  object  of  great  interest  in  the  collection, 
from  Victoria,  is  the  large  mass  of  meteoric  iron  from  Cranbourne. 

STEEL.— The  application  of  steel  has  greatly  extended  since  the 
last  Exhibition.  This  is  chiefly  to  be  attributed  to  a  better  know¬ 
ledge  of  working  it  in  larger  quantities,  more  especially  by  the 
Bessemer  process.  The  great  strength  which  steel  possesses  renders 
it  peculiarly  adapted  for  certain  purposes — for  the  rods  of  suspension 
bridges,  girders,  rails,  tyres,  boiler  plates,  piston  rods,  &c. ;  while 
cost  of  production  is  the  only  impediment  that  prevents  its  sup¬ 
planting  iron  for  an  infinity  of  uses.  Notwithstanding  its  high 
price,  there  are  certain  cases  where  the  first  heavy  outlay  may 
ultimately  prove  the  most  economical,  and  with  this  view  the 
crank  shaft  made  by  Mr.  Krupp  of  Essen 
for  one  of  our  steam-shipping  companies 
has  no  doubt  been  ordered.  The  price 
of  this  shaft  is  at  the  rate  of  3s.  per  lb. ! 
Mr.  Krupp  has  the  honour  of  sending,  as 

Fig.  184. 


Bessemer’s  Process— Side  Elevation, 
partly  in  section. 


regards  size,  the  most  remarkable 
specimens  of  cast  steel,  and  it  is 
unfortunate  that  they  have  been 
placed  far  away  from  all  allied 
objects,  where  they  may  escape  being  seen  by  many  of  our  artisans 
who  have  only  a  day  or  two  to  devote  to  the  building. 

BESSEMER'S  PROCESS. — Although  the  Exhibition  contains  many 
examples  of  steel  made  by  several  different  processes,  none  is  of 
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more  importance  than  that  of  Bessemer,  which  may,  with  justice,  be 
said  to  be  one  of  the  grandest  instances  of  progress  made  in  manu¬ 
factures  since  1851.  It  will,  therefore,  be  well  to  describe  somewhat 
fully  the  method  of  conducting  this  operation  at  Sheffield.  Before 
doing  so  I  will  observe  that,  to  insure  success  in  the  process,  it  is 
necessary  to  employ  pig-iron  as  free  as  possible  from  sulphur  and 
phosphorus.  In  England,  where  every  variety  of  pig-iron,  owing  to 


Fig.  185. 


Bessemer’s  Process — Front  Elevation. 


coal  and  coke  being  employed  in  the  blast-furnace,  contains  more  or 
less  of  the  former,  and,  from  the  presence  of  phosphoric  acid  in  nearly 
all  our  ores,  variable  amounts  of  the  latter  element,  the  selection  of  a 
material  is  necessarily  more  limited  than  in  countries  where  char¬ 
coal  and  pure  iron  ores  are  abundant.  Mr.  Bessemer  employs 
No.  1.  pig-iron,  smelted  at  the  Cleator  Works,  from  red  haematite, 
by  means  of  coke  and  hot-blast.  The  following  is  the  method  by 
which  the  operation  of  its  conversion  is  carried  out.  For  the  descrip- 
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Bessemer’s  Process— Plan. 

tion  of  the  process,  and  for  the  diagrams  illustrating  the  apparatus 
and  machinery  employed,  I  am  indebted  to  the  kindness  of  the 
inventor.  The  apparatus  represents  the  arrangement  at  Messrs. 
John  Brown  &  Co.’s  Atlas  Steel  Works,  Sheffield.  Fig.  184  is  a 
side  elevation,  and  Figs.  185  and  186  a  front  elevation  and  plan. 

The  crude  pig-iron  is  smelted  in  a  reverberatory  furnace  adjoin¬ 
ing,  and  is  then  run  into  the  converting  vessel,  A  (Figs.  184  and  185), 
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in  which  its  conversion  into  steel  is  to  be  effected.  The  converting 
vessel  is  shown,  enlarged  in  section,  in  Fig.  187,  the  melted  pig-iron 
being  run  into  it  direct  from  the  furnace.  It  is  made  of  stout 
boiler  plate,  and  lined  with  a  powdered  silicious  stone,  found  in  the 
neighbourhood  of  Sheffield,  below  the  coal,  and  known  as  “ganister.” 
The  rapid  destruction  of  this  lining  was  one  of  the  great  difficulties 


Fig.  1ST. 


Fig.  iss. 
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licsscmcr’s  Process— Section  of  Converting  Vessel. 


Vertical  and  Horizontal 
Section  of  Tuyere. 


met  with  in  the  early  stages  of  the  invention  ;  the  excessive 
temperature  generated  in  the  vessel,  together  with  the  solvent 
action  of  the  fluid  slags,  dissolved  the  best  fire-brick  so  rapidly,  that 
sometimes  as  much  as  two  inches  in  its  thickness  would  be  lost 
during  the  thirty  minutes  required  to  convert  a  single  charge  of  iron 
into  steel.  The  ganister  now  used,  however,  is  not  only  much 
cheaper  than  fire-bricks,  costing  only  about  11s.  per  ton  in  the 
powdered  state,  but  it  is  also  very  durable.  The  converting  vessel, 
A,  is  mounted  on  bearings,  which  rest  on  stout  iron  standards,  c  c, 
and  by  means  of  the  gearing  and  handle,  D,  it  may  be  turned  into 
any  required  position.  There  is  an  opening  at  the  top  for  filling 
and  pouring  out  the  metal,  and  at  the  bottom  of  the  vessel  are 
inserted  seven  fire-clay  tuyeres,  each  having  seven  holes,  as  shown 
in  the  plan,  Fig.  188,  and  in  the  enlarged  longitudinal  and  horizontal 
section  of  one  of  the  tuyeres  (Fig.  189).  The  blast  from  the  engine 
is  conveyed  through  one  of  the  bearings,  E,  of  the  vessel  (Fig.  185), 
into  the  tuyere-box,  f,  and  enters  the  tuyeres  at  a  pressure  of  about 
14  lbs.  per  square  inch,  which  is  more  than  sufficient  to  prevent 
the  metal  from  entering  therein. 

Before  commencing  with  the  first  charge  of  metal,  the  interior  of 
the  converting  vessel  is  throughly  heated  by  coke,  with  a  blast 
through  the  tuyeres  to  urge  the  fire ;  when  sufficiently  heated,  it  is 
turned  upside  down,  and  all  the  unburnt  coke  falls  out.  The 
vessel  is  then  placed  in  a  horizontal  position,  and  the  melted  pig- 
iron  run  into  it  from  the  furnace  by  the  spout,  the  vessel  being 
kept  in  such  a  position  during  the  process  of  filling  that  the  holes 
of  the  tuyeres  are  above  the  surface  of  the  metal.  When  the 
proper  charge  of  iron  has  been  run  in,  the  blast  is  turned  on,  and 
the  vessel  quickly  moved  up  into  the  position  shown  in  Fig.  187. 
The  blast  now  rushes  upwards  from  each  of  the  forty-nine  holes 
of  the  tuyeres  into  the  fluid  metal,  producing  a  most  violent 
agitation  of  the  whole  mass.  The  silicium,  always  present  in 


greater  or  less  quantities  in  pig-iron,  is  first  attacked,  and  unites 
readily  with  the  oxygen  of  the  air,  producing  silicic  acid ;  at  the 
same  time  a  small  portion  of  the  iron  undergoes  oxidation,  and 
hence  a  fluid  silicate  of  the  oxide  of  iron  is  formed,  a  little  carbon 
being  simultaneously  burnt  off.  The  heat  is  thus  gradually  in¬ 
creased,  until  nearly  the  whole  of  the  silicium  is  oxidized,  which 
generally  takes  place  in  about  twelve  minutes  from  the  commence¬ 
ment  of  the  process.  The  carbon  of  the  pig-iron  now  begins  to 
unite  more  freely  with  the  oxygen  of  the  air,  producing  first  a  small 
flame,  which  rapidly  increases,  and,  in  about  three  minutes  from  its 
first  appearance,  a  most  intense  combustion  is  going  on  ;  the  metal 
now  rises  higher  and  higher  in  the  vessel,  sometimes  occupying  more 
than  double  its  former  space,  and,  in  this  frothy  fluid  state,  pre¬ 
sents  an  enormous  surface  to  the  action  of  the  air,  which  uniting 
rapidly  with  the  carbon  contained  in  the  crude  iron,  produces 
a  most  intense  combustion — the  whole  mass  being  in  fact  a  perfect 
mixture  of  metal  and  fire.  The  carbon  is  now  burnt  off  so  rapidly 
as  to  produce  a  series  of  harmless  explosions,  throwing  out  the 
fluid  slag  in  great  quantities,  while  the  combustion  of  the  gases  is  so 
perfect  that  a  voluminous  white  flame  rushes  from  the  mouth  of  the 
vessel,  illuminating  the  whole  building,  and  indicating  to  the  prac¬ 
tised  eye  the  precise  condition  of  the  metal  inside.  The  blowing 
may  be  left  off  at  the  expiration  of  the  time  which  has  been  found 
in  practice  necessary  for  the  completion  of  the  operation,  and  when 
the  appearance  of  the  flame  indicates  the  required  quality  of  metal. 
This  is  the  mode  preferred  in  working  the  process  in  Sweden.  At 
the  works  in  Sheffield  the  blowing  is  continued  beyond  this  stage, 
until  the  flame  suddenly  drops,  which  it  does  just  on  the  approach 
of  the  metal  to  the  condition  of  malleable  iron  ;  a  small  measured 
quantity  of  charcoal  pig-iron,  containing  a  known  proportion  of 
carbon,  is  then  added,  and  thus  steel  is  produced  of  any  desired 
degree  of  carburation.  The  addition  of  the  charcoal  pig-iron  is 
effected  by  tipping  forwards  the  converting  vessel,  shutting  off  the 
blast,  then  putting  in  the  iron  and  afterwards  turning  on  the  blast 
for  a  few  seconds.  The  whole  process  lasts  about  twenty  minutes. 

The  vessel,  A,  is  then  turned  into  the  position  shown  in  Fig.  190, 
and  the  fluid  steel  run  into  the  casting  ladle,  G,  which  is  carried  by 

the  hydraulic  crane,  n, 
Fig.  i9o.  being  counter-balanced 

by  the  weight,  x,  on 
the  opposite  end  of  the 
jib,  as  shown  in  Fig. 
184.  When  all  the 
metal  is  poured  out  of 
the  converting  vessel, 
the  crane  is  raised  by 
water  pressure,  and 
turned  round,  as  shown 
in  Fig.  191,  for  the 
purpose  of  running  the 
steel  into  the  ingot 
moulds,  k.  Instead  of 


Bessemer's  Process — Section  of  Vessel,  Side  View  of  Ladle. 

tilting  the  casting  ladle  for  pouring  into  the  moulds,  it  is  made  with 
a  hole  in  the  bottom  fitted  with  a  fire-clay  seating,  L  (Fig.  192),  and 
closed  by  a  conical  plug  of  fire-clay,  forming  a  conical  valve.  The 
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valve  rod,  N,  is  coated  with  loam,  and  bent  over  at  the  top,  and  works 
in  guides  on  the  outside  of  the  ladle,  as  shown  in  Fig.  190,  with  a 
handle,  0,  for  opening  and  closing  the  valve.  By  thus  tapping  the 
metal  from  below,  no  scoria  or  other  floating  impurities  are  allowed 
to  run  into  the  moidd,  and  the  stream  of  fluid  steel  falls  down  the 
centre  of  the  mould  without  coming  in  contact  with  its  sides.  The 

mould  being  of  a  slightly 
Fig- 191-  tapered  form,  enables  the  ingot 

in  cooling  completely  to  liberate 
itself,  and  when  sufficiently 
Fig.  192. 


Bessemer’s  Process, — Side  view  of 
Hydraulic  Crane  raised. 


Section  of  Ladle  and  Ingot 
Moulds. 


set  to  be  removed  with  facility.  The  moulds  are  arranged  in  the 
pit  in  an  arc  of  the  circle  described  by  the  casting  ladle,  as  shown  in 
the  plan,  Fig.  186. 

By  this  process,  from  one  to  ten  tons  of  crude  iron  may  be  con¬ 
verted  into  cast  steel  in  thirty  minutes,  without  employing  any  fuel 
except  that  required  for  melting  the  pig-iron  and  for  the  preliminary 
heating  of  the  converting  vessel,  the  process  being  effected  entirely 
without  manipulation.  The  loss  in  working  English  iron  in  small 
quantities  is  from  14  to  18  per  cent.,  but  with  the  purer  iron  in 
Sweden  tapped  from  the  blast  furnace  it  is  said  to  be  only  8|  per¬ 
cent.  The  largest-sized  apparatus  at  present  erected  is  that  in  use 
at  the  Atlas  Steel  Works,  Sheffield,  the  converting  vessel  being 
capable  of  converting  four  tons  at  a  time,  which  it  converts  into 
cast  steel  in  twenty  minutes.  In  consequence  of  the  increased 
size  of  the  converting  vessel  in  this  case,  no  metal  is  thrown  out 
during  conversion,  and  the  loss  of  weight  has  fallen  as  low  as  10 
per  cent.,  which  includes  the  loss  of  melting  the  pig-iron  at  the 
reverberatory  furnace. 

There  is  still  a  great  deal  to  accomplish  in  order  to  extend  the 
operation  of  this  process;  and  whether  this  be  effected  by  Mr.  Bes¬ 
semer  or  others,  it  is  to  be  hoped  that  he  may  yet  reap  an  ample 
pecuniary  reward  for  the  great  era  which  he  has  created  in  the 
metallurgy  of  iron  and  steel,  and  for  the  perseverance  with  which  he 
has  endeavoured  to  apply  his  discovery. 

Having  now  described  the  process,  it  will  be  necessary  only  to 
mention  a  few  of  the  specimens  exhibited  in  the  Bessemer  stand  at 
the  head  of  the  Sheffield  court.  To  two  of  these,  the  tyres  from 
Sweden,  we  have  already  alluded.  The  twisted  rail  is,  perhaps,  one 
of  the  most  striking  objects.  The  experiment  was  performed  upon 
the  cold  metal ;  but  in  order  to  show  that  the  steel  when  hot  is  capable 
of  sustaining  a  similar  severe  trial,  a  large  piece  has  been  twisted  at 
a  red  heat.  The  bowls  struck  out  of  a  plate  about  three-quarters 
of  an  inch  thick,  and  the  vessels  of  thin  plate,  attest  the  quality  of 
the  material  operated  upon. 

SWEDEN. — The  name  of  Sweden  is  usually  associated  in  our  minds 
with  that  of  a  country  thinly  populated,  covered  with  woods,  and 
although  now  and  then  producing  stars  of  the  first  magnitude,  as 
Gustavus  Adolphus,  Charles  XII.,  Linnaeus,  and  Berzelius,  is  little 
known  except  as  a  land  long  famed  for  the  excellency  of  its  iron. 


Those,  however,  who  visit  the  collections  in  the  Exhibition  will  find, 
that  whilst  fully  sustaining  her  old  reputation,  there  is  ample  evi¬ 
dence  of  a  great  development  of  many  of  the  industrial  and  fine 
arts.  It  is,  however,  to  the  mineral  products  in  the  court  that  we  have 
to  confine  our  remarks,  and,  in  the  present  instance,  especially  to  what 
relates  to  iron  and  steel.  I  am  indebted  to  the  kindness  of  my 
friend,  M.  Grill,  the  director  of  the  board  of  ironmasters  in  Sweden, 
than  whom  no  one  has  a  greater  knowledge  of  the  manufacture  of 
iron  and  steel  in  his  own  and  other  countries,  for  the  following 
valuable  description  of  the  specimens  exhibited. 

Of  the  celebrated  Dannemora  marks  (brands),  only  one  is  repre¬ 
sented,  the  well  known  “double  bullet”  (72).  There  is,  however, 
a  good  collection  of  the  ores  from  which  the  best  descriptions  of  iron 
for  steel-making  purposes  are  smelted.  They  are  magnetic  oxides, 
exhibiting  a  fine,  close,  and  bright-grained  fracture,  containing 
sufficient  fluxing  mineral  matter  to  admit  of  their  being  smelted 
without  the  addition  of  any  other  agent.  All  the  ores  are  not,  how¬ 
ever,  alike  in  this  respect,  and  when  this  is  the  case,  those  rich  in 
lime  are  mixed  with  others  that  are  more  silicious.  They  are 
always  calcined  before  being  introduced  into  the  blast  furnace. 

This  is  effected  in  kilns  of  peculiar  construction,  in  which  the 
waste  gases  of  the  blast  furnace  are  utilized  as  fuel.  The  ore  is 
not  allowed  to  remain  too  long  in  the  kiln,  any  approach  at  fusion 
being  carefully  guarded  against.  The  blast  furnaces  in  the  Danne¬ 
mora  district  are  all  driven  by  cold  blast,  charcoal  being  the  fuel 
employed,  which  is  also  the  case  in  the  refining  process,  carried  on  in 
forges  of  a  peculiar  shape,  and  upon  a  plan  introduced  about  the 
year  1630  from  the  Walloon  country  by  Louis  de  Geer. 

In  the  Swedish  blast  furnaces,  where  the  gases  are  utilized,  they 
are  drawn  off  at  two  openings  at  opposite  sides  of  the  furnaces,  at  a 
depth  of  about  one-third  their  height.  No  arrangements  are  in 
general  use  to  cover  or  partially  cover  the  mouth  of  the  furnace, 
as  is  the  case  in  England. 

Of  the  second  Dannemora  brands  there  are  Gysinge  or  “  J.  B.” 
(20),  Soderforss  or  big  S  (63),  and  Elfkarleo  or  “  C  and  crown,”  of 
which  both  pig  and  wrought  iron  are  exhibited,  and  we  would 
strongly  invite  the  inspection  of  British  ironmasters  to  these 
specimens. 

At  Sheffield  the  Dannemora  irons  are  chiefly  used,  on  account  of 
their  “  body,”  for  best  melting  purposes  and  shear  steel.  There 
are,  however,  a  great  many  other  Swedish  brands  which  hold  a 
high  rank  in  the  steel  market,  and  command  accordingly  a  corre¬ 
sponding  price.  Having  alluded  to  the  Dannemora  irons,  it  will 
not  be  necessary  to  describe  the  other  brands  in  any  particular  order. 
The  first  in  the  catalogue  (6)  is  the  iron  from  Baldersnas  Iron 
Works,  representing  the  well-known  brand  B.F.V.  The  late  pro¬ 
prietor  of  these  works,  Mr.  C.  F.  Wrern,  was  the  first  to  introduce 
the  South  Wales  refinery  process  into  Sweden,  where  it  is  known 
as  the  Lancashire  method,  from  the  workmen  who  were  engaged  to 
introduce  it  coming  from  that  county.  This  method  is  now  exten¬ 
sively  adopted,  and  nearly  exclusively  so  for  the  steel-irons  sent  to 
England,  France,  and  America.  The  B.F.V.  iron  is  smelted  from 
the  Persberg  ores,  exhibited  with  other  ores  from  the  same  district 
(68,)  as  are  also  the  following  brands :  —  (W.B.),  Gammal- 
kroppa  and  Salboda  (16) ;  (M.B.),  Molnbacka  (46) ;  (O.P.S.), 
Bjorneborg  (47);  (L.  arrow  D.)  Ramen  (52) ;  (G.F.  crown)  Udde- 
holm  (64) ;  and  O.S.F.  Blooms  and  bars  for  wire-drawing  are  also 
sent  by  some  of  these  works.  The  specimens  exhibit  a  beautiful 
fine-grained  fracture  peculiar  to  this  description  of  iron,  and  which 
is  very  different  from  the  fracture  of  a  cold  short  iron.  Mr.  Eck- 
man,  the  well-known  metallurgist  and  inventor  of  the  gas  furnace, 
described  by  Dr.  Percy  in  his  recently  published  work  on  metal¬ 
lurgy,  sends  specimens  of  pig-iron  from  this  district  with  “analysis 
attached”  (12).  The  latter  portion  of  his  contribution  is,  however, 
unfortunately  missing,  so  that  it  is  not  possible  to  give  a  copy  of  it 
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here.  An  interesting  specimen  of  iron  ore  (8)  is  exhibited  from  the 
large  Bispberg  mines,  one  of  the  richest  in  Sweden.  Mr.  Ulft 
exhibits  not  only  pig  and  bar  iron  (65) — brand  T.H.W. — made 
from  this  ore,  but  steel  also,  manufactured  by  the  method  of  Ucha- 
tius.  Several  beautiful  specimens  of  cutlery  made  by  this  process 
from  Eskilstuna,  the  Swedish  Sheffield,  are  exhibited  in  a  case  in 
the  middle  of  the  court,  which  also  contains  some  highly-polished 
and  gold  damascened  objects — razors,  &c.  The  iron  known  as 
“  diamond  arrow”  in  Sheffield,  where  it  is  reputed  one  of  the  best 
for  springs,  is  smelted  from  the  Windtjern  ores  (60). 

A  most  interesting  collection  of  specimens  will  be  found  referred 
to  in  the  catalogue  under  Nos.  22,  44,  and  61.  They  consist  of 
bog  and  lake  iron  ores,  and  pig-iron  smelted  from  the  same.  The 
lake  ores,  which  are  found  in  several  of  the  Swedish  lakes  and 
streams,  and  which  have  been  used  from  time  immemorial  for  the 
manufacture  of  iron,  are  of  five  kinds,  known,  from  their  appearance, 
as  1,  Perl-malm  (pearl  ore);  2,  Borr-malm  (so  called  from  its 
resemblance  to  the  rough  heads  of  the  burdock  plant ;  3,  Penning- 
malm  (money  ore) ;  4,  Skragg-malm  (cake  ore) ;  and  5,  Krut-malm 
(gunpowder  ore).  From  the  entertaining  and  instructive  descrip¬ 
tion  of  these  ores  that  has  been  written  specially  for  the  Exhibition 
by  Mr.  C.  W.  Sjogreen,  of  the  Bruzaholm  Iron  Works,  we  learn 
that  they  are  found  in  large  beds  in  the  shallow  parts  of  large  and 
deep  lakes.  Mr.  Sjogreen,  who  has  studied  their  formation,  believes 
them  to  be  of  infusorial  origin,  and  is  convinced  that  the  lake  ores, 
like  certain  shell-fish,  might  be  propagated  in  other  waters  than 
those  of  Sweden,  where  conditions  existed  congenial  to  their  growth. 
He  states  it  to  be  a  well-known  fact  that  the  lake  ore  is  reproduced 
in  places  where,  years  before,  the  supply  had  been  exhausted.  The 
ores  contain  from  25  to  50  per  cent,  of  iron — gunpowder  ore;  the 
most  prized  being  the  richest  and  yielding  the  best  iron.  They  are 
phosphatic,  and  the  iron  smelted  from  them,  although  not  of  the 
best  quality,  is  found  to  be  admirably  adapted  for  certain  foundry 
purposes.  It  is  not  only  used  extensively  in  Sweden,  but  is  also 
exported  to  Prussia.  As  the  collecting  of  the  ores  provides  employ¬ 
ment  during  the  winter  for  the  poor  of  the  province  of  Smaland, 
and  a  novel  feature  in  the  metallurgy  of  iron,  the  following  account 
of  it  may  interest  our  readers : — 

“Towards  the  end  of  autumn,  or  when  the  lakes  have  become  ice¬ 
bound  to  the  depth  of  two  or  three  inches,  the  collector  sets  out  on  his 
search.  For  that  purpose  he  makes  little  holes  in  the  ice  along  the 
slopes  of  the  shallows.  Through  these  holes  he  puts  down  along  pole, 
with  which  he  gently  strikes  the  bottom,  and  partly  by  hearing  partly 
by  the  sense  of  feeling,  ascertains  whether  any  ore  or  not  is  to  be  found 
in  the  place ;  but  long  practice  is  needed  in  order  to  pursue  the 
work  with  success. 

“  The  extent  of  the  layer  being  known,  the  collector  marks  the 
boundaries  of  the  same  by  means  of  little  twigs,  stuck  into  the  ice 
to  prevent  others  from  encroaching  on  his  territory,  now  considered 
as  lawfully  acquired  property.  In  this  manner  the  collector  marks 
out  as  many  places  as  he  intends  to  work  during  the  winter,  and 
proceeds  upon  the  ice  getting  strong  enough  to  collect  the  ore,  this 
being  performed  in  the  following  manner: — At  the  outer  boun¬ 
dary  of  the  marked  1  claim’  a  round  hole  of  about  three  feet  in 
diameter  is  cut  through  the  ice,  and  through  this  hole  a  riddle 
of  perforated  iron  plate  fixed  to  a  long  pole  is  put  down  and  sunk 
to  the  bottom  of  the  lake.  The  next  tool  consists  of  an  iron 
rake  about  two  feet  broad,  also  fixed  to  a  pole.  With  this  rake 
the  collector,  by  means  of  certain  manipulations,  collects  the  ore  in 
a  heap  on  the  bottom,  and  by  means  of  another  rake  about  six 
inches  broad,  he  fills  the  riddle,  which  is  then  got  up,  and  its  con¬ 
tents,  consisting  of  ore,  mud,  clay,  and  sand,  piled  into  a  heap  on  the 
ice.  In  order  that  the  ore  might  be  separated  from  these  impurities, 
the  mass  is  put  into  another  iron  riddle,  and  by  sinking  this  two  or 
three  inches  below  the  surface  of  the  water  and  giving  it  a  rocking 


motion,  the  collector  sifts  as  it  were  the  dirt  from  the  ore,  and  piles 
the  latter  on  the  ice,  whence  it  is  brought  to  the  nearest  blast  fur¬ 
nace.  Two  labourers  are  generally  associated,  the  one  being  busy 
collecting  and  the  other  washing  the  ore.  If  the  ore  is  tolerably 
plentiful  a  man  generally  gathers  from  half  a  ton  to  a  ton  in  a  day, 
all  depending  of  course  as  well  upon  his  skill  as  upon  the  quality  of 
the  ore  and  the  materials  composing  the  bottom  ;  for  if  the  latter 
consists  of  mud  the  gathering  is  much  more  easily  performed  than 
if  the  ore  is  resting  on  clay,  stones,  or  sand.  The  ore  happens 
sometimes  to  be  covered  with  a  thin  layer  of  mud,  in  which  case 
great  skill  and  ingenuity  is  required,  not  only  to  discover  it,  but 
also  to  uncover  the  same  so  as  to  make  it  possible  to  be  got  up.” 

The  iron  made  from  the  Taberg  ore  (29)  exhibits,  perhaps,  the 
severest  test  to  which  any  sample  in  the  Exhibition  has  been  sub¬ 
mitted.  Two  of  the  bars  shown  have  been  twisted  and  untwisted 
more  than  twenty  times  before  the  iron  could  be  made  to  open.  It 
will  be  seen  that  it  presents  a  fine  white  fibre.  The  Taberg  ore 
contains  a  large  amount  of  titanium,  and  the  celebrated  Swedish 
metallurgist,  Sefstrom,  detected  vanadium  in  the  pig-iron  made  from 
it.  It  is,  perhaps,  known  to  most  persons  that  the  Swedish  iron¬ 
masters  were  the  first  out  of  England  to  put  in  practice  the  great 
discovery  of  Bessemer.  Mr.  Goransson  has  the  honour  of  being 
the  pioneer  of  this  great  innovation  on  old  principles,  and  it  is  to 
his  persevering  efforts,  not  unattended  with  great  pecuniary  sacrifice, 
that  the  process  has  not  only  been  adopted,  but  approved.  Speci¬ 
mens  of  steel  made  upon  the  Bessemer  principle  have  been  for¬ 
warded  from  four  iron  works — the  Kloster  in  Dalecarlia,  where  the 
iron  ore  used  is  from  the  Rallingsberg  Mines  (31)  ;  Siljansforss  in 
Dalecarlia,  from  the  Sorskog  ore  (56) ;  Carlsdal  in  Nericia  (73) ; 
and  from  Mr.  Goransson’s,  at  Ilogbo  in  Gefle  (75).  The  specimens 
consist  of  rolled,  hammered,  sheet,  and  bar  steel ;  and  judging  from 
the  fracture  and  beautiful  surface  of  the  bars,  as  well  as  from  the 
severe  tests  to  which  they  have  been  submitted,  it  is  evident  that 
the  process  has  been  brought  to  great  perfection.  In  further 
proof  of  this,  we  find  razors,  files,  and  cutlery  exhibited  from  the  town 
already  named,  Eskilstuna,  most  of  which  are  now  made  of  Bessemer 
steel.  We  would  direct  attention  to  the  cast  and  rolled  tyres  made 
by  the  same  process,  exhibited  in  the  Swedish  court,  as  well  as  to 
those  in  Mr.  Bessemer’s  stand  in  the  Sheffield  Court. 

It  may  be  satisfactory  to  those  interested  in  the  newly-formed 
company  for  carrying  on  the  Bessemer  process  in  Sweden,  to 
have  their  attention  directed,  not  only  to  the  collections  just 
named  from  Hbgbo,  but  also  to  the  ores  and  iron  from  the  company’s 
w.orks  at  Garpeuberg  (17),  Ilorndal  (26),  and  Nykoping  (42).  In 
concluding  our  notice  of  Swedish  iron  and  steel,  we  will  content  our¬ 
selves  with  simply  stating  that  the  cold  bent  railway  axles,  rails, 
nails,  chain  cables  of  charcoal  iron,  and  the  instructive  series  of  ores, 
pig-iron,  and  cinders  from  Mr.  Ekman’s  gun  foundry  at  Finspong, 
famed  throughout  the  world  for  the  cast-iron  ordnance  made  there, 
will  be  found  well  worthy  of  the  attention  of  those  interested  in  such 
matters.  We  must  not,  however,  quit  the  subject  without  requesting 
special  inspection  of  the  bent  iron  ship’s  plate  placed  in  the  court,  as 
peculiarly  illustrative  of  the  strength  and  toughness  of  Swedish  iron.* 

AUSTRIA. — There  are  several  collections  relating  to  iron  and  steel 
in  the  Austrian  department,  but  those  sent  from  Styria  are  more 

*  That  such  an  object  interests  a  larger  circle  than  is  included  in  select  com¬ 
mittees  on  iron  and  Armstrong  guns,  will  he  evident  from  the  following  incident : 
— One  day  when  M.  Grill  was  engaged  in  the  Swedish  court,  a  lady  inquired 
of  him  why  the  plate  was  exhibited  ;  and  upon  his  informing  her  that  it  was 
from  the  stem  of  the  steamer  Blekinje,  one  hundred  and  twenty  horse  power, 
which  on  a  dark  and  foggy  night  struck,  while  going  at  full  speed,  upon  a  sunken 
rock,  when  the  plate,  instead  of  bursting  as  most  plates  would  have  done,  bent 
to  the  shock,  and  was  thus  the  means,  under  Providence,  of  enabling  the  cap¬ 
tain  to  continue  his  voyage,  and  land  his  passengers  in  safety — she  replied,  “  I 
thought  that  was  what  it  was  meant  to  show.  I  am  a  sailor’s  wife,  and  only 
wish  my  husband  sailed  in  such  a  ship.” 
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particularly  instructive,  as  they  are  illustrated  by  geological  maps 
of  the  district,  and  coloured  drawings  of  the  kilns,  blast  and  other 
furnaces,  employed  at  the  works.  We  shall  confine  our  remarks  to 
some  of  the  most  interesting  points  connected  with  the  manufacture 
of  this  district.  The  ore  worked  here  is  the  sparry  carbonate,  which 
occurs  in  almost  inexhaustible  quantity  in  the  grauwacke  formation. 
It  is  smelted  with  charcoal  and  hot  blast.  The  blast  furnaces  at 
one  of  the  most  recent  works  are  about  forty  feet  high,  in  shape 
resembling  two  cones  placed  base  to  base,  four  and  a  half  feet  wide  at 
the  hearth,  seven  feet  in  the  largest  diameter,  and  three  feet  at  the 
largest  diameter  at  the  mouth.  The  gases  are  conveyed  away  by  a 
tube  from  a  depth  of  about  eight  feet  from  the  mouth,  and  are  em¬ 
ployed  for  calcining  the  ores  and  heating  the  stoves  and  boilers. 
The  calcining  kilns  are  in  one  work,  arranged  on  a  platform  at  the 
top  of  the  furnace,  and  the  roasted  ore  is  charged  into  the  blast 
furnace  as  hot  as  possible.  The  fire  bricks  employed  for  lining  the 
blast  furnace  are  made  with  a  large  proportion  of  serpentine,  as  the 
slags  being  of  a  basic  character  are  found  to  attack  the  bricks  if  too 
silicious. 

Six  varieties  of  pig-iron  are  made  :  they  are  known  as  “  gross- 
luckiges  floss,”  so  called  from  the  slabs  being  filled  throughout  the 
mass  with  large  cavities;  “  kleinliickiges  floss,”  slabs  with  small 
cavities ;  “  strahliges  floss,”  in  fracture  not  unlike  our  refined  metal ; 
“graueisen,”  or  grey  iron;  and  “ spiegeleisen,”  an  accidental  pro¬ 
duct.  Limestone  and  decomposed  grauwacke  slate  are  added  as 
fluxes.  The  production  of  each  of  the  above  is  dependent  upon  the 
burthen  of  the  furnace.  “  Kleinliickiges  floss  ”  contains  the  least 
carbon,  and  the  cinder  that  is  made  with  it  is  of  a  vitreous  character, 
and  deep  green  colour.  The  greatest  consumption  of  fuel  occurs  in 
smelting  “  spiegeleisen,  and  the  slags  in  this  case  are  almost  colour¬ 
less.  The  manufacture  of  wrought-iron  is  effected  by  the  puddling 
process,  A  tertiary  coal,  of  which  there  is  a  limited  deposit  at 
Leoben  and  Gratz,  is  the  fuel  employed — about  one  hundred  and 
thirty  pounds  are  required  to  manufacture  one  hundred  pounds  of  iron. 
Two  kinds  of  bar-iron  are  produced — “  feinkorniges,”  a  fine  grained 
and  ordinary  puddled  bar.  In  making  the  fine-grained  bar-iron,  the 
puddling  has  to  be  conducted  with  great  care,  and  the  operation 
lasts  a  shorter  time  than  in  making  ordinary  puddle  bar.  The  pro¬ 
duce,  when  compared  with  English  bar-iron,  appears  to  be  interme¬ 
diate  between  iron  and  steel,  and  it  is  now  being  employed,  amongst 
other  uses,  with  great  success  for  the  upper  part  of  rails.  The 
production  of  iron  in  Austria  has  of  late  years  largely  increased ;  it 
now  amounts  to  6,300,000  cwts. 

A  large  assortment  of  scythes  are  exhibited.  These  are  made  of 
puddled  steel,  and  shaped  entirely  under  the  tilt  hammer.  They 
are  tempered  in  melted  tallow,  as  it  is  found  that  the  fine  blue  colour 
cannot  be  imparted  to  the  steel  when  water  is  used.  Between 
three  and  four  millions  are  manufactured  annually,  and  of  these 
three-fourths  go  to  Russia  and  the  interior  of  Asia,  and  some  to 
America.  Owing  to  their  having  to  be  sharpened  by  a  process 
known  as  “  dengeln,”  which  consists  in  hammering  up  their  edge  on 
a  small  anvil,  an  art  that  requires  much  practice,  it  is  only  the 
German  settlers  in  the  latter  country  that  use  them.  The  col¬ 
lection  is  curious,  as  showing  the  variety  of  forms  in  use  in  the 
different  states  of  Germany,  Poland,  and  other  countries.  There 
is  a  large  assortment  of  cutlery  from  the  district  of  Stadt  Steier  in 
Upper  Austria.  The  Scharsach  steel,  the  finest  quality  of  which  is 
only  made  at  the  Imperial  Works,  is  interesting  as  representing  an 
industry  that  dates  back  to  the  time  of  the  Romans.  This  steel  is 
made  with  charcoal  in  the  hearth  furnace,  and  has  always  been  an 
article  of  export  to  France  and  Germany,  where  it  is  probably 
employed  for  watch  springs  and  other  fine  uses. 

A  case  of  the  celebrated  Paal  steel  is  exhibited. 

ZOLLVEREIN. — The  greatest  praise  is  due  to  the  Zollverein  for 
the  evident  care  that  has  been  taken  to  give  a  faithful  and  complete 


representation  of  the  mineral  resources  and  metallic  industries  of 
the  different  states  which  it  comprises.  The  collections,  notwith¬ 
standing  the  systematic  plan  in  which  they  are  arranged,  would  have 
failed  fully  to  accomplish  the  object  in  view  unless  accompanied  by 
the  descriptive  catalogue  compiled  by  the  celebrated  geologist,  Herr 
von  Dechen,  and  Dr.  Hermann  Wedding,  the  able  superintendent  of 
the  department.  The  catalogue  is  particularly  instructive  in  refer¬ 
ence  to  iron  and  steel,  of  which  we  have  now  to  say  a  few  words. 
The  classification  of  the  ores  is  a  geological  one.  It  comprises 
several  varieties,  the  most  important  of  which  are  the  celebrated 
sparry  ore  of  the  Siegen  district;  brown  iron  ores,  very  generally 
distributed ;  bog  iron  ores,  which  occur  in  large  quantities  in  several 
districts  near  the  Rhine,  in  the  vicinity  of  Cleves,  Rees,  Duisburg, 
&c.,  and  along  the  entire  course  of  the  Lower  Elbe  from  Saxony 
onwards,  in  the  valley  of  the  Oder,  and  some  of  its  tributaries  ;  the 
clay  ironstones  of  the  coal  measures,  black  bands,  and  the  red  oxide. 
In  many  instances  the  mines  are  at  a  great  distance  from  the 
smelting  works,  which  are  situated  in  the  coal  fields.  This,  as  is 
well  known,  has  always  prevented  a  rapid  development  of  the  iron 
industry  in  Germany;  now,  however,  that  the  system  of  railway 
communication  is  extending,  the  drawbacks  to  cheap  production  are 
daily  diminishing.  The  principal  seats  of  the  manufacture  of  iron  are 
in  Westphalia,  Rhenish  Prussia,  and  Prussian  Silesia.  The  catalogue 
not  only  supplies  information  as  to  the  ores  and  fuel  employed  by  the 
several  works  whose  products  are  exhibited,  but  also  as  to  the  nature 
of  the  “  charge  ”  by  which  each  description  of  pig-iron  has  been 
produced.  To  this,  therefore,  we  would  refer  those  who  may  desire 
special  knowledge  on  the  subject.  Specimens  of  “spiegeleisen,”  now 
an  export  to  this  country,  and  which  has  so  long  served  for  the 
manufacture  of  natural  steel  in  Germany,  are  sent  from  several 
works,  and  the  “Lenne  and  Ruhr,”  and  other  companies  contribute 
specimens  of  raw  and  puddled  steel  manufactured  from  it.  The 
beautiful  castings  (2053)  made  at  Count  Stolberg-Wernigerode’s 
foundry  at  Ilsenburg  in  the  Ilartz  mountains,  although  they  do  not 
include  every  variety  of  work  for  which  this  establishment  is 
renowned,  will  still  be  found  to  be  the  finest  of  the  kind  in  the 
Exhibition.  Some  of  the  cast-iron  work  from  the  Royal  Berlin 
Iron  Foundry  (2023)  fully  sustains  the  reputation  of  that  establish¬ 
ment. 

FRANCE  AND  OTHER  COUNTRIES.— With  the  exception  of  the 
beautiful  works  in  cast-iron,  more  especially  those  of  animals  by 
Durenne  of  Paris  and  others,  special  mention  of  which  will  no 
doubt  be  made  in  the  article  on  “  metal  work,”  in  a  future  number, 
there  is  nothing  particularly  noteworthy  in  the  collection  relating 
to  iron  sent  by  France.  M.  Chenot  contributes  a  series  illustrating 
his  process  for  the  manufacture  of  steel.  M.  Jackson  &  Son 
contribute  specimens  of  steel  made  by  Bessemer’s  process  (4). 
From  Belgium  there  are  some  very  fine  sheets  of  rolled  iron. 
Blocks  of  the  red  pisolitic  ore,  now  much  smelted  at  some  of  the 
works,  are  sent  by  two  iron  companies  (19,  21).  This  ore  contains 
a  large  amount  of  phosphoric  acid,  0'8  per  cent,  according  to 
Mr.  Abel,  who  examined  a  specimen  of  it.  Samples  of  the  other 
ores  in  use  will  be  found  in  the  general  collection  of  Belgium 
minerals,  already  referred  to  in  Mr.  Warrington  Smyth’s  report. 
Of  Russian  iron,  the  most  interesting  contributions  are  the  beau¬ 
tiful  sheet  (31)  with  the  peculiar  “  blue  ’’-coloured  surface,  for  the 
production  of  which  this  country  has  so  long  been  celebrated  ;  and 
the  bar-iron  from  Prince  DemidofTs  and  other  well-known  works. 
We  would  call  attention  to  a  blast  furnace  of  novel  construction 
exhibited  in  the  gallery  (23). 

Italy  contributes  some  very  interesting  specimens  of  iron  ores, 
iron,  and  steel.  Of  these,  we  would  direct  particular  attention  to 
the  collection  sent  by  Professor  Curioni  of  Milan,  consisting  of  the 
iron  ores  of  Lombardy  (29),  by  Damiolo  and  Glisenti  of  Brescia 
(30)  and  (49),  Gregorinis,  illustrations  of  the  manufacture  of  steel 
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by  the  Bergamese  process,  and  to  those  from  the  Royal  Tuscan 
iron  mines  and  foundries,  Leghorn  (112). 

UNITED  STATES. —  Specimens  of  the  lamellar  pig-iron,  which 
has  for  some  time  been  smelted  at  Newark  in  New  Jersey  from  the 
residue  of  the  zinc  ores  (red  oxide),  and  Franklinite,  are  exhibited  in 
the  mineral  collection  sent  from  the  United  States.  This  iron  is 
now  being  used  at  Sheffield  in  connection  with  the  Bessemer 
process. 

ALUMINIUM. — Few  discoveries  have  excited  greater  anticipa¬ 
tions  as  to  the  results  likely  to  accrue  from  them  than  that  of  M. 
Deville,  that  aluminium,  the  existence  of  which  as  a  metal  was 
up  to  a  recent  period  known  only  to  chemists,  possessed  properties 
different  to  those  assigned  to  it  by  its  original  discoverers,  and 
that  it  is  pre-eminently  adapted  for  many  useful  applications  in 
the  arts,  and  can  be  produced  on  a  scale  sufficient  to  admit  of  its 
employment.  That  these  hopes  have  been  as  yet  fully  realized 
can  scarcely  be  asserted,  nevertheless  the  Exhibition  presents  us 
with  some  remarkable  and  many  very  striking  illustrations  of  the 
uses  to  which  this  metal  may  be  advantageously  applied.  In 
comparing  its  colour  with  that  of  silver,  as  a  substitute  for  which 
it  was  once  suggested,  a  marked  contrast  will  be  observed,  and 
the  conclusion  is  evident  that  it  cannot  be  regarded  as  a  rival  to 
that  metal,  but  must  rest  its  claims  upon  its  own  peculiar  merits. 
Two  processes  are  in  use  for  the  preparation  of  this  metal ;  one  in 
which  the  double  chloride  of  aluminium  and  sodium,  an  artificial 
salt,  is  fused  with  sodium ;  the  other  where  cryolite,  a  mineral 
occurring  in  large  quantities  in  Greenland  (see  a  collection  of 
minerals  from  Denmark),  is  fused  with  the  same  metal.  From  the 
necessity  of  employing  sodium  in  both  processes,  for  the  purpose  of 
separating  the  aluminium,  it  will  be  seen  that  the  cost  of  production 
of  the  latter  metal  is  greatly  dependent  on  that  of  the  former.  It 
was  necessary,  therefore,  that  manufacturing  chemists  should  give 
their  attention  to  the  cheap  production  of  sodium.  This  has  been 
done,  and  the  once  expensive  and  rare  metal  is  now  produced  on  a 
large  scale  and  at  a  comparatively  low  figure.  In  the  beautifully- 
arranged  collection  of  Messrs.  Bell  Brothers,  placed  at  the  entrance 
of  the  Eastern  Annexe,  there  are  many  well-conceived  illustrations 
demonstrating  the  properties  of  aluminium,  its  lightness,  ductility, 
malleability,  colour,  fusibility,  and  the  facility  with  which  it  maybe 
cast.  Other  collections  may  be  seen  in  the  French  department,  and 
in  Class  31  of  the  English.  The  solder  employed  for  aluminium 
consists  of  variable  proportions  of  zinc,  copper,  and  aluminium. 
The  most  important  alloy  of  aluminium  is  that  which  it  forms  with 
copper,  known  as  aluminium  bronze.  It  is  composed  of  90  of  copper 
and  10  of  aluminium.  This  compound,  which  is  of  a  pale  gold 
colour,  is  stated  to  possess  all  the  qualities  to  render  it  a  valuable 
material  for  bearings  of  machinery.  Messrs.  Morin  &  Company 
(49,  Class  1,  France)  exhibit  a  fine  collection  of  spoons  and  other 
articles  made  of  this  bronze,  amongst  which  may  be  mentioned  a 
helmet  similar  to  those  worn  by  the  Cent  Gardes. 

ZINC.  —  The  Exhibition  does  not  present  us  with  any  novel 
applications  of  zinc,  but  we  have  several  examples  in  the  French 
and  Prussian  departments  of  its  adaptability  for  castings  of  works  of 
art— a  purpose  to  which  we  have  been  slow  to  apply  it  in  England. 
It  is,  however,  a  very  important  one,  as  it  enables  those  whose 
means  will  not  permit  of  their  acquiring  works  of  art  in  bronze,  to 
possess  them  when  cast  in  zinc.  A  large  amount  of  zinc  is,  as  is  well 
known,  consumed  for  the  manufacture  of  the  oxide  so  extensively 
used  in  France  as  a  paint  in  place  of  white  lead,  the  employment 
of  which  is  discouraged  by  the  government..  Oxide  of  zinc  has  not 
met  with  much  favour  in  England,  chiefly  from  its  covering  proper¬ 
ties  or  body  being  inferior  to  that  of  white  lead.  It  possesses, 
however,  two  advantages  over  white  lead,  inasmuch  as  it  does  not 
affect  the  health  of  the  painter,  nor  is  its  whiteness  impaired  by 
sulphurous  exhalations. 


The  ores  of  zinc,  from  which  the  metal  is  extracted,  are  the 
sulphide  known  as  blende  and  black  jack]  the  carbonate  or  cala¬ 
mine,  and  the  red  oxide  used  exclusively  in  the  United  States,  where 
it  occurs  in  large  quantities  in  the  State  of  New  Jersey  ;  and  the 
silicate  or  electric  calamine,  which  is  only  rarely  employed. 

The  principal  sources  in  Britain  from  whence  the  first  of  these 
ores  is  obtained  are  Cornwall,  Devon,  Derbyshire,  Alston  Moor, 
Laxey  in  the  Isle  of  Man,  Flintshire,  &c. 

Three  methods  are  employed  for  extracting  the  metal  from  blende; 
they  are  known  as  the  English,  Belgian,  and  Silesian  (the  two  latter 
processes  are  also  adopted  for  calamine).  Blende,  by  whatever 
method  it  may  be  treated,  has  first  to  be  reduced  to  powder,  and 
then  w'ashed  carefully  to  free  it  from  sulphur. 

In  the  English  method,  large  pots  made  of  fire-clay,  capable  of 
holding  one  ton  of  the  calcined  ore  and  the  requisite  amount  of 
coke  to  effect  its  reduction,  are  employed.  They  have  an  opening 
at  the  base  for  the  escape  of  the  metal  (the  distillation  being  per 
descensum ) ;  to  this  opening  a  long  tube,  which  leads  into  the  cave 
of  the  furnace,  is  attached,  and  down  this  the  distilled  zinc  falls  into 
a  tray  placed  for  its  reception. 

The  pots,  to  the  number  of  six,  are  arranged  in  a  furnace.  After 
being  charged  with  alternate  layers  of  calcined  ore  and  coke,  the 
mouths  are  then  closed  with  a  cover,  which  is  luted  down.  The 
firing  lasts  nearly  three  days,  and  about  eight  cwts.  of  zinc  is 
obtained  from  each  pot. 

In  the  Silesian  process,  in  use  at  Messrs.  Dillwynn’s  works  at 
Swansea,  a  retort  of  fire-clay  is  employed.  This  is  placed  horizon¬ 
tally  in  the  furnace.  The  distillation  is  per  ascensum — the  exit  of 
the  zinc  vapour  being  from  the  upper  and  front  part  of  the  retort 
from  whence  it  is  conducted  down  a  clay  nozzle  or  condenser.  The 
retorts  are  about  four  feet  long  and  two  feet  wide  ;  several  of  them 
are  arranged  in  one  furnace,  the  firing  of  which  requires  much 
attention.  The  blendes  employed  at  the  above  works  are  argenti¬ 
ferous,  and  have  the  silver  extracted  before  being  smelted.  The 
Belgian  process  is  in  operation  at  Mr.  Vivian’s  works  at  Swansea. 
The  retort  employed  is  tubular,  closed  at  one  end,  and  open  at  the 
other.  The  tubes  are  three  feet  six  inches  long,  and  eight  in  dia¬ 
meter  :  they  are  arranged  in  the  furnace  in  horizontal  rows,  and 
placed  on  the  incline,  the  mouth  of  the  retort  being  somewhat  lower 
than  the  opposite  end.  A  clay  nozzle,  of  an  elongated  oval  shape, 
is  affixed  to  the  mouth  of  each  tube  outside  the  front  of  the  furnace. 
These  nozzles  act  as  condensers  and  receivers  for  the  zinc.  Zinc, 
as  distilled  from  the  ores,  contains  many  impurities,  and  more 
especially  lead,  from  which  it  may  be  separated  to  a  large  extent 
by  remelting.  This  is  efl'ected  either  in  an  open  iron  pot  capable 
of  holding  half  a  ton  of  metal,  or  what  is  better  (zinc  having  a 
powerful  affinity  for  iron)  in  one  of  fire-clay,  the  molten  mass,  after 
being  freed  by  skimming  the  surface,  from  the  “  sweep  ”  or  oxide 
of  zinc  that  collects,  is  allowed  to  cool  down  nearly  to  its  con¬ 
gealing  point,  when  it  is  carefully  ladled  out,  with  the  exception 
of  a  small  portion,  in  which  the  greater  part  of  the  lead  will  be 
concentrated. 

Besides  the  above  processes,  others  have  been  invented  for 
effecting  the  reduction  of  the  ore  and  the  distillation  of  the  zinc  in 
a  blast-furnace.  Dr.  A.  P.  Price  mixes  the  finely-divided  calcined 
ore  with  coal-tar  or  pitch  and  carbonaceous  matter,  and  forms  the 
mixture  into  blocks.  These  are  submitted  to  the  action  of  a  blast 
furnace,  in  connection  with  which  there  are  suitable  arrangements 
for  condensing  and  collecting  the  vaporized  zinc.  The  blast 
furnace  is  now  being  used  in  Belgium,  and  specimens  of  zinc, 
stated  to  be  obtained  by  this  method,  are  shown  in  the  Belgian 
court.  A  process  different  from  any  of  those  described  is  employed 
in  Carinthia.  Specimens  of  ores  and  spelter,  illustrative  of  the 
above  processes,  will  be  seen  in  Class  1  of  the  British  department, 
in  the  cases  of  Messrs.  Courage  &  Company  (69),  who  exhibit  a  very 
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instructive  collection ;  also  in  the  series  of  specimens  sent  by  the 
Swansea  Local  Committee  (346) ;  and  by  Williamson  (404). 

The  greatest  zinc-producing  country  on  the  continent  is  Belgium, 
where  large  quantities  of  the  carbonate  or  calamine  ore  are  mined 
and  smelted  at  the  celebrated  Vielle  Montagne,  and  other  works, 
near  Liege.  Large  quantities  of  zinc  ore  are  now  imported  into 
Belgium. 

Some  fine  specimens  of  blende  ore  are  exhibited  in  the  Swedish 
court  from  the  mines  of  Ammerberg  in  Nericia,  the  property  of 
the  Vielle  Montagne  Company.  Prussian  Silesia  sends  several  fine 
specimens,  to  be  seen  in  the  Zollverein  collection.  Extensive 
smelting  operations  are  carried  on  in  the  Asturias,  and  in  the 
Spanish  collection  specimens  are  shown  of  the  calamine  and  blende 
of  that  province. 

Commercial  spelter  always  contains  traces  of  other  metals  which 
affect  its  quality.  The  purer  kinds  are  used  for  rolling  into  sheets, 
others  for  brass-making,  &c. 

LEAD. — The  ready  reduction  of  lead  from  its  ores,  furnished  in 
very  early  ages  this  eminently  useful  metal  for  the  various  purposes 
to  which  man  has  adapted  its  peculiar  properties.  The  principal 
ore  is  galena,  or  sulphide  of  lead,  containing  86'70  of  the  metal.  A 
variety  of  minerals  which  contain  sulphur,  antimony,  and  copper, 
also  furnish  a  considerable  amount  of  lead,  although  from  such  ores 
the  metal  produced  is  often  hard  and  unfitted  for  the  purposes  of 
the  arts,  and  has  to  be  submitted  to  various  refining  processes.  The 
oxidized  minerals  are  chiefly  the  carbonate  and  sulphate,  which  are 
often  found  in  fine  translucent  crystals.  The  arseuio-phosphates 
and  molybdo-pliosphates,  remarkable  for  their  yellowish-green  and 
red  barrel-shaped  crystals,  pure  samples  of  which  occur  in  Pennsyl¬ 
vania,  form  also  a  considerable  proportion  of  the  ores  of  lead.  In 
England,  we  are  fortunate  in  possessing  the  deposits  of  galena  un¬ 
usually  pure  when  compared  with  those  of  other  countries;  and  so 
much  is  this  the  case,  that  it  influences  in  a  striking  manner  the 
modes  of  smelting — the  much  more  complicated  nature  of  the 
foreign  minerals  requiring  more  elaborate  modes  of  treatment ;  and 
it  is  not  unfrequent  to  find  that  the  ore  of  lead  which  forms  the 
basis  of  the  smelting  operations  involves  also  the  preparation  of  the 
metals  found  in  its  company,  as  zinc,  copper,  silver,  and  gold,  as 
at  Mansfeld  in  Saxony,  and  the  Hartz  district. 

The  smelting  of  galena  is  usually  accomplished  in  the  reverbera¬ 
tory  furnace,  the  ore  being  readily  dressed  to  afford  a  charge  con¬ 
taining  from  60  to  70  per  cent.;  only  the  “slimes,”  i.e.,  the 
tailings  from  ore  washing,  and  very  poor  ores,  require  treatment  in 
the  blast  furnace.  The  methods  of  smelting  in  the  former  furnace 
may  be  divided  into  two.  In  the  one,  after  roasting  the  ore  to 
eliminate  a  certain  portion  of  sulphur,  the  heat  is  raised,  and  by  the 
reaction  of  oxide  and  sulphate  of  lead  upon  the  sulphide  still  in  the 
charge,  a  flow  of  lead  is  obtained ;  the  sulphur  combining  with  the 
oxygen  goes  off  as  sulphurous  acid.  In  the  second  method,  the 
“  Niederschlag  arbeit,”  or  “  precipitation  process,”  scrap  iron  is  em¬ 
ployed,  which,  heated  with  sulphide  of  lead,  combines  with  the 
sulphur  and  liberates  the  lead. 

The  first-named  method  is  carried  on  in  Newcastle,  at  Bagilt, 
Flintshire,  and  at  various  places  in  Derbyshire,  Shropshire,  and 
Cumberland.  The  bed  of  the  reverberatory  furnace  inclines  either 
in  the  middle,  or  towards  the  end  on  one  side,  so  as  to  form  a  sort  of 
sump  or  depression  for  the  lead  to  collect  in  before  tapping.  The 
usual  charge  is  about  1  to  l£  tons  of  ore,  dressed  to  the  size  of 
hazel  nuts.  The  smelting  operation  lasts  about  eight  hours,  and 
may  be  divided  into  two  periods  .  1st,  Calcination  with  free  access 
of  air ;  2d,  Smelting  proper,  with  closed  fire-doors  and  air-holes. 
The  slag  which  runs  down  into  the  sump  with  the  lead,  is  dried  up 
with  lime,  and,  according  to  the  nature  of  the  ore,  run  slag,  drawn 
slag,  or  both,  are  obtained.  The  run  slag,  or  grey  slag,  may  con¬ 
tain  from  fifteen  to  twenty  per  cent,  of  lead,  but  with  what  is 


called  kind -running  ore,  may  be  reduced  to  two  or  three  per 
cent.  The  drawn  slags  also  vary  very  much  with  the  nature  of 
the  ores  and  fluxes  employed.  Sulphate  of  baryta  very  commonly 
accompanies  lead  ores,  and  necessitates  the  employment  of  fluor 
spar  as  a  flux.  The  grey  slags  are  smelted  with  poor  ores  and 
slimes  by  means  of  a  blast.  In  Derbyshire  the  Castilian  blast  fur¬ 
nace  is  used,  through  which  about  100  to  150  tons  of  material  are 
passed  in  a  week  or  twenty  shifts,  producing  a  hard  common 
lead,  and  a  black  slag  which  is  run  into  water  and  granulated  in 
order  to  facilitate  its  removal.  The  black  slag  contains  less  than 
one  per  cent,  when  the  furnace  is  properly  worked.  The  fuel 
employed  is  hard  coke.  These  furnaces  have  now  entirely  super¬ 
seded  the  old  slag  hearth  formerly  employed  in  this  district,  and  on 
which  the  drawn  slags  ouly  were  smelted.  The  soft  lead  is  “  kettled,” 
that  is,  re-melted  in  a  reverberatory  furnace,  and  allowed  to  run 
at  once  through  the  tap  hole.  Rich  slags  with  impurities  con¬ 
tained  in  the  lead,  are  left  on  the  furnace-bed,  and  the  lead,  after 
boiling  with  a  log  of  green  wood,  is  fit  for  rolling  and  making  into 
sheets.  At  the  Alport  smelting  works,  the  lead,  when  tapped  from 
the  blast  furnace,  is  at  once  ladled  into  an  adjacent  pot  furnished 
with  a  fire-grate,  and  treated  with  nitrate  of  soda  according  to 
Baker’s  patent,  which  removes  at  once  all  impurities  that  impart 
hardness  to  the  metal.  At  the  large  smelting  establishments  in 
the  north  of  England,  where  antimonial  Spanish  lead  is  worked, 
the  “improving”  furnace  is  adopted  for  softening  the  hard  lead. 
This  furnace  consists  of  a  rectangular  cast-iron  pan,  containing  from 
five  to  ten  tons  of  metal,  which  is  set  in  the  bed  of  a  reverberatory 
furnace.  The  lead  is  submitted  to  the  oxidizing  action  of  the  heated 
air-currents  for  a  length  of  time  varying  with  its  hardness,  or  what 
is  nearly  the  same,  the  amount  of  antimony  it  contains.  The 
addition  of  lime  and  soda  ash  is  sometimes  made  to  assist  in  the 
formation  of  the  crust  of  oxidized  matters,  which  is  raked  off  from 
time  to  time.  These  rich  slags  are  re-smelted,  and  give  an  anti¬ 
monial  lead  sufficiently  rich  in  antimony  for  the  purposes  of  the 
type-founder. 

In  nearly  all  the  large  smelting  establishments  the  lead  before 
being  delivered  to  commerce  is  desilverized,  whereby  it  is  also 
much  improved  in  softness.  This  operation  is  carried  out  by 
Pattinson’s  crystallization  process.  From  five  to  ten  tons  of 
lead  are  melted  in  hemispherical  iron  pots,  and  the  fire  being 
removed,  two  men  constantly  stir  the  metal  whilst  cooling.  Cold 
water  is  thrown  cautiously  on  the  surface,  to  assist  the  process.  At  a 
certain  temperature  crystals  of  lead  are  formed,  whilst  the  silver 
remains  in  the  fluid  lead.  The  crystals  are  removed  by  means  of  a 
perforated  ladle  into  an  adjoining  pot.  When  about  two-thirds  of 
the  quantity  have  been  taken  out,  the  remainder  is  ladled  into  a  pot 
on  the  side  opposite.  The  operation  is  then  repeated,  until,  with  a 
sufficient  row  of  pots,  desilverized  lead  is  obtained  at  one  end,  and 
argentiferous  lead  at  the  other.  This  admirable  process  may  be 
economically  employed  when  lead  contains  only  three  ounces  silver 
per  ton.  The  argentiferous  lead  in  which  the  silver  is  concentrated  to 
the  amount  of  300  ounces  per  ton,  is  melted  in  a  test  or  bed  of  wood 
ashes,  on  a  movable  frame  placed  in  a  furnace  of  a  peculiar  con¬ 
struction.  When  melted,  a  blast  of  air  is  directed  upon  the  surface 
of  the  metal  by  means  of  a  steam  jet  fixed  inside  a  conical-shaped 
tube,  by  means  of  which  the  litharge  formed  is  blown  towards  an 
opening  or  channel,  over  which  it  flows  and  cools  in  the  form  of 
rough  flake  litharge.  At  the  moment  when  all  the  lead  is  oxidized 
the  mass  of  silver  on  the  test  assumes  an  extraordinary  brightness 
(eclair);  the  blast  is  turned  off,  and  the  cake  of  silver  when  cold, 
removed.  At  the  moment  of  solidification  numerous  eruptions  take 
place,  due  to  the  escape  of  oxygen  which  has  been  absorbed,  which 
impart  the  rough  appearance  to  the  surface.  A  cake  of  silver  thus 
obtained  is  exhibited  by  T.  Sopwith,  amongst  the  series  illustrating 
the  mining  and  smelting  operations  at  Allendale  at  the  works  of 
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W.  Beaumont,  Esq.  The  cake  exhibited  by  Messrs.  Cox  Brothers 
&  Company,  of  Derby,  has  been  obtained  from  Derbyshire  lead, 
which,  before  Pattinson’s  process  was  used,  was  not  looked  upon 
as  a  source  of  silver,  the  original  lead  not  averaging  more  than 
two  to  two  and  a  half  ounces  per  ton. 

We  have  noticed  that  in  this  operation  of  desilverizing,  the  lead 
is  improved  in  quality.  Mr.  W.  Baker  showed,  in  1856,  that  when 
lead  contained  a  small  quantity  of  copper,  as  four  or  five  ounces  per 
ton,  Pattinson’s  process  might  be  used  to  reduce  it  to  a  mere  trace. 
In  a  paper  recently  published,  Mr.  Baker  shows,  that  when  it  is 
contained  in  a  quantity  somewhere  above  e:ght  or  ten  ounces,  this  is 
no  longer  the  case ;  and,  at  the  same  time,  he  has  pointed  out  the 
necessity  of  obtaining  a  lead  as  free  as  possible  from  this  impurity, 
when  it  is  required  for  making  white  lead  or  glassmakers’  red  lead. 
He  asserts  that  only  two  and  a  quarter  ounces  per  ton  will  impart 
a  delicate  pink  colour,  due  to  suboxide  of  copper,  to  the  white  lead. 
The  results  of  the  processes  he  has  perfected  for  this  end  are 
exhibited  in  the  samples  sent  by  Messrs.  Rawson,  Barker,  and 
Company,  Sheffield,  amongst  which  the  fine  crystalline  surface  and 
fracture  of  the  pigs  of  lead  vouch  for  their  purity;  and  having  been 
produced  from  common  slag  lead,  indicate  an  important  improvement 
in  refining  lead.  The  fracture  of  a  pig  of  lead  is  usually  accom¬ 
plished  by  heating  it  on  the  floor  of  a  red  lead  oven;  at  the  point  of 
melting  it  is  withdrawn  and  can  be  readily  broken,  when  it  exhibits 
a  fracture  varying  with  the  quality  of  the  lead  from  granular  to  fibrous 
or  columnar  like  starch. 

The  principal  smelting  works  on  the  Continent  are  in  the  Ilartz 
districts,  Saxony,  Rhenish  Prussia,  Upper  Silesia,  Bleiberg,  in 
Carinthia ;  Schemnitz,  in  Hungary;  Joachmisthal,  in  Bohemia; 
Poullaouen,  in  Brittany ;  and  Pontgibaud,  in  Auvergne. 

Before  quitting  the  subject,  we  must  notice  the  ingenious  method 
of  producing  thin  sheet  lead  or  foil  exhibited  by  Wimshurst’s  Patent 
Metal  Foil  Company  (410),  Class  1.  A  continuous  sheet  of  sixteen 
hundred  yards  is  produced  by  revolving  a  cylinder  of  lead  against  a 
cutting  edge. 

Lead  pipes,  up  to  four  inches  in  diameter,  are  exhibited  by  Cox 
Brothers  and  Company.  Pipes  lined  with  tin,  and  composition 
pipes — an  alloy  of  lead  and  tin — are  also  in  their  collection.  Messrs. 
A.  Courage  and  Company  have  shown  pipes  lined  with  an  alloy  of 
tin  and  silver,  which  possess  the  merit  of  novelty.  Some  distrust 
has  arisen  as  to  the  efficacy  of  tin  in  protecting  lead  pipes  from  the 
corrosive  action  of  certain  waters,  owing  to  the  impossibility  of 
covering  the  lead  inside  at  the  junctions,  rendering  those  points 
centres  for  galvanic  action,  and  thus  neutralizing  the  good  effect  of 
the  tin  on  all  the  rest  of  the  tube. 

In  the  Belgian  department,  as  a  contrast  to  the  barrels  of  lead  of 
Messrs.  Cox,  we  find  some  exceedingly  small  tubing  with  an 
external  diameter  of  only  three  millimetres,  exhibited  by  Prosper, 
Lamal,  &  Company. 

COPPER. — We  cannot  say  that  this  most  valuable  metal  is  well 
represented  in  its  raw  state  in  the  present  Exhibition.  It  is  diffi¬ 
cult  to  gather  from  scarcely  a  dozen  exhibiters  in  the  British  Class 
1.  any  notion  of  the  extent  of  the  enormous  smelting  operations 
carried  on  at  Swansea,  nor  of  the  mines  for  which  Cornwall  has  so 
long  been  celebrated.  Still  less  do  we  learn  whether  any  important 
changes  or  improvements  have  been  made  in  the  processes  employed 
for  its  preparation  and  reduction  from  its  ores. 

We  should  like  to  have  seen  some  specimens  of  copper  sheathing 
showing  its  destruction  under  certain  unexplained  circumstances, 
and  its  durability  under  others ;  and  we  are  sorry  to  find  that  no 
advantage  has  been  taken  of  the  opportunity  of  drawing  attention 
to  this  important  subject. 

Copper  is  found  native  sometimes  in  very  considerable  masses,  the 
deposits  in  the  Lake  Superior  district  in  North  America  being, 
perhaps,  the  richest  that  have  ever  been  known.  Large  masses  of 


native  copper  are  exhibited  in  the  Russian  court.  The  chief  ores 
are  various  sulphides,  and  the  carbonates,  which  include  the  well- 
known  mineral  malachite.  Specimens  of  the  splendid  ruby-coloured 
mineral,  the  red  oxide,  are  exhibited  by  Mr.  Seccombe  of  Liskeard. 
Of  the  sulphides,  the  most  common  is  represented  by  the  formula 
Cu2  S  +  Fe2  S,  containing  34-81  per  cent,  of  copper.  A  purple 
sulphide  or  peacock  ore  contains  55‘5.  This  is  also  mixed  with 
sulphide  of  iron,  and  is  represented  by  3  Cu2  S  +  Fc2  S3. 

Vitreous  copper  ore,  Cu2  S,  contains  79‘79  per  cent.  Many  varie¬ 
ties  of  ore  under  the  name  of  Fahlerz  are  known,  consisting  of  copper, 
combined  with  variable  quantities  of  antimony,  arsenic,  silver,  lead, 
iron,  zinc,  and  sulphur.  According  to  the  greater  proportion  of  the 
two  first-named  elements,  this  class  of  mineral  may  be  divided  into 
arsenical  and  antimonial  fahlerz. 

A  most  interesting  series  of  copper  ores  will  be  found  in  the 
Canadian  and  South  Australian  collections. 

METHODS  OF  SMELTING. — In  England  copper  smelting  is  invari¬ 
ably  carried  on  in  reverberatory  furnaces,  although  we  have  evidence 
of  the  blast  furnace  having  been  used  in  earlier  times  at  Ecton,  in 
Staffordshire,  and  other  placee.  The  simplest  process  practised 
may  be  divided  into  six  operations.  The  first  is  a  calcination  of 
the  finely-crushed  ore.  From  three  to  three  and  a  half  tons  are 
spread  evenly  over  the  bed  of  a  calcining  furnace,  and  the  heat 
gradually  raised  until  the  greater  part  of  the  sulphur  is  eliminated, 
which  takes  place  in  twelve  to  twenty-four  hours.  The  calcined 
ore  is  then  melted  down  with  some  slags  called  metal  slags,  obtained 
from  a  subsequent  operation.  The  products  are  a  regulus  called 
“  coarse  metal,”  containing  thirty-eight  per  cent,  of  copper,  and  an 
ore  furnace  slag  which  is  chiefly  a  silicate  of  iron  of  a  black  tough 
porcellanous  character,  containing  fragments  of  unfused  quartz, 
which  impart  a  porphyritic  appearance  to  it.  It  is  used  for  coping- 
blocks  to  walls  and  other  building  purposes.  The  coarse  metal 
when  tapped  is  run  into  cold  water  in  order  to  obtain  it  in  a  granu¬ 
lated  form.  The  third  operation  consists  in  the  calcination  of  the 
granulated  coarse  metal,  after  which  it  is  melted  with  matters  rich 
in  oxide  of  copper,  as  roasted  or  refinery  slags,  and  carbonate  and 
oxide  of  copper  ores.  Advantage  is  here  taken  of  tire  reaction 
which  ensues  when  disulphide  of  copper  and  oxide  of  copper 
are  melted  together.  Sulphurous  acid  is  formed,  and  the  copper 
reduced  from  both  combinations,  Cu2  S  +  2CuO  =  4Cu  +  S  02. 
The  metal  produced  is  called  “  white  metal,”  as  it  is  still  very 
different  in  appearance  to  the  pure  metal.  It  contains  about  75  per 
cent,  of  copper.  The  fifth  process  is  that  of  roasting.  The  pigs  of 
“  white  metal”  which  have  been  tapped  into  sand  moulds  are  melted 
down  in  a  furnace  with  free  admission  of  air,  impurities  are  slagged 
off,  and  the  roasted  slags,  rich  in  oxide  of  copper,  produced.  The 
metallic  product  is  called  blister  copper,  and  contains  95  per  cent, 
of  copper.  Lastly,  from  six  to  eight  tons  of  blister  copper  are 
melted,  and  after  about  fifteen  hours,  in  which  time,  by  the  action 
of  the  oxidizing  current  of  air,  impurities  are  drawn  off  the  surface  in 
the  slags,  the  copper  is  brought  to  the  tough  pitch.  This  is  done  by 
reducing  the  suboxide  with  which  the  metal  is  saturated  by  means 
of  a  green  pole  kept  depressed  in  the  melted  metal,  the  surface 
being  covered  with  clean  anthracite  coal.  This  operation  is  called 
“  poling.”  From  dry  metal,  which  is  brittle  and  coarse-grained  in 
its  fracture,  the  metal  gradually  passes  into  a  tough  state  having  a 
silky  fibrous  fracture ;  it  is  then  ladled  into  moulds  or  cakes,  or 
granulated  for  shot  or  feathered  copper.  If  required  for  rolling, 
a  certain  amount  of  lead  is  added,  which  imparts  the  requisite 
softness. 

The  process  above  described  is  well  illustrated  in  the  collection 
exhibited  by  the  Swansea  Coal  Committee  (346). 

The  production  of  the  metal  from  copper  waters  issuing  from 
mines  or  waste  cupriferous  materials,  is  carried  on  in  Anglesea, 
where  the  waters  contain'ng  sulphate  of  copper  are  led  into  a  tank, 
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and  the  copper  precipitated  by  scrap  iron.  The  metal  when  melted 
has  been  much  prized  for  its  malleability,  and  is  called  by  the 
Germans  “  cement  copper.” 

PRUSSIAN  SAXONY.  —  The  district  of  Mansfeld  affords  most 
interesting  examples  of  metallurgical  operations,  at  the  head  of 
which  stands  the  production  of  copper  from  the  Kupferschiefer,  in 
the  Permian  series.  The  copper  schist  occurs  in  a  thin  band  of 
from  ten  to  twenty  inches  in  thickness,  containing  about  three  to 
eight  inches  of  the  copper  ore,  and  is  accompanied  by  iron  pyrites, 
blende,  kupfernickel,  and  other  minerals.  It  is  also  argentiferous, 
and  is  considered  worth  smelting  when  it  does  not  contain  less 
than  2  lbs.  of  copper  per  centner.  The  present  works  are  situate 
near  Mansfeld,  Eisleben,  and  Sangershausen. 

Specimens  of  the  schist  and  products  are  exhibited  in  the  Zoll- 
verein  department,  and  likewise  very  interesting  specimens  of 
Fahlerz,  together  with  copper  and  other  metals  produced  from  that 
mineral,  are  shown  in  the  Hungarian  court. 

Of  the  metals  which  remain,  it  will  not  be  possible  to  give  any 
lengthened  notice ;  and  therefore  a  simple  enumeration  of  a  few  of  the 
collections  must  suffice.  The  Exhibition  does  not  inform  us  of  any 
new  source  of  bismuth,  a  metal  of  which  the  present  supply  is  very 
far  short  of  the  demand.  Antimony,  as  found  native,  is  exhibited 
in  case  525,  Class  2,  in  the  English  department,  with  specimens 
illustrating  the  manufacture  of  the  metal  from  the  sulphide.  This 
ore  is  also  arranged  amongst  the  products  of  many  other  countries. 
A  large  block  of  cinnabar  from  the  new  Almaden  mines  in  California 
is  placed  at  the  entrance  to  the  Eastern  Annexe,  and  instructive 
specimens  relating  to  the  production  of  quicksilver  will  be  found  in 
the  Austrian  court.  A  small  but  interesting  specimen  of  the  snl- 
phuret  is  to  be  seen  in  the  collection  from  the  Zollverein.  It  serves 
to  remind  one  that  mercury  was  formerly  found  in  several  localities, 
in  some  of  these  states.  The  present  example  is  from  the  Ludwig 
mines,  near  Wetzlar. 

NICKEL  AND  COBALT. — The  great  increase  in  the  use  of  electro- 
silvered  ware  has  raised  nickel  (for  which  not  many  years  since  there 
was  comparatively  but  little  demand,  for  the  manufacture  of  German 
silver  orargentan)  to  an  important  rank  amongst  the  useful  metals, 
and  its  ores  are  now  eagerly  sought  for.  These  are  the  arsenical 
nickel  ore,  copper  nickel,  nickeliferous  pyrites,  &c.  In  this  country, 
Messrs.  Evans  &  Askin  have  long  held  a  high  position  as  manufac¬ 
turers  of  white  metal ;  and  their  case  (100)  contains  some  good 
specimens  of  the  ores  from  Norway,  Hungary,  and  North  America, 


from  which  the  commercial  products  which  they  exhibit  are 
derived.  The  collection  shown  by  Mr.  Hussey  Vivian,  M.P.  (346), 
is,  however,  more  instructive,  as  it  gives  the  products  of  every  stage 
in  the  separation  of  cobalt  and  nickel  from  the  ores  and  from  each 
other.  The  great  consumption  of  oxide  of  cobalt  is  in  the  Potteries, 
where  it  is  used  for  giving  the  blue  colour  with  the  glaze  in  the 
decoration  of  earthenware  and  porcelain.  This  application  is  shown 
in  the  case  referred  to.  Nickel  will  be  found  to  be  represented  in 
the  Zollverein,  and  specimens  of  nickel  ores  may  be  seen  in  the 
Canadian  court. 

TIN. — Samples  of  oxide  of  tin  have  been  sent  from  almost  all  the 
countries  where  it  is  found — Australia,  Spain,  the  East  Indies, 
Saxony,  our  own  country,  &c.  From  the  Helston  mining  district, 
Mr.  Hill  exhibits  a  good  series  (1 53)  of  specimens  illustrating  the 
results  of  each  process  in  the  preparation  of  the  ore,  to  which  descrip¬ 
tions  are  attached;  and  Messrs.  R.  Mitchell  &  Company  contribute 
a  model  of  the  furnace  (226)  employed  at  the  Trereife  Smelting 
Works  for  the  reduction  of  the  oxide,  as  well  as  specimens  of  the 
metals. 

Mr.  Oxland’s  process  for  the  improvement  of  tin  ores  containing 
wolfram  or  tungstate  of  iron  by  fusion  with  certain  soda  salts,  is 
shown  in  case  258 ;  and  in  connection  with  this  we  may  refer  to 
the  case  of  Messrs.  Versmann  &  Oppenheim,  in  Class  2,  showing 
one  of  the  uses  for  which  the  tungstate  of  soda  has  recently  been 
suggested — the  rendering  uninflammable  of  ladies’  dresses.  There 
are  many  exhibiters  of  tinned  plate  from  the  chief  seat  of  this 
branch  of  manufacture  in  South  Wales. 

PLATINUM,  ETC.  —  Messrs.  Johnson  and  Matthey’s  collection, 
arranged  in  a  glass  case  at  the  foot  of  the  stairs  at  the  entrance  to 
the  Eastern  Annexe,  contains  some  very  remarkable  as  well  as 
valuable  specimens.  Of  these  we  may  briefly  select  the  large  ingot 
of  pure  platinum  melted  by  the  method  of  Deville,  with  the  oxy- 
lrydrogen  flame.  This  ingot  weighs  3200  ounces,  and  has  a  value 
of  £3840 ;  the  ingot  of  pure  iridium  melted  by  the  same  process ; 
the  alloy  of  iridium  and  osmium  used  for  the  points  of  gold  pens ; 
the  rare  metals  rhodium,  osmium,  and  ruthenium,  and  the  elements 
silicium  and  boron.  Silicium  is  particularly  interesting  to  the  iron 
manufacturer,  as  being  one  of  the  elements  reduced  in  the  blast 
furnace,  which  alloys  with,  aud  materially  affects  the  quality  of,  pig- 
iron. 

Specimens  of  native  platinum  are  exhibited  in  the  mineral  collec¬ 
tions  from  Canada  and  Victoria. 
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I.  NAVAL  ARCHITECTURE. 

IRON  AND  WOOD  SHIPS,  BOAT-BUILDING,  RIGGING, 
AND  NAUTICAL  APPARATUS. 

By  E.  J.  Reed,  Secretary,  Institution  of  Naval  Architects;  and 
N.  Barnady,  M.I.N.A. 

TITS  department  of  the  Exhibition  of  1SG2 
is  full  of  interest,  both  to  the  naval 
profession  and  to  the  general  public. 
There  is  a  beautiful  collection  of 
models  by  the  Thames  Shipbuilding 
Company,  by  Messrs.  Mare  &  Com¬ 
pany,  by  Scott  Russell,  Samuda, 
Laird,  Green,  and  others  of  our 
foremost  shipbuilders  ;  and  in  yet 
greater  number,  models  of  various 
classes  of  ships  of  war  furnished 
by  the  Admiralty.  But  chief  of  them  all  in  interest  are  the 
great  iron-cased  fighting  ships.  In  1851  these  ships  had  not  been 
thought  of.  In  the  Exhibition  of  that  year,  the  most  modern  ships 
represented  were  the  St.  Jean  d' Acre,  Agamemnon,  and  Imperieuse, 
the  earliest  steam  ships  of  war ;  but  since  then  we  have  had  the 
Russian  war  and  the  French  panics,  and  during  eight  of  the  eleven 
years  which  have  elapsed  since  the  last  Exhibition  the  building  of 
ships  of  war  has  been  carried  on  with  unflagging  energy. 

Soon  after  the  outbreak  of  the  Russian  war  it  became  evident, 
that  vessels  of  light  draught  would  be  needed  for  operations  in  the 
Baltic,  and  in  the  shallow  waters  adjacent  to  the  Black  Sea.  A 
class  of  screw  gun  vessels  were  accordingly  designed,  and  the  first  of 
them,  the  Wrangler,  was  launched  by  Messrs.  Green,  of  Blackwall, 
in  July,  1854.  These  were  followed  hy  other  gun  vessels  of  from 
five  hundred  to  nine  hundred  tons,  by  a  fleet  of  gunboats  varying 
in  size  from  the  smallest  class  of  two  hundred  and  twelve  tons  and 
twenty  horses  power,  to  the  largest  of  two  hundred  and  thirty-three 
tons  and  sixty  horses  power.  All  these  were  propelled  by  screws, 
at  speeds  varying  between  six  and  eleven  knots  per  hour.  In  addi¬ 
tion  to  these,  and  to  operate  with  them,  a  number  of  sailing  vessels 
were  constructed,  some  of  wood  and  some  of  iron,  to  carry  heavy 
mortars  for  bombarding  the  Russian  fortresses  in  the  Baltic. 

To  this  war  we  owe,  moreover,  the  introduction  into  modern 
warfare  of  iron-cased  ships.  The  possibility  of  protecting  the 
sides  of  ships  of  war  by  plates  of  iron,  had  been  discussed  long 
before  in  England,  in  France,  and  in  America,  but  probably  earlier 
in  France  than  in  either  of  the  other  countries.  In  that  country 
certainly  originated  the  destructive  missile  which  has  at  last  made 
such  protection  a  matter  of  necessity.  It  was  as  early  as  1822  that 


Colonel  Paixhans  published  his  “  Nouvelle  Force  Maritime,”  in 
which  he  describes  “  une  espece  nouvelle  d’artillerie  de  mer,  que 
d6truirait  promptement  les  vaisseaux  de  haut-bord.”  The  artiller¬ 
ists  of  both  England  and  France  must  have  been  sensible  of  the 
danger  to  which  unprotected  timber-built  vessels  were  liable  from 
horizontal  shell  fire  ;  but  it  was  not  until  the  action  at  Sinope,  when 
the  Russians  destroyed  by  this  means  the  whole  Turkish  fleet,  that 
either  France  or  England  bestirred  itself. 

With  commendable  promptitude  the  French  emperor  set  to  work 
at  once  to  construct  ships  which  should  be  able  to  go  with  some 
chance  of  success  under  the  fire  of  batteries  armed  with  shell  guns. 
The  English  government  adopted  the  French  design,  and  five  such 
ships  or  batteries  were  immediately  commenced  in  England.  The 
French  ships  were  completed  in  time  to  take  part  in  the  operations 
of  the  war,  and  demonstrated  under  the  walls  of  Kinburn  the  value 
of  the  iron  protection. 


Fig  193. 


Floating  Battery,  Trusty . 


The  names  of  the  English  vessels  built  from  this  design  are 
the  Glutton,  Trusty ,  Meteor,  and  Thunder.  For  all  sea-going  pur¬ 
poses  they  are  quite  useless,  but  they  would  make  formidable 
defences  to  rivers  and  harbours. 
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An  attempt  was  made  by  tbe  English  government  to  effect  an 
improvement  upon  them  ;  and  in  order  to  secure  greater  strength 
and  durability,  the  hulls  of  the  new  class  were  constructed  of  iron. 
Three  of  these  were  built — the  Erebus,  Terror,  and  Thunderbolt. 
A  fourth  of  a  somewhat  similar  form,  the  Etna,  was  constructed 
at  the  same  time  in  wood ;  but  there  was  too  little  departure  from 
the  design  of  the  original  vessels  to  redeem  their  failures. 

There  is  but  little  probability  that  the  English  government  would 
have  proceeded  so  far  in  this  matter  as  to  originate  for  themselves 
a  shell-proof  ship,  possessing  the  resisting  powers  of  these  batteries, 
and  having  at  the  same  time  sea-going  qualities.  Its  policy  has  been 
to  initiate  no  new  means  of  attack  or  defence  which  would  be  likely 
to  cause  large  and  costly  alterations  in  the  existing  establishments. 

France  compelled  us  to  construct  screw  line-of-battle  ships  by 
laying  down  the  Napoleon.  The  English  answer  to  it  was,  however, 
immediate,  for  the  Agamemnon  was  at  once  commenced.  The 
designs  for  the  English  ship  had  in  fact  been  prepared  some  time  be¬ 
fore,  in  anticipation  of  the  necessity  when  it  should  arise.  So  also, 
although  the  construction  of  iron-cased  frigates  had  been  foreseen, 
and  designs  had  been  prepared  for  them  two  or  three  years  before 
the  Gloire  was  commenced,  it  was  not  until  the  intentions  of  the 
French  government  were  known  that  the  Admiralty  took  any  action 
in  the  matter. 

The  Gloire,  the  experimental  iron-cased  frigate  of  the  French, 
was  constructed  of  wood,  differing  from  existing  ships  mainly  in 
having  somewhat  stouter  frames  and  planking.  It  was  seen  at 
once  by  English  architects,  that  an  enormous  advantage  might  be 
obtained  by  the  use  of  iron  instead  of  wood  for  such  ships  as  these. 
It  was  certain  that  the  frame  of  a  ship  covered  in  with  iron,  and 
penetrated  by  numerous  iron  bolts,  must  decay  even  more  rapidly 
than  under  ordinary  circumstances,  and  it  was  felt  to  be  objection¬ 
able  to  spend  a  vast  sum  of  money  upon  the  iron  and  equipment 
of  such  a  perishable  structure. 

In  addition  to  this  argument  in  favour  of  iron  as  the  material 
for  constructing  our  armour-cased  ships,  there  is  the  important 
consideration  that  timber  of  home  growth  can  no  longer  be  relied 
upon.  Instead  of  the  heart  of  oak  which  has  served  us  so  well 
in  the  past,  our  English  shipbuilders  have  now  to  place  their  depend¬ 
ence  upon  the  growth  of  the  forests  of  India,  America,  and  Aus¬ 
tralia.  That  our  own  colonies  could  do  much  towards  supplying 
us  with  timber,  is  evident  from  the  splendid  display  which  they  have 
made  in  this  Exhibition,  and  of  which  we  shall  have  to  speak  here¬ 
after.  Yet  to  be  able  to  dig  from  our  own  mines,  and  mould  in  our 
own  furnaces  the  material  we  need,  gives  us  a  manifest  advantage. 

The  credit  of  enforcing  these  views  upon  the  Government  at  the 
time  we  speak  of,  and  of  indicating  the  character  of  the  ship  which 
England  should  produce  in  answer  to  the  Gloire,  is  undoubtedly  due 
to  Mr.  J.  Scott  Russell.  Naval  men  generally  were  strongly  opposed 
to  this  innovation,  and  it  was  in  the  face  of  great  opposition,  and 
in  defiance  of  a  host  of  prophets  of  evil,  that  Sir  John  Pakington 
approved  the  design  prepared  by  the  present  Chief  Constructor  of 
the  Navy,  and  ordered  the  Warrior  to  be  built. 

The  wisdom  of  this  course  is  no  longer  doubtful.  The  gallant 
ship,  bearing  the  burden  of  more  than  a  thousand  tons  of  armour, 
has  encountered  the  furious  gales  of  the  Bay  of  Biscay,  and  removed 
ever}'  doubt  as  to  her  sea-going  qualities.  So  strong  are  her  sides, 
that  at  two  hundred  yards  range  the  most  powerful  ordnance  would 
fail  to  perforate  them  ;  and  they  only  yielded  to  the  three  hundred 
pounder  smooth-bore  gun,  with  a  charge  of  fifty  pounds  of  powder. 
The  repeated  battering  to  which  the  Warrior  target  at  Shoeburyness 
has  been  exposed,  has  so  shattered  its  armour  and  broken  its  ribs 
that  it  is  now  being  taken  to  pieces  ;  but  up  to  the  very  last  it  would 
have  afforded  complete  protection  to  those  who  trusted  to  its  shelter. 

In  a  matter  of  this  kind  beauty  is  not  perhaps  of  very  much  import¬ 
ance,  but  in  this  respect  also  the  Warrior  is  eminently  successful. 


We  may  confidently  appeal  to  the  judgment  of  every  visitor  to  the 
Exhibition  on  this  point.  Every  one  has  seen  the  beautiful  model 
exhibited  by  the  Thames  Ship-building  Company  which  adorns  the 
British  Nave.  It  has  a  fairy-like  grace  and  delicacy,  and  our  foreign 
visitors  learn  with  astonishment  that  this  is  a  man-of-war  weighing 
nine  thousand  tons,  and  driven  by  the  power  of  five  thousand  steam 
horses  at  the  rate  of  sixteen  miles  an  hour — that  those  smooth, 
gently-curved  sides,  have  a  strength  which  would  set  at  defiance  the 
heaviest  batteries  in  Europe.  There  can  be  no  question  that  in 
respect  to  beauty  of  form,  as  well  as  in  the  most  important  elements 
of  efficiency,  she  is  greatly  superior  to  the  French  ship,  as  she  was 
also  far  more  costly.  Her  construction  does  great  credit  to  her 
builders,  the  exliibiters  of  the  model.  We  are  glad  to  know  that 
in  consideration  of  this  the  Admiralty  did  not  allow  them  to  suffer  a 
ruinous  loss  by  their  contract,  but  liberally  covered  their  entire 
expenditure  on  the  ship. 

Upon  reference  to  the  accompanying  drawings  it  will  be  seen, 
that  while  the  principle  has  been  accepted  that  our  ships  must  be 
armour-plated,  there  has  been  a  great  diversity  of  opinion  as  to  the 
best  mode  of  applying  the  armour. 

The  principle  of  complete  protection  from  the  upper  deck  to 
several  feet  below  water,  and  from  stem  to  stern,  has  many  advo¬ 
cates,  and  is  carried  out,  as  may  be  seen  on  the  drawings,  in  several 
classes.  There  are  those,  on  the  other  hand,  who  contend,  and  we 
think  justly,  that  for  sea-going  ships  complete  protection  is  an  error. 
They  hold  the  opinion  that  in  a  sea-way  the  loaded  ends  of  ships 
like  the  Northumberland  could  not  lift  to  the  sea,  so  that  in  bad 
weather  the  extremities  of  these  ships  would  be  constantly  plunged 
beneath  the  waves.  In  ships  like  the  Royal  Sovereign,  the  Prince 
Albert,  and  others,  designed  merely  for  coast  defence,  the  complete 
protection  is  proper ;  but  we  believe  it  to  be  inconsistent  with  sea¬ 
going  qualities. 

Our  readers  will  observe  a  remarkable  difference  in  the  character 
of  the  first  and  second  ships  in  the  appended  series  of  iron-plated 
ships. — (Page  180.)  This  second  ship,  the  Achilles,  was  originally 
designed  to  be  exactly  like  the  Warrior.  It  is,  however,  her  good 
fortune  to  be  in  the  hands  of  Government  workmen,  so  that  the 
Admiralty  are  not  fettered  by  contract  stipulations.  The  conse¬ 
quence  of  this  is,  that  such  alterations  and  improvements  are  made 
in  her  design  as  experiment  and  observation  show  to  be  desirable. 

In  addition  to  the  central  plating,  it  will  be  seen  that  a  belt  of  iron 
is  carried  round  the  ship  at  the  load  water  line,  on  the  principle 
introduced  by  Mr.  Reed  in  the  Enterprise  and  Favourite.  There  can 
be  no  doubt  that  this  will  be  an  immense  advantage  to  the  ship. 
The  Warrior  and  Black  Prince ,  and  the  Resistance  and  Defence, 
have  a  certain  amount  of  weakness  in  this  respect.  Solid  shot  will 
enter  without  difficulty  the  f-inch  plates  which  form  the  sides  before 
and  abaft  the  battery.  In  the  event  of  damage  being  done  to  the 
plates  in  the  neighbourhood  of  the  water  line,  or  below  water  on  the 
side  opposite  to  that  entered  by  a  plunging  shot,  the  necessary 
buoyancy  of  the  ship  has  to  be  maintained  by  so  subdividing  the 
hold  of  the  ship  into  water-tight  compartments  as  to  limit  the 
admission  of  water.  In  the  Warrior,  for  example,  the  fore  end  of 
the  ship  below  the  water  is  divided  into  eleven  separate  chambers ; 
and  the  after  end  is  similarly  divided  into  seven  parts.  The  success 
of  the  arrangement  is  dependent,  to  a  considerable  extent,  on  the 
officer  in  command  of  the  ship.  It  will  be  as  necessary  for  him  in 
going  under  fire  to  take  care  that  the  various  scuttles  and  manholes 
in  the  dividing  partitions  are  in  place,  and  properly  screwed  down, 
as  to  see  that  proper  arrangements  are  made  for  fighting  the  guns. 
But  while  the  utmost  reliance  may  be  placed  in  these  circumstances 
upon  such  men  as  Captains  Cochrane  and  Powell,  at  present  in 
command  of  the  Warrior  and  Defence,  the  naval  architect  cannot 
fail  to  prefer  that  system  which  leaves  the  least  amount  of  responsi¬ 
bility  in  these  matters  in  the  hands  of  sailors. 
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WARRIOR  AND  BLACK  FRINCE,  6039  Tons- 


ACHILLES,  6039  Tons. 


DEFENCE  and  RESISTANCE,  3668  Tons. 


HECTOR  AND  VALIANT,  4063  Tons. 


NORTHUMBERLAND,  MINOTAUR,  and  AGINCOURT,  6621  Tons. 


PRINCE  CONSORT,  ROYAL  OAK,  ROYAL  ALFRED,  OCEAN  TRIUMPH,  and  CALEDONIA,  4045  Tons. 


N.B. — The  Shaded  portions  are  covered  with  Armour. 
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ROYAL  SOVEREIGN,  3765  Tons. 


PRINCE  ALBERT,  2529  Tons. 


TWO  SHIELD  SHIP,  1385  Tons. 


ENTERPRISE,  990  Tons. 


FAVOURITE,  2186  Tons. 


N.B. — The  Shaded  portions  are  covered  with  Armour. 
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Another  important  difference  between  the  JVarrior  and  the 
Achilles  is,  that  in  the  latter  ship  a  fourth  mast  is  introduced,  and 
the  amount  of  head  sail  diminished,  the  bowsprit  being  shortened 
considerably.  The  great  length  of  these  ships  and  their  fine  entrance 
causes  them  to  cut  through  the  waves,  instead  of  rising  over  them, 
so  that  in  a  heavy  head  sea  there  is  a  danger  of  carrying  away  the 
jib-boom.  It  is  found,  further,  that  the  fore-and-aft  sail  on  such 
ships  is  very  useful  in  steadying  them,  and  the  introduction  of  a 
fourth  mast  affords  the  means  of  increasing  the  amount  of  this 
description  of  sail. 

It  will  be  seen  also  that  the  knee  of  the  head  has  been  removed. 
Its  removal  and  the  alteration  of  the  stern  disfigure  the  ship  some¬ 
what,  but  the  former  change  secures  the  important  advantage  of 
freeing  the  head  from  a  useless  incumbrance,  both  when  encoun¬ 
tering  a  head  sea  and  when  running  into  an  adversary.  The  latter 
affords  protection  to  the  stern  post  and  rudder  head,  which  in  the 
Warrior  are  very  much  exposed. 

One  very  apparent  result  of  the  great  innovations  which  are  being 
made  in  the  construction  of  ships  of  war  is,  that  but  little  attention 
is  paid  to  ornament,  or  even  to  beauty  of  form.  So  long  as  there  is 
little  tendency  to  radical  changes  of  form  and  of  purpose  in  these 
constructions,  the  skill  of  the  architect  and  builder  can  only  find 
employment  in  perfecting  the  approved  types  of  form ;  but  when 
more  important  questions  are  at  issue,  it  is  not  surprising  to  find 
some  of  the  new  designs  somewhat  strange  and  uncouth. 

In  all  the  recent  designs  it  will  be  seen  that  the  head  of  the  ship 
is  remorselessly  sacrificed;  and  rather  than  leave  the  rudder  and 
stern  post  exposed,  the  much  admired  stern  and  quarters  are  given 
up,  and  a  form  resorted  to  which,  while  it  leaves  us  in  a  state  of 
bewilderment  as  to  which  is  the  head  and  which  the  stern,  is  not 
remarkably  ungraceful,  and  will  probably  appear  still  less  so  when 
we  become  familiar  with  it.  However  that  may  be,  we  believe 
it  may  certainly  be  taken  for  granted,  that  for  ships  of  war  the  days 
of  figure  heads  and  quarter  galleries  are  numbered. 

The  latest  designs  of  ships  of  war  are  the  Enterprise  and  Favourite 
(p.  181).  plated  on  the  principle  advocated  by  Mr.  E.  J.Reed,  secretary 
to  the  Institution  of  Naval  Architects,  and  late  member  of  the  Govern¬ 
ment  School  of  Naval  Construction.  In  the  former  ship  the  hull 
below  the  base  of  the  central  battery  is  of  wood.  This  is  protected 
by  a  belt  of  iron  at  the  water  line,  and  by  a  plating  of  iron  on  the 
deck,  situated  at  the  height  of  the  top  of  the  belt.  There  is  a 
square  central  tower  from  which  guns  fire  both  athwartships  and 
fore-and-aft.  The  remaining  upper  works  of  the  ship  are  of  iron. 
In  the  latter  design,  which  is  the  conversion  of  a  ship  now  on  the 
stocks,  the  whole  of  the  hull  of  the  ship  is  of  wood.  On  this  account 
a  thinner  plating  of  iron,  intended  to  be  sufficiently  thick  to  be  shell- 
proof,  protects  the  portion  of  the  hull  above  the  belt,  and  before  and 
abaft  the  central  battery,  from  being  set  on  fire  by  shells. 

Without  contending  for  the  use  of  wood  instead  of  iron  in  the 
construction  of  the  hulls  of  these  ships,  or  supposing  that  the  Admi¬ 
ralty  intend  to  employ  it  to  a  greater  extent  than  is  necessary  for 
converting  existing  ships,  we  are  disposed  to  think  that  the  mode 
of  plating  employed  in  them  and,  as  we  have  already  seen,  in  the 
A  chilles  also,  is  right,  and  will  probably  be  generally  adopted.  By 
this  means  it  becomes  possible  to  use  iron  of  any  thickness  which 
may  be  necessary  as  the  power  of  artillery  is  increased. 

Illustrations  are  given  (p.  181)  of  three  kinds  of  vessels  for  carrying 
Captain  Ccles’  shields  or  cupolas.  The  first  of  these,  the  Royal 
Sovereign,  is  a  three-decked  line-of-battle  ship  cut  down  to  her  lower 
deck,  completely  plated  with  iron,  and  fitted  with  five  shields.  For 
coast  defence  purposes  she  will  doubtless  be  far  more  formidable  than 
before.  It  must,  however,  be  borne  in  mind  that  her  place  as  a 
sea-going  ship  will  have  to  be  supplied  by  a  new7  construction;  the 
loss  of  her  masts  and  her  low  free-board  making  it  impossible  for  her 
to  venture  into  the  open  sea.  The  same  remark  as  to  the  limited 


nature  of  their  services  applies  to  the  other  two  varieties  of  shield 
ships.  Captain  Coles  is  of  opinion  that  these  ships  should  be  masted, 
and  considers  that  there  is  nothing  in  the  nature  of  his  invention 
to  prevent  its  application  to  sea-going  ships.  Since  the  opening  of 
the  Exhibition  he  appears  to  have  obtained  permission  to  hang  a 
model,  carefully  prepared  under  his  own  superintendence,  imme¬ 
diately  below  the  Admiralty  model  of  the  Prince  Albert.  In  this 
design  he  has  lengthened  that  vessel,  removed  one  of  the  shields, 
and  put  in  four  masts. 

One  of  the  great  objections  to  the  use  of  masts  in  connection 
with  shields  has  been,  that  as  the  shields  are  necessarily  situated  at 
a  considerable  distance  from  the  side  of  the  ship,  the  guns  could 
not  be  fired  without  carrying  away  the  shrouds  and  rigging.  To 
remove  this  objection,  he  proposes  to  have  no  shrouds  or  stays  to 
his  masts,  but  to  make  them  of  iron  tubes  sufficiently  rigid  to  bear 
the  strain  of  the  sails  without  the  ordinary  supports.  This  new 
design  is  worthy  of  consideration,  and  marks  a  decided  advance 
upon  the  other  designs  exhibited  by  him. 

The  engravings  (pp.  180-1)  which  have  been  given  in  this  num¬ 
ber  illustrate  the  construction  not  only  of  the  ships  which  are 
building  by  the  Admiralty  for  carrying  shields,  but  also  of  all  the 
other  iron-cased  ships,  the  Warrior  among  the  number.  The 
Thames  Company  exhibit  in  the  nave,  near  the  model  of  the  Warrior, 
a  section  of  that  ship,  illustrating  the  mode  of  construction.  As  it 
is  quite  new,  having  been  devised  by  the  designers  of  the  Warrior 
and  used  for  the  first  time  in  that  ship,  it  merits  a  little  attention. 

It  had  become  gradually  apparent  as  the  use  of  iron  in  ship¬ 
building  extended  itself,  that  great  care  was  necessary  to  give  suffi¬ 
cient  longitudinal  strength.  If  a  long  ship  were  cut  into  several 
lengths,  each  forming  an  independent  compartment  capable  of  rising 
or  sinking  in  the  water  independently,  it  would  be  seen  that  they 
would  not  all  float  at  the  same  level.  The  central  pieces  would 
rise  above  the  common  level,  while  the  end  portions  would  sink  con¬ 
siderably  below  it:  so  that  when  all  the  parts  are  rigidly  united  and 
compelled  to  float  at  the  same  level,  there  are  evidently  forces  at 
work  tending  to  cause  the  middle  of  the  ship  to  rise,  and  the  ends 
to  sink.  The  effect  of  these  forces  is  ordinarily  to  cause  the  ship  to 
become  bowed  lengthwise,  or,  as  it  is  technically  called,  “hogged.” 
In  a  heavy  sea,  moreover,  the  ends  of  the  ship  are  sometimes 
wholly  unsupported  by  the  water,  and  their  weight  has  to  be  borne 
by  the  central  part  of  the  ship,  which  instantly  sinks  deeper  into 
the  water  to  enable  itself  to  bear  the  new  burden.  Such  forces 
manifestly  tend  to  break  the  ship  across,  or  if  she  resists  rupture,  to 
strain  and  weaken  the  fabric.  In  an  iron  ship  the  greater  part  of 
this  strain  has  to  be  borne  by  the  thin  iron  skin,  which  is  perforated 
by  numerous  rivet  holes.  These  are  sometimes  placed,  especially 
where  the  transverse  bulkheads  are  attached  to  the  side,  in  a  com¬ 
plete  row,  so  close  together  as  to  resemble  the  perforations  in  a 
postage  stamp.  Under  such  circumstances  rupture  across  the  line 
of  rivets  becomes  very  easy.  The  ordinary  frames  of  the  ship  were 
seen  to  be  powerless  against  such  forces,  and  it  became  a  question 
whether  the  direction  of  these  frames  or  ribs  ought  not  to  be  reversed. 
It  was  considered  that  if  they  were  placed  longitudinally  instead  of 
transversely,  they  might  still  be  made  to  serve  as  ribs  to  give  form 
to  the  fabric  and  resist  the  collapse  or  disruption  of  the  skin,  while 
they  would  at  the  same  time  prevent  the  structural  weakness  com¬ 
plained  of.  In  order  to  enable  these  frames  to  resist  a  change  of 
form  in  the  transverse  sections,  or  to  move  in  and  out  with  regard 
to  each  other,  they  are  firmly  attached  to  the  transverse  bulk¬ 
heads,  and  are  also  connected  at  intervals  by  intermediate  vertical 
plates.  It  was  on  this  system  that  the  Great  Eastern  was  con¬ 
structed,  and  it  has  been  employed  by  Mr.  J.  Scott  Russell  in  many 
other  vessels  with  great  success.  Admitting  the  force  of  these 
arguments,  the  designers  of  the  Warrior  introduced  a  number  of 
deep  longitudinal  ribs  between  the  armour  and  the  keel,  with  inter- 
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vals  of  five  or  six  feet  between  them.  But  in  order  to  give  the 
armour  sufficient  support  against  the  blows  of  heavy  missiles,  it  was 
considered  necessary  to  have  deep  vertical  ribs  behind  it,  not  more 
than  from  twenty-two  to  twenty-four  inches  apart.  These  ribs 
being  introduced  and  carried  down  some  eight  or  ten  feet  below  the 
water  as  backing  to  the  armour,  it  was  seen  that  if  continued  down¬ 
wards  over  the  fronts  of  the  longitudinal  frames,  and  connected 
firmly  with  them,  they  would  perform  the  office  of  the  bulkheads 
already  alluded  to  in  giving  transverse  strength,  and  resisting  change 
of  form  in  the  transverse  sections.  To  perfect  this  connection,  short 
plates  are  fitted  in  the  rectangular  openings  formed  by  two  adjacent 
longitudinals  and  the  continuous  rib  crossing  them.  Thus  at  every 
continuous  rib  there  is  a  girder  formed  by  the  rib,  the  bottom 
plating,  and  the  short  plates  or  webs  connecting  them. 

In  the  shield  ship  of  which  the  section  is  given  (Plate  8),  the  longi¬ 
tudinals  are  about  five  feet  six  inches  apart,  and  the  ribs  which 
cross  them  four  feet  eight  inches  apart ;  only  half  of  those  which 
support  the  armour,  and  which  are  two  feet  four  inches  apart,  being 
continued  down.  There  can  be  no  doubt  that  this  mixed  system 
gives  great  strength,  both  transversely  and  longitudinally;  but  there 
is  an  impression  that  it  is  also  very  heavy.  A  little  reflection  will, 
however,  show  that  this  is  not  the  case.  Any  shipbuilder  who  is 
sceptical  on  this  point  may  soon  convince  himself,  by  introducing, 
in  the  section  referred  to,  the  ordinary  transverse  frames  recognized 
by  Lloyd’s  rules,  spacing  them  not  four  feet  eight  inches  apart,  as 
in  this  system,  but  eighteen  inches  apart,  in  conformity  with  those 
rules.  When  the  necessary  floor  plates  and  keelsons  are  introduced, 
it  will  be  found  that  the  difference  in  weight  between  the  two  sys¬ 
tems  is  scarcely  appreciable. 

An  inspection  of  the  model  in  the  nave  will  show  that  the  staple 
angle  irons  between  the  longitudinals  are  in  one  length,  having  two 
bends  in  them.  This  is,  of  course,  a  somewhat  expensive,  and  not 
a  necessary  part  of  the  system.  It  is  certainly  better  work  than 
would  be  made  by  having  three  lengths  of  angle  iron,  and  has 
apparently  been  adopted  on  that  account.  In  these  ships  it  is  very 
evident  that  strength  is  nowhere  sacrificed  in  regard  to  economy  of 
labour. 

One  very  remarkable  feature  in  the  iron  shield  ships  is,  that 
they  have  throughout  the  greater  part  of  their  length  a  complete 
double  bottom. 

The  great  defect  of  iron  ships  is  their  weakness  of  bottom.  If 
they  ground  by  accident  on  a  hard  bottom,  or  should  settle  upon  or 
get  struck  by  the  fluke  of  an  anchor,  experience  has  shown  that  the 
bottom  is  penetrated  with  as  much  apparent  ease  as  if  it  were  made 
of  paper.  To  remove  this  defect,  Mr.  John  Grantham,  M.I.N.A., 
recommends  the  adoption  of  thick  wood  sheathing  outside  the  iron, 
which  shall  at  the  same  time  be  capable  of  receiving  the  copper  or 
brass  sheathing.  To  this  mode  of  dealing  with  the  matter  we  shall 
hereafter  refer. 

But  the  defect  is  capable  of  a  most  effectual  remedy,  wherever  it 
is  possible  to  place  a  second  bottom  within  the  ordinary  one.  It  is, 
however,  a  costly  remedy.  The  distance  between  the  two  bottoms 
must  be  sufficient  to  allow  a  workman  to  get  between  them  in  the 
process  of  construction ;  and  occasionally  also  after  she  is  constructed, 
for  cleansing  and  painting.  Thus  a  considerable  amount  of  valuable 
space  is  taken  from  the  stowing  capacity  of  the  ship,  and  a  large 
quantity  of  material  is  expended.  The  Great  Eastern  is,  we 
believe,  the  only  ship  which  has  this  system  perfectly  carried  out. 
Its  partial  adoption  in  these  shield  ships  was  a  matter  of  necessity. 
The  main  deck  of  the  ship  is  situated  at  the  water  line,  in  order  to 
reduce  as  much  as  possible  the  height  of  ship  to  be  protected.  The 
great  space  occupied  by  the  shields  on  this  deck  makes  it  impossible 
to  carry  the  water-tight  bulkheads  or  partitions  above  it;  so  that  if  one 
compartment  of  the  ship  were  to  fill  with  water,  the  others  would 
speedily  be  filled  also  by  water  flowing  over  the  top  of  the  bulk¬ 


head.  The  bulkheads  are  therefore  only  useful  in  giving  strength 
to  the  ship,  and  resisting  the  spread  of  fire.  To  meet  this  difficulty, 
the  ordinary  platform  on  which  the  engines  and  boilers  are  situated, 
is  extended  into  the  extremities  of  the  ship,  and  sideways  as  far  as 
the  foot  of  a  vertical  bulkhead,  which  is  continued  on  each  side  of 
the  ship  through  the  same  distance  as  the  platform.  Both  the 
platform  and  the  bulkheads  stop  at  a  transverse  bulkhead  at  each 
end,  and  the  spaces  beyond,  toward  the  bow  and  stern,  are  made 
water-tight  by  an  iron  deck  overhead.  The  ships  are  thus  rendered 
perfectly  secure. 

Incidental  advantages  of  considerable  consequence  are  gained  by 
this  arrangement,  viz.,  the  risk  connected  with  sluice  valves  and 
cocks  in  bulkheads  is  avoided,  the  whole  of  the  ship  is  drained 
down  to  the  side  of  the  keel,  and  the  inner  hull  is  kept  perfectly  dry. 

After  looking  at  this  array  of  ships,  and  remembering  the  magni¬ 
tude  of  the  work  in  iron  represented  by  it,  it  is  instructive  to  recall 
the  published  opinions  of  the  jurors  of  the  last  Exhibition  in  this 
matter. 

Baron  Dupin,  their  chairman,  writing  in  their  name  upon  the 
substitution  of  iron  for  wood  in  shipbuilding,  says — “  In  ships  of 
war,  however,  the  iron  sheets  of  the  hull  are  liable  to  be  rent  by 
cannon  balls  in  such  a  way  as  in  many  cases  to  render  it  impossible 
to  stop  the  leak  and  save  the  ship.  Maritime  countries  have 
therefore,  after  expensive  experiments,  abandoned  the  idea  of 
wholly  substituting  iron  for  wood  in  the  building  of  ships  of  war.” 
— {Reports  of  the  Juries,  1851.) 

The  majority  of  the  Admiralty  models  in  the  Exhibition  are  old, 
and  there  do  not  appear  to  be  any  prepared  specially  for  the  occa¬ 
sion.  This  is  to  be  regretted,  as  there  is  evidently  no  want  of  skill 
in  their  modellers.  There  is  a  small  model  of  the  Osborne,  royal 
yacht,  made  by  Mr.  Harvey,  one  of  the  Somerset  House  modellers, 
which  was  exhibited  in  1851,  and  was  adjudged  to  be  worthy  of  a 
prize  of  £40.  Near  this  is  a  recent  model  of  the  Victoria  and  Albert, 
the  present  yacht  of  Her  Majesty.  This  model,  made  by  Mr.  G. 
Piercy — also  modeller  at  Somerset  House,  and  curator  of  the 
Admiralty  models  in  the  Exhibition — is  beautifully  executed,  and 
attracts  great  admiration. 

Had  it  not  been  for  the  enterprise  of  private  firms,  the  credit  of 
the  royal  navy  would  have  suffered  in  the  comparisons  which  would 
have  been  made.  But  nothing  can  be  finer  than  the  models  of  the 
Northumberland  and  Warrior  (p.  180),  and  we  hope  their  spirited 
exhibiters  will  not  have  cause  to  regret  having  contributed  so  much 
to  the  interest  of  the  Exhibition. 

In  addition  to  the  ships  of  war  designed  by  the  Admiralty,  there 
are  several  models  of  such  ships  proposed  by  shipbuilders  and 
other  persons. 

One  of  the  most  noteworthy  among  these  is  the  design  of 
Mr.  Josiah  Jones  of  Liverpool.  It  is  formed  on  what  is  called  the 
angulated  principle.  It  is,  in  fact,  nothing  more  than  attempting 
to  make  missiles  glance  from  the  surface  of  the  armour,  by  inclining 
the  surface  exposed  to  fire.  The  principle  has  been  under  discussion 
for  some  years,  and  it  was  considered  capable  of  proof,  theoretically, 
that  no  advantage  could  be  gained  by  it.  A  recent  report  of  the 
Iron  Plate  Committee  confirms  this  by  the  results  of  actual  experi¬ 
ments.  It  is  found  that  with  any  practicable  inclination  from  the 
upright — as  much  even  as  52° — it  takes  the  same  weight  of  iron  to 
cover  effectually  with  armour  a  certain  length  and  height  of  side, 
whether  the  side  be  inclined  or  upright. 

At  the  same  time  the  inclined  plates,  being  thinner  than  if  they 
were  upright,  are  less  capable  of  resisting  shot  fired  from  elevated 
shore  batteries. 

The  American  government  are  applying  the  principle  to  a  limited 
extent  in  their  recent  gun-boats,  but  it  is  not  likely  to  be  adopted 
in  England. 
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Mr.  William  Sadler  (2720)  exhibits  a  frigate  plated  on  the  same 
principle,  and  with  it  a  floating  battery,  having  an  oval  section  flat¬ 
tened  at  the  bottom.  The  casing,  which  extends  over  the  top  of 
the  battery,  is  in  this  case  economically  applied.  There  can  be 
no  doubt  that  for  a  low  vessel,  having  to  encounter  elevated  batteries, 
and  therefore  needing  good  protection  on  the  deck,  such  a  mode  of 
applying  the  armour  has  its  advantages;  but  that  there  are  disad¬ 
vantages,  especially  in  a  sea-going  ship,  must  also  be  admitted. 

Captain  Symonds,  R.N.,  and  Mr.  Roberts,  C.E.,  exhibit  a  light- 
draught  coast-defence  ship,  in  which  this  same  form  is  partially 
adopted  (2715).  It  may  also  be  seen  among  the  models  of  the 
Thames  Iron  Shipbuilding  Company,  from  the  designs  of  Captain 
Ford,  late  of  the  Ottoman  navy,  now  managing  director  of  that 
company. 

The  vessel  proposed  by  Messrs.  Symonds  &  Roberts  is  of  the 
same  dimensions  as  the  Prince  Albert  shield  ship.  It  has,  how¬ 
ever,  a  broadside  of  but  little  more  than  one-half  the  power  of  the 
shield  ship,  and  does  not  possess  her  advantages  in  ease  and  extent 
of  training  for  the  guns.  It  is  masted,  and  is  propelled  by  two  non¬ 
fouling  screws.  Two  cellular  keels  are  fitted,  to  give  strength  and 
weatherly  qualities. 

Mr.  C.  J.  Richardson  exhibits  drawings  of  an  extension  of  the 
inclined  principle  in  forming  the  sides  of  ships  (2712).  He  pro¬ 
poses  to  apply  the  armour,  not  in  the  shape  of  flat  iron  plates, 
but  in  the  form  of  projecting  conical  shields,  each  shield  having 
slightly  curved  projecting  lips  or  bases ;  the  object  being  to  cause 
every  shot  that  strikes  them  to  glance  or  deflect  off  in  a  backward 
direction  towards  the  quarter  from  whence  it  came.  He  makes  the 
portholes  either  circular  or  oval,  and  continues  the  circular  lip  round 
them,  so  that  shot  glancing  over  the  surface  of  the  shield  may  be 
deflected  from  them  also. 

Mr.  J.  W.  Couchman  resorts  to  a  somewhat  similar  device  in  the 
floating  battery,  of  which  he  furnishes  a  model  (2663).  Wishing 
to  have  the  inclined  side,  and  perceiving  that  portholes  cut  in  such 
a  side  would  be  necessarily  large  and  greatly  exposed,  he  makes 
the  side  of  the  ship  vertical  at  each  port  and  inclined  between  them, 
in  the  same  way  as  windows  are  formed  in  the  sloping  roof  of  a 
house.  As  the  sides  and  roofs  of  these  ports  have  to  be  made  shot- 
proof,  the  proposed  system  would  be  enormously  heavy. 

In  all  devices  for  applying  armour,  it  should  be  borne  in  mind 
that  the  desideratum  is  lightness.  Any  system  of  iron  plating  can 
be  made  to  keep  out  shot,  if  there  is  no  limit  to  the  weight  of 
material  employed. 

Mr.  R.  Griffiths,  the  inventor  of  the  Griffiths’  Screw-propeller,  also 
exhibits  a  model  of  an  armour-plated  frigate  (2683).  The  pecu¬ 
liarity  in  the  construction  consists  in  the  mode  of  applying  the 
armour-plates,  which  are  vertical,  and  are  so  arranged  and  secured 
as  to  be  portable. 

There  are  few  models  in  this  class  which  attract  more  attention 
than  one  exhibited  by  Mr.  J.  Jecks,  of  Great  Yarmouth,  of  a  54-gun 
“  receiver  frigate.”  It  certainly  is  not  its  beauty,  nor  so  far  as  we 
can  see  is  it  any  merit  in  its  construction,  which  causes  every  one  to 
stop  and  examine  it.  It  appears  to  be  rather  from  the  fact  that  it 
occupies  an  exceedingly  good  position,  and  may  therefore  be  sup¬ 
posed  to  be  worth  attentive  study ;  and  from  the  perplexity  which 
it  causes  at  first  sight,  it  being  like  anything  but  a  good  ship.  The 
grand  idea  of  the  inventor  seems  to  have  been  to  case  the  ship 
very  strongly  with  iron  near  the  water,  and  in  the  elevated  bat¬ 
tery,  leaving  the  intermediate  part  to  take  care  of  itself.  This 
part  of  the  ship  he  calls  au  “  iron  passage,  to  allow  missiles  to 
pass  entirely  through  her.”  There  is  nothing  very  absurd  in  the 
idea  itself,  but  his  notion  of  how  it  should  be  embodied  in  a  ship  of 
war  is  curious. 

The  last  eleven  years  are  remarkable  not  only  for  extraordinary 
changes  in  ships  of  war,  and  the  substitution  of  iron  for  wood  in 


their  construction,  but  also  for  the  creation  both  of  the  largest 
merchant  ship,  and  the  fastest  passenger  ship  in  existence. 

Of  the  former  of  these,  the  Great  Eastern ,  a  block  model  is 
exhibited  by  Mr.  J.  Scott  Russell,  as  one  of  the  ships  built  by  him 
on  the  wave  principle  since  1851.  The  names  of  these  several 
vessels  are,  of  iron — the  Great  Eastern ,  screw  and  paddle ;  the 
Adelaide  and  Victoria ,  screw  ;  the  Baron  Osy,  paddle  ;  the  Annette, 
screw;  the  Wave  Queen,  paddle;  the  Lyons  and  Orleans,  paddle; 
the  Bann  and  Brune,  paddle;  the  Undine,  screw:  and  of  wood — 
the  Donna  Maria  Anna ,  screw. 

The  Great  Eastern,  to  the  mode  of  construction  of  which  we  have 
already  referred,  is  of  the  following  dimensions : — 


Ft. 

In. 

Length  from  centre  of  rudder-post  to  stern 

■ 

680 

0 

“  on  the  upper  deck, 

692 

0 

Breadth  of  beam,  .... 

“  over  the  paddle-boxes,  . 

.  . 

82 

6 

. 

119 

0 

Height  to  under  side  of  upper  deck,  . 

58 

2 

Tonnage — builders’  measurement, 

24,360  tons. 

Load  draught  of  water, 

30 

0 

Displacement  to  this  draught,  . 

27,000  tons. 

Horse-power  of  screw  engines  (nominal), 

1600 

“  paddle  “  “ 

1000 

Total  horse-power,  “ 

2600 

Diameter  of  the  screw  propeller, 

24 

0 

“  of  paddle-wheels  to  outside  of  iron, 

56 

10 

The  object  of  the  projector  of  this  ship,  the  late  Mr.,  I.  K.  Brunei, 
was  to  accomplish  the  passage  from  England  to  India  as  quickly  as 
by  the  overland  mail  route,  and  at  a  greatly  reduced  expense.  It 
was  not  intended  to  perform  this  journey  at  a  high  speed,  but  it  was 
considered  that  with  a  sufficient  supply  of  coal  to  enable  her  to  run 
the  whole  distance  at  an  uniformly  good  speed  (14^  knots)  without 
stopping,  would  enable  her  to  forestall  the  arrival  of  the  Peninsular 
and  Oriental  boats  by  several  days  at  Calcutta,  and  this  without 
subjecting  either  letters  or  passengers  to  the  risks  and  inconveniences 
of  passing  through  foreign  countries,  and  being  transferred  from  one 
conveyance  to  another. 

There  can  be  no  doubt  that  the  ship  is  capable  of  doing  all  that 
was  contemplated,  that  she  is  mechanically  a  very  successful  ship ; 
but  as  a  commercial  speculation  she  has  hitherto  been  a  failure. 
She  would  probably  do  well  the  work  for  which  she  was  designed, 
but  she  is  too  large  and  expensive  to  perform  economically  that  upon 
which  she  has  hitherto  been  employed.  The  following  comparative 
statement,  which  was  laid  before  the  Society  of  Arts,  shows  the 
advantages  gained  by  her  great  dimensions  : — 


Tonnage, 

Great  Eastern.  Atrato. 

22,500  2720 

Shannon. 

3092 

Persia. 

3585 

Horses  power, 

2600 

800 

800 

1000 

Coals  per  day — tons, 
Speed  per  hour,  in  knots 

300 

95 

92 

140 

14 

n? 

Ilf 

Cost, 

£650,000 

£105,000 

£120,000 

£140,000 

No.  of  days’  coal  carried, 

40 

15 

15 

14 

Carrying  power  for  pas-1 

pers.,  4000 

194 

268 

350 

sengers  and  cargo,  j 

tons,  10,000 

300 

450 

400 

From  which,  comparing  her  with  the  average  of  the  other  three 
ships,  it  appears  that  while  she  is  seven  times  larger,  has  carrying 
power  for  passengers  fifteen  times  greater,  and  for  cargo  twenty-six 
times  greater,  she  only  cost  five  times  as  much. 

The  Great  Eastern  would  certainly  be  an  eminently  safe,  com¬ 
modious,  and  rapid  conveyance  to  India  and  Australia;  and  w?e 
sincerely  hope  that  she  may  be  fairly  tried  upon  one  of  these  routes, 
and  may  meet  the  success  she  deserves. 

It  is  very  much  to  be  regretted  that  Mr.  Russell  has  not  thought 
proper  to  add  to  the  treasures  of  this  department  of  the  Exhibition 
some  more  detailed  information  respecting  this  remarkable  step  in 
the  progress  of  shipbuilding. 
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But  in  addition  to  the  largest  merchant  ship,  we  have  shown  to 
us  the  fastest  passenger  ship  in  existence.  The  Holyhead  and 
Kingston  mail  packets,  of  which  models  are  exhibited  by  Messrs. 
John  Laird  &  Sons,  of  Birkenhead,  and  Messrs.  Samuda  Brothers,  of 
Millwall,  mark  our  latest  advance  in  the  construction  of  swift  pas¬ 
senger  ships. 

Curiously  enough,  the  fastest  vessels  in  existence  at  the  date  of 
the  last  Exhibition  were  the  vessels  which  have  been  superseded  by 
these  later  constructions.  Captain  Washington  in  his  lecture  on 
the  results  of  the  Exhibition  of  1851,  forming  one  of  a  course 
delivered  before  the  Society  of  Arts  by  eminent  men  in  various 
departments,  says:  — 

“  The  most  successful  effort  at  producing  fast  sea-going  paddle- 
wheel  steamers  has  resulted  from  the  free  competition  permitted  for 
the  four  mail  steamers  between  Holyhead  and  Kingston,  a  distance 
of  56  nautic  or  64£  statute  miles,  which  was  accomplished  by  the 
Banshee ,  built  by  Mr.  Oliver  Lang,  jun.,  engines  by  Penn,  in  3  hours 
26  minutes,  or  at  the  rate  of  16-32  knots,  18-8  statute  miles,  an 
hour ;  the  average  time  of  passage  being  4  hours  3  minutes,  equal 
to  13-84  knots,  or  16  miles  an  hour  for  summer  and  winter.  All 
the  four  vessels  have  earned  a  very  high  character.  A  striking 
example  of  the  value  of  free  competition,  and  of  the  builder  and 
engineer  working  in  concert,  and  both  doing  their  utmost.” 

These  vessels  continued  to  retain  their  character  of  being  the 
fastest  vessels  afloat  until  the  royal  yacht,  Victoria  and  Albert,  was 
constructed  by  the  Admiralty.  She  attained  a  speed  at  the  mea¬ 
sured  mile  of  16'8  knots,  or  19a  miles  per  hour,  and  took  the  first 
position  for  high  speed  among  existing  vessels. 

The  Dublin  Steam-Packet  Company  having  undertaken  the  new 
service  between  Holyhead  and  Dublin,  resolved  to  have  four  paddle 
vessels  of  iron,  which  should  be  able  to  perform  at  least  as  much  as 
the  royal  yacht,  which  is  constructed  of  wood  on  the  diagonal 
system.  The  above-mentioned  builders,  accordingly,  undertook  to 


construct  such  vessels.  The  principal 

dimensions  were  as  follow 

Royal  Yacht 

New  Packets 

Ft.  In. 

Ft.  In. 

Length  between  perpendiculars,  . 

300  0 

328  0 

Breadth  of  beam,  .  .  .  . 

40  3 

35  0 

Depth  in  hold,  .... 

24  0 

19  0 

Tonnage,  o.M.,  .  2343  tons. 

2039 

Draught  of  water,  .  .  .  . 

13  11 

13  0 

Displacement  at  load  draught,  2000  tons. 

1921 

Area  of  midship  section, 

401 

341-3 

Horses’  power  of  engines,  nominal, 

600 

750 

“  “  indicated, 

2980 

4735 

Speed  at  trial,  in  knots,  per  hour, 

16-827 

18-079 

“  in  miles,  “ 

19A 

203 

(  Gross, 

Register  tonnage,  J  Engine  room, 

1382 

997 

(_Nett,  . 

385 

The  average  length  of  passage  is  3  hours,  46  minutes,  which  is  a 
gain  of  17  minutes  over  the  vessels  described  by  Captain  Washing¬ 
ton.  The  average  speed  is,  according  to  this,  17T  miles  per  hour  for 
summer  and  winter,  or  a  gain  of  rather  more  than  one  mile  per  hour 
over  the  old  service. 

Some  of  the  particulars  of  the  construction  of  the  Leinster  are  as 
follows : — The  keel  and  keelson  are  in  one,  and  are  formed  by  a 
centre  plate  29  inches  deep  and  5-8ths  of  an  inch  thick,  with  two 
side  bars,  each  9  inches  by  l-8th  of  an  inch.  The  frames  are  of 
angle  iron,  5  inches  by  3  inches  by  3-16ths  of  an  inch,  spaced  18 
inches  apart  for  100  feet  amidships,  and  20  inches  apart  forward  and 
aft.  There  is  a  reverse  angle  iron  3  inches  by  3  inches  by  3-8ths 
of  an  inch  on  every  alternate  frame  extending  to  the  gunwale.  The 
floor  plates  are  18  inches  deep  amidships,  1-2  inch  thick  in  engine- 
room,  and  7-16ths  of  an  inch  forward  and  aft.  The  floor  angle  irons 
are  single,  3  inches  by  3  inches  by  3-8ths  of  an  inch,  crossing  the 


keel  and  turning  up  in  each  bilge  3  feet  and  5  feet  alternately.  For 
100  feet  amidships  the  sides  are  9-16ths  of  an  inch  thick,  and  the 
bottom  5-8ths  of  an  inch — for  50  feet  on  each  side  of  this  there  is  a 
reduced  thickness  of  l-16th  of  an  inch,  and  the  remainder  is — sides, 
7-16ths;  bottom,  1-2  inch. 

Messrs.  Ravenhill  &  Salkeld,  of  Blackwall,  exhibit  models  of  the 
engines  of  the  Leinster  and  Connaught,  which  were  built  by  them. 
They  are  an  example  of  the  very  successful  application  of  the  oscil¬ 
lating  principle  to  the  largest  class  of  marine  engines.  The  paddles 
are  feathering. 

In  addition  to  the  model  of  the  Leinster,  Messrs.  Samuda  also 
exhibit  models  of  the  Tamar,  transport  of  2864  tons,  designed  by 
and  building  for  the  Admiralty;  of  the  Massilia,  1919  tons;  of 
the  Mysore  and  Rangoon,  of  2100  tons,  building  for  the  Peninsular 
and  Oriental  Company ;  and  of  the  Victoria  of  568  tons,  for  the 
South-Eastern  Railway  Company. 

Messrs.  Pearse  &  Company  of  Stockton-on-Tees  exhibit  a  very 
excellent  model  of  what  is  said  to  be  the  largest  river  steamer  in 
the  world.  It  is  an  iron  or  rather  puddled-steel  troop  ship,  built 
for  the  navigation  of  the  Lower  Indus,  under  the  direction  of  the 
Boat  Committee  of  the  Indian  Board,  from  designs  prepared  by  Mr. 
T.  Winter,  engineer  to  the  Council  of  India.  The  principal  dimen¬ 
sions  of  this  vessel  are  as  follows : — 

Ft.  In. 

Length  over  all,  .  .  .  .  .  375  0 

Breadth  moulded,  .  .  .  .  .  46  0 

Breadth  over  paddles,  .  .  .  .  79  0 

Extreme  depth  amidships,  .  .  .  .50 

Draught  of  water,  .  .  .  .  .20 

Displacement,  .  .  .  .739  tons. 

Tonnage,  o.  m.,  .  .  .  3910 

Horse-power  of  engines,  nominal,  .  .  .  22C 

“  “  indicated,  .  .  .  800 

Diameter  of  paddle-wheels,  .  .  .26 

Speed,  per  hour,  .  .  .  .  .13  miles. 

The  vessel  is  designed  to  carry  eight  hundred  men  and  their  effects, 
and  is  fitted  up  with  beds  and  conveniences  for  that  number.  When 
completely  loaded  she  will  draw  a  little  over  two  feet  of  water. 

The  following  are  some  of  the  particulars  of  her  construction 
which  were  furnished  to  the  Society  of  Arts : — She  is  divided  into 
compartments  by  twelve  water-tight  bulkheads,  and  has  two  decks 
containing  three  ranges  of  beds,  separated  by  two  passages.  These 
latter  are  built  on  two  houses,  each  one  hundred  feet  long,  in  a 
somewhat  similar  manner  to  the  saloons  of  the  American  river 
steamers,  leaving  a  clear  gangway  or  passage  outside  all  round  the 
ship.  The  hull  is  quite  flat-bottomed,  and  of  a  uniform  depth 
throughout,  except  just  at  the  extremities,  which  are  rounded  off 
in  the  same  manner  at  both  ends.  The  necessary  firmness  is  given 
to  the  structure  by  two  girders,  attached  to  two  parallel  keelsons  at 
the  sides  of  the  vessel.  The  weight  of  the  steel  plates  forming  the 
main  part  of  the  fabric  is  five  lbs.  to  the  square  foot.  The  angle 
iron  ribs  are  three  inches  by  two  inches.  The  plates  used  for  the 
keel  are  seven  lbs.  to  the  square  foot,  and  those  in  the  girders  fifteen 
lbs.  to  the  foot.  These  are  said  to  be  the  only  plates  in  the  vessel 
heavier  than  five  lbs.  to  the  foot.  The  total  weight  of  material  is 
two  hundred  and  seventy  tons.  The  vessel  is  steered  by  means  of 
Chaplin’s  apparatus.  This  consists  of  iron  plates  sliding  up  and 
down  in  vertical  casings  placed  at  an  angle  of  35°  with  the  line  of 
the  keel.  There  is  one  of  these  plates  at  each  bow  and  quarter. 
Each  plate  turns  on  a  joint  at  its  front  end,  and  when  not  in  action 
is  drawn  up  within  its  casing.  To  bring  either  of  the  plates  into 
action  it  is  only  necessary  to  lower  it  until  it  projects  into  the  water 
through  which  the  vessel  is  passing,  which  is  done  by  the  motion  of 
the  wheel  to  which  it  is  attached.  A  single  pair  of  plates  is  suffi¬ 
cient,  but  by  using  simultaneously  the  bow  and  stern  plate  on  the 
same  side,  the  vessel  is  turned  much  more  rapidly  towards  that  side. 

2  a 


18G  RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


By  using  at  tlie  same  time  a  bow  and  stern  plate  on  opposite  sides, 
the  vessel  does  not  turn,  but  is  driven  sideways. 

Close  to  this  there  is  a  very  good  model  of  a  commodious  paddle 
steamer,  to  be  employed  as  a  ferry-boat,  exhibited  by  Messrs.  J. 
Rogerson  &  Company,  Newcastle-on-Tyne. 

Mr.  W.  Patterson,  jun.,  of  Bristol,  has  a  very  good  collection  of 
models  of  screw  and  paddle  steamers  and  yachts.  So  also  has  Mr. 
Josiah  Jones,  jun.,  of  Liverpool,  whose  ships  of  war  have  already 
been  noticed. 

Messrs.  Denny  Brothers,  of  Dumbarton,  exhibit  a  carefully-made 
sectional  model  on  a  J-inch  scale  of  a  screw  steamer,  together  with 
models  of  the  Hibernian  and  Norwegian  built  by  them  for  the 
Montreal  Steam-ship  Company. 

Mr.  A.  J.  Robertson,  Hattonburn,  Kinross,  exhibits  some  curious 
models  on  what  he  considers  to  be  the  principle  of  least  resistance. 

Some  models  of  vessels  of  a  still  more  remarkable  form  are 
exhibited  by  Mr.  G.  R.  Tovell  of  the  Isle  of  Man.  One  of  these  is 
a  half  model  of  a  South  African  trader,  which  is  stated  to  have 
made  fifteen  knots,  or  over  seventeen  statute  miles  an  hour  under 
sail  only.  She  is  one  hundred  feet  long,  twenty-four  feet  broad, 
and  has  ten  feet  depth  in  hold.  The  peculiarity  in  the  construction 
of  these  vessels  is,  that  all  vertical,  transverse,  and  longitudinal 
sections  of  the  hull  below  water  are  portions  of  circles  ;  the  same  is 
true  also  of  the  water-lines.  The  body  of  the  vessel  accordingly 
shallows  very  rapidly  as  its  breadth  diminishes  towards  the  extremi¬ 
ties  ;  but  as  a  great  draught  of  water  is  considered  to  be  necessary 
to  prevent  leeway,  there  is  an  immense  amount  of  dead  wood,  keel, 
and  gripe.  The  object  of  Mr.  Tovell  in  giving  this  circular  form  to 
all  the  sections,  is  said  to  be  to  obtain  strength  of  form,  simplicity 
of  construction,  great  capacity  for  stowage,  and  speed.  A  vessel 
called  the  Margaret,  one  hundred  tons  register,  built  by  him,  created 
considerable  sensation  at  one  of  the  yacht  races  on  the  Thames  some 
seven  or  eight  years  ago,  by  her  extraordinary  sailing  qualities. 

Messrs.  Randolph  &  Elder,  of  Glasgow,  consider  that  they  have 
obtained  some  very  remarkable  results  in  vessels  propelled  by  their 
improved  marine  engines.  The  following  are  the  dimensions  of  two 
of  these  vessels,  with  the  results  said  to  have  been  obtained : — 

Screw  troop  Colleen  Bawn 

ship.  paddle  steamer. 


ft.  in. 

ft.  in. 

Length  between  perpendiculars, 

356  0 

220  0 

Breadth,  extreme, 

44  0 

28  0 

Depth  in  hold,  .... 

33  0 

16  7 

Tonnage,  o.  m.,  .  .  3394  tons. 

847 

Load  draught  of  water, 

21  0 

10  6 

Displacement  in  tons,  .  39  G2  tons. 

1066 

Area  of  midship  section  in  square  ft., 

748 

278 

Horse-power  of  engines,  nominal, 

“  “  indicated, 

750 

320 

3000 

1300 

Speed  in  knots  per  hour, 

isa 

14J 

Consumption  of  coal  per  hour, 

40  cwt. 

24  cwt. 

Which  is,  in  the  former  case,  only  one  and  a  half  lbs.  per  indicated 
horse-power  per  hour,  and  in  the  latter,  two  lbs. 

Messrs.  Pile,  Spence,  and  Company  of  West  Hartlepool,  exhibit 
drawings  and  models  of  a  great  number  of  vessels.  Their  models 
are  arranged  in  a  very  novel  and  effective  manner,  each  vessel 
being  inclosed  in  a  glass  cylinder  having  the  ends  closed  with  glass. 
A  brass  frame  receives  these  cylinders  in  tiers  one  above  another, 
and  in  rows  lengthwise,  but  all  of  them  placed  obliquely,  so  that  an 
end  view,  as  well  as  a  side  view,  may  be  obtained  of  each  vessel. 

Messrs.  R.  &  II.  Green,  the  celebrated  shipowners  and  builders 
of  Blackwall,  exhibit  a  model  of  the  Arapiles,  a  frigate  of  fifty-one 
guns,  and  with  engines  of  eight  hundred  horse-power,  building  by 
them  for  the  Spanish  government,  from  designs  furnished  by  that 
Government.  They  also  exhibit  a  model  of  the  Highflyer,  a  clipper 
ship  designed  and  built  iu  them  establishment.  In  this  vessel,  and 


also  in  the  Renown,  one  of  their  own  ships,  they  have  introduced 
with  very  good  results  iron  beams  on  both  the  decks  (Fig.  194). 
The  mode  of  attachment  adopted  by  them  is  simple,  and  after  severe 
trials  shows  no  signs  of  weakness. 

There  is,  we  believe,  no  portion  of  a 
wooden  ship  in  which  iron  can  be 
more  successfully  applied,  and  we 
commend  the  example  of  Messrs. 

Green  to  those  builders  who  still 
have  faith  in  wood,  as  being  a  step 
at  least  in  the  right  direction. 

Near  this  model  there  are  two 
interesting  models  of  light  draught 
gunboats  built  by  George  Rennie  & 

Sons  for  the  Spanish  navy,  and 
for  the  East  Indian  navy.  They 
have  perfectly  flat  bottoms,  with 
no  keel,  and  draw  when  loaded,  with 
their  single  pivot  gun  mounted  in  the 
fore  part  of  the  vessel,  two  feet  four 
inches  water.  Their  length  is  ninety 
feet,  and  breadth  fourteen  feet.  They 
are  propelled  by  two  screws,  about 
two  feet  four  inches  in  diameter, 
driven  by  engines  of  thirty  horse¬ 
power. 

We  must  not  omit  to  notice  also 
Mr.  C.  Lungley’s  patent  unsinkable 
iron  ship.  A  model  is  exhibited 
(2648)  of  the  Briton,  built  by  Mr. 

Lungley  upon  this  principle  for  the 
Union  Steam-ship  Company,  for  mail 
service,  between  England  and  the  Cape 
of  Good  Hope.  The  arrangement 
consists  in  making  the  lowest  deck,  or 
more  than  one  deck  water- tight,  except 
where  holes  have  to  be  cut  through 
for  forming  hatchways  and  scuttles.  If  the  lowest  deck  were  com¬ 
pletely  water-tight,  water  entering  the  hold  of  the  ship  in  consequence 
of  injury  received  below  the  deck  could  not  rise  higher  than  the 
water-tight  deck;  the  upper  parts  of  the  ship  would  remain  free. 
If  this  deck  were  low  down  in  the  hull,  or  the  space  below  it  were 
subdivided  by  transverse  bulkheads,  no  injury  to  the  bottom  of  the 
ship  would  endanger  her  safety.  So  also,  if  water  should  enter 
above  such  water-tight  deck  from  an  injury  to  the  hull  above  it,  the 
water  could  not  pass  below,  by  which  means  a  large  amount  of 
buoyancy  would  be  preserved.  Now,  although  the  deck  employed 
by  Mr.  Lungley  is  not  perfectly  water-tight,  but  has  perforations  in 
it  for  hatches,  still  the  admission  of  water  is  limited  almost  as  much 
as  if  it  were  ;  for  a  water-tight  casing  or  trunk  which  is  placed  round 
each  of  these  openings  prevents  communication  between  the  parts 
lying  above  and  below  the  deck.  The  plan  was  very  well  carried 
out  in  the  Briton;  and  although  there  are  certain  minor  dis¬ 
advantages  attending  it,  the  security  of  the  ship  against  damage 
by  the  admission  of  water  or  the  spread  of  fire  is  very  greatly 
increased. 

PRESERVING  THE  BOTTOMS  OF  IRON  SHIPS.— The  bottoms  of 
ships  become  rapidly  foul  from  the  adhesion  of  marine  animals  and 
sea-weed.  This  is  not  so  apparent  in  wooden  ships  sheathed  with 
copper  as  in  iron  ships.  The  copper  possesses  the  valuable  pro¬ 
perty  of  oxidizing  slowly,  and  with  tolerable  evenness  over  the 
whole  surface,  thus  dislodging  constantly  the  foreign  substances 
attached  to  its  surface.  Various  paints  and  compositions  have  been 
invented  for  covering  iron  plates,  with  the  view  of  imitating  this 
natural  action  of  the  surface  of  the  copper ;  but  none  of  them  meet 


Fig.  m 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862.  187 


with  more  than  partial  success,  and  all  of  them  require  to  be  fre¬ 
quently  renewed. 

Various  specimens  of  such  compositions  are  exhibited,  but  Pea¬ 
cock,  Hay,  M'Innes,  and  others,  who  have  at  present  nearly  com¬ 
plete  possession  of  the  market,  do  not  appear  among-  the  exhibiters. 
Mr.  Grantham,  to  whose  mode  of  giving  local  strength  to  the 
bottoms  of  iron  ships  we  have  already  alluded,  is  one  of  those  who 


Fig.  195. 


Grantham’s  Copper  Sheathing  for  Iron  Ships. 
a  Inner  angle  iron  frames, reduced  in  number  and  in  size;  b  External  angle  iron 
frames  ;  c  Iron  skin  of  the  ship;  d  Plank  cut  into  short  lengths,  having  the  ends 
slightly  bevelled :  these  are  placed  between  each  frame,  beginning  at  the  keel  and 
extending  to  a  little  above  the  water  line:  e  Short  wooden  wedges  for  fixing  each  of 
these  planks  in  its  place:  /Outer  wooden  sheathing  an  inch  and  a  half  in  thick¬ 
ness,  nailed  to  the  inner  planking  :  g  Copper  or  mixed  metal  sheathing  fastened  in 
the  usual  way. 

believe  that  the  proper  way  to  preserve  the  bottoms  of  iron  ships 
from  fouling  is,  to  cover  them  with  sheet  copper.  He  exhibits  a 
model,  showing  the  mode  (Fig.  195)  by  which  he  proposes  to  obtain 
these  two  desirable  ends.  We  very  strongly  commend  it  to  the 
attention  of  shipowners. 

The  great  objection  urged  against  the  plan  is  that  as  the  timber 
does  not  give  structural  strength  to  the  ship,  the  frame  requires  to 
be  as  heavy  as  before.  Unless,  therefore,  owners  can  be  induced  to 
be  content  with  a  less  thickness  of  bottom,  and  there  is  no  reason 
why  they  should  not,  the  whole  of  the  timber  is  so  much  additional 
expense.  This  argument  is  generally  found  to  be  stronger  than 
any  which  can  be  urged  on  the  ground  of  additional  security,  greater 
durability,  and  reduced  liability  to  fouling. 

There  are  others  who  believe  it  possible  to  bring  the  copper  or 
brass  sheathing  upon  the  iron  without  the  intervention  of  wood, 
relying  upon  the  insulating  properties  of  the  cement  by  which  it  is 
attached  for  preventing  a  galvanic  action  between  the  iron  and  the 
copper.  Mr.  C.  W.  Lancaster  exhibits,  together  with  his  oval-bore 
guns  and  iron-plank  armour,  a  mode  of  attaching  sheathing  on  this 
principle.  He  employs  for  the  purpose  of  causing  the  copper  sheets 
to  adhere  to  the  iron,  bitumen  of  Trinidad,  aided  by  copper  studs 
tapped  at  considerable  intervals  into  the  iron  plates,  and  rivetted 
upon  the  surface  of  the  copper  sheets.  Some  such  process  as  this 
will  probably  be  employed  in  the  wooden  ships  iron-cased.  If  they 
are  left  without  sheathing,  as  some  of  the  floating  batteries  are,  they 
will  become  worm-eaten  ;  if  they  are  sheathed  with  iron  like  some 
of  the  others,  they  will  become  rapidly  foul ;  and  if  they  are  sheathed 
with  copper  over  those  portions  only  which  are  not  iron-cased,  the 
galvanic  action  between  the  two  metals  will  gradually  destroy  the 


iron,  while  the  required  oxidation  of  the  copper  will  be  prevented. 
To  copper  the  whole  surface  of  wood  and  iron  below  the  water,  and 
to  attempt  to  place  an  insulator  beneath  the  copper  upon  the  iron 
portions,  seems  here  to  be  the  proper  course. 

PROPELLERS. — There  is  happily  a  great  reduction  in  the  number 
of  sanguine  inventors  of  new  propellers.  Inventors  are  beginning 
to  see  that  the  screw  is  not  to  be  easily  beaten  and  driven  from  the 
field.  It  seems  at  first  sight  that  it  has  many  disadvantages,  and 
that  there  must  be  a  large  amount  of  power  wasted ;  but  attempts  to 
improve  upon  it  have  hitherto  failed,  and  the  feeling  now  seems  to 
be  that  the  screw  must  be  accepted  as  an  institution  in  steam  pro¬ 
pulsion,  and  that  the  path  of  invention  lies  in  making  improvements 
in  its  form  and  mode  of  construction.  Among  those  who  have  taken 
this  course  we  find  Messrs.  Maudslay,  Griffiths,  Hirsch,  Truss, 
Roberts,  and  Hewitt.  Messrs.  Maudslay’s  screw,  of  which  an  illus¬ 
tration  is  given,  has  blades  which  are  not  portions  of  a  screw  surface, 
but  are  quite  flat,  except  at  the  root  of  the  blade. 

The  peculiarity  in  it  is  the  mode  of  feathering  or  altering  the 
inclination  of  the  blades.  In  all  other  modes  of  performing  this 
operation  the  engine  has  to  be  stopped  for  the  purpose  ;  but  by  a  very 


Fig.  196. 


Fig.  197. 

Maudslay’s  Feathering  Screw. 

Fig.  196 — Elevation.  Fig.  197 — Plans  showing  the  Propeller  Blades  in  their 
Extreme  Positions. 

beautiful  mechanical  device  the  necessity  for  this  has  been  avoided, 
and  by  turning  the  handle  on  the  deck,  shown  in  Fig.  196,  the 
inclination  of  the  blades  may  be  altered  to  any  extent  while  the 
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engines  are  at  full  speed.  The  plans  (Fig.  197)  show  the  blades  in 
their  extreme  positions,  both  when  fore  and  aft,  and  when  set  to  the 
coarsest  pitch.  It  is  considered  that  the  power  of  altering  the 
angle  of  the  blades  at  pleasure,  to  suit  the  varied  circumstances 
under  which  the  screw  may  be  employed,  is  of  especial  advantage 
in  long  voyages,  when  sailing  and  steaming  are  combined,  and  admits 
of  a  great  saving  in  fuel.  By  an  alteration  in  the  angle  of  the  blades 
tbe  screw  may  be  made  to  advance  as  rapidly  through  the  water 
with  a  reduced  number  of  revolutions  of  the  engine,  thus  following 
up  the  speed  obtained  by  the  ship  under  canvas,  and  using  the 
engines  as  an  auxiliary  only. 

A  further  advantage  arises  from  the  power  of  being  able  to  set 
the  blades  fore  and  aft  when  the  ship  is  under  sail  alone,  as  it  allows 
the  screw  to  be  kept  in  the  water  without  offering  obstruction  to  the 
way  of  the  vessel.  It  is  found  also  that  the  vessel  steers  better 
under  sail  when  the  feathered  screw  is  in  place,  than  when  it  is 
raised  into  the  vessel.  It  is  also  proved  that,  by  giving  motion  to 
the  engines  either  way  when  tbe  blades  are  set  fore  and  aft,  the  head 
of  the  vessel  is  turned  in  the  direction  toward  which  the  lower  blade 
advances.  This  is  caused  by  the  excess  of  pressure  on  the  lower 
blade,  which  is  working  in  deeper  water  than  the  upper  blade. 

Mr.  Robert  Griffiths  exhibits  two  screws  made  on  his  principle,  one 
having  two,  and  the  other  three  blades.  His  screws  have  had  the 
good  fortune  to  give  very  good  results,  both  with  regard  to  speed 
and  absence  of  vibration,  at  the  various  trials  made  by  the  Admi¬ 
ralty,  although  the  principle  involved  in  their  construction  is  by  no 
means  intelligible.  The  first  peculiarity  in  the  screw  is  that  it  is 
feathering,  although  not  to  the  same  extent  as  Maudslay’s.  The 
roots  of  the  blades  are  inserted  into  a  sphere,  or  boss,  formed  around 
the  axis.  These  roots  are  fastened  into  the  boss  by  screws  or  keys  ; 
and  by  raising  the  propeller  so  as  to  obtain  access  to  the  boss,  the 
angle  of  the  blades  may  be  altered.  By  the  introduction  of  this 
boss  one-third  of  the  diameter  of  the  screw  is  rendered  ineffective. 
The  answer  to  this  objection  is  that  the  portion  of  the  screw  blades 
near  the  axis  is  not  useful  in  propelling,  on  account  of  its  low  velocity 
and  fine  pitch.  But  if  this  be  admitted,  with  what  propriety  can 
we  get  rid  also  of  the  outer  portions  of  the  blades  ?  Yet  Mr. 
Griffiths’  principle  is  to  taper  them  off  rapidly  towards  their  extremi¬ 
ties.  One  defect  of  these  screws  often  complained  of  is,  that  the 
boss  obstructs  the  flow  of  water  to  the  rudder  and  renders  part  of 
it  ineffective.  Where  a  ship  happens  to  have  a  rudder  of  limited 
area  this  reduction  may  certainly  be  of  consequence. 

Hirsch’s  propeller  has  also  a  provision  for  altering  the  pitch, 
although  the  boss  is  not  quite  so  large  as  Mr.  Griffiths’.  In  Hirsch’s 
propeller  the  blades  instead  of  being  straight  up  and  down,  or  in  the 
direction  of  the  generating  lines,  are  curved.  The  front  or  entering 
edge  of  the  screw  is  so  inclined  that  it  cuts  the  unbroken  water  with  but 
little  resistance,  and  the  rest  of  the  blade  is  more  and  more  inclined, 
so  as  to  give  the  water  a  gradually  increasing  motion.  Mr.  Hirscli 
considered  that  when  all  the  force  was  applied  at  once,  the  water 
suddenly  put  in  motion  by  the  front  edge  of  the  screw  was  scarcely 
acted  upon  by  the  rest  of  the  blade.  He  complained  that  the 
6traight-bladed  screw  throws  too  much  of  the  water  outwards,  and 
thus  loses  propelling  power,  and  also  deprives  the  rudder  of  much 
of  the  power  which  might  otherwise  be  communicated  to  it. 

Mr.  T.  S.  Truss  exhibits  a  propeller  (Fig.  198)  constructed  for 
the  purpose  of  producing  currents,  which  shall  increase  in  velocity 
as  they  pass  through  and  around  the  propeller,  “  so  that  the  body 
of  water  surrounding  the  ship  in  its  approach  to  such  currents  acts 
upon  the  run  of  the  vessel,  giving  the  power  required  for  propulsion 
by  bringing  the  fulcrum  of  the  vessel  nearer  aft,  and  thus  throwing 
the  greater  part  of  the  load  forward.”  He  considers  that  the  speed 
of  the  vessel  is  in  proportion  to  the  velocity  of  the  currents  produced 
by  the  propeller,  a  velocity  which  is  modified  by  the  lines  of  the 
vessel.  He  therefore  lays  down  the  principle,  a  pefectly  novel  one  it 


must  be  admitted,  that  screw  propulsion  does  not  consists  of  screw¬ 
ing,  dragging,  or  forcing  a  vessel  through  the  water  by  artificial 
means,  but  is  accomplished  entirely  by  the  fluid  pressure  on  the 
run  of  the  vessel. 


Fig.  198. 


Truss’  Patent  Propeller. 


The  screw  proposed  by  Messrs.  Roberts  and  Symonds  (Fig.  1 99) 
has  been  specially  designed  to  prevent  liability  to  fouling.  With 
this  object  it  is  very  much  reduced  in  diameter,  so  as  to  keep  it  well 
under  water,  and  is  so  formed  as  to  throw  off  ropes  or  other  matters 
which  may  come  within  its  reach.  The  vanes  or  blades  are  of 
wrought-iron  or  steel,  secured  to  spiral  flanges  on  the  boss,  the  flanges 
being  covered  with  a  cycloidal  casing  of  wrought-iron.  The  roots  of 
the  blades  being  long  and  well- supported,  the  blades  are  made  thinner 
than  usual.  The  blades  are  tapered  on  both  the  leading  and  after¬ 
edges,  and  when  in  rotation,  whether  turning  ahead  or  astern,  may 
be  said  to  form  a  cone  that  will  throw  off  any  passing  wreck,  chain, 
or  cordage,  without  fouling  or  injury. 

The  inventors  propose  to  apply  the  screw  to  vessels  of  very  light 
draught  for  river  purposes,  half  immersed. 

The  method  of  attaching  the  screw  to  the  shaft,  shown  in  the 
figure,  enables  it  to  be  readily  shipped  and  unshipped.  The  screw 
being  comparatively  light,  the  after-bearing  is  dispensed  with,  part 
of  the  after  length  of  the  screw  shaft  into  which  the  short  shaft 
of  the  propeller  is  shipped  being  of  increased  diameter,  to  admit  of 
its  being  bored  out  to  receive  the  short  shaft  attached  to  the  pro¬ 
peller,  which  is  secured  by  a  key,  gib,  and  cotters.  By  this  means 
the  screw  and  short  shaft  may  be  removed,  without  disturbing  the 
main  shaft  or  admitting  water  into  the  ship. 

Mr.  Hewitt,  of  Bristol,  exhibits  a  propeller,  which  he  calls  the 
Royal  Alfred  screw.  He  considers  that  the  blades  of  a  propeller 
should  be  quite  flat,  and  that  any  curve  or  twist  will  have  the  effect 
of  compressing  and  lifting  the  water,  instead  of  forcing  it  off  in  a 
direct  line.  He  considers  also,  that  in  order  to  reduce  vibration, 
there  should  be  four  blades  instead  of  two.  He  has  accordingly 
constructed  a  screw  which  consists  of  a  central  sphere  through 
which  the  shaft  passes,  and  four  flat  circular  plates  with  roots  let 
into  the  surface  of  the  sphere.  Each  blade  is  capable  of  turning 
about  the  central  bolt  by  which  it  is  fastened,  so  as  to  feather.  The 
operation  of  feathering  is  performed  from  within  the  ship  by  turning 
a  cylinder  which  envelopes  the  after-part  of  the  screw  shaft,  and 
has  cogs  at  its  outer  end,  taking  into  other  cogs  formed  on  the  roots 
of  the  blades.  All  the  blades  are  by  this  means  feathered  together. 

Mr.  Aston  exhibits  his  patent  disc  propeller  (Fig.  200),  fitted  in  a 
working  model  boat  (2646).  The  propeller  consists  of  a  series  of  flat 
riugs  of  about  tbe  same  diameter  as  a  paddle  wheel,  resembling  in 
fact,  a  paddle  wheel  divested  of  its  floats,  and  with  the  rings  some¬ 
what  increased  in  breadth.  The  force  for  propelling  the  vessel  is 
obtained  by  the  friction  of  those  portions  of  the  rings  which  are 
immersed  in  the  fluid. 

If  there  be  any  merit  in  this  invention,  we  have  been  greatly  in 
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error  in  using  paddle  boards  or  floats,  the  object  of  which  was 
simply  to  obtain  a  sufficient  amount  of  fluid  resistance  at  the  wheels, 

to  overcome  that  upon 
the  bow  and  sides  of 
the  vessel,  and  the 
size  of  the  boards  was 
supposed  to  be  such 
as  experience  had 
shown  to  be  neces¬ 
sary.  It  is  true  that 
by  dispensing  with 
the  floats  Mr.  Aston 
may  reduce  vibration 
and  backwater.  He 
would  do  so  still  more 
effectually  by  polish¬ 
ing  the  surfaces  of  the  discs,  a  course  we  should  recommend  to  him 
for  experiment! 

Another  exhibiter  of  a  new  propeller  is  Mr.  Fryer,  who  has  a 
very  carefully  made  working  model  (2676)  of  what  he  calls  the 
“Horizontal  patent  propeller  direct-acting  steam  engines,  and  steam¬ 
steering  safety  propellers.”  The  propeller  consists  of  a  rectangular 
frame,  having  hinged  shutters,  arranged  like  the  strips  or  leaves  of 
a  Venetian  blind,  and  opening  and  shutting  by  the  pressure  of  the 
fluid,  as  the  piston,  to  which  the  frame  is  attached  at  right  angles, 
is  alternately  drawn  in  and  thrust  out  by  the  engines.  There  is  one 
of  these  frames  on  each  side  of  the  stern,  moving  horizontally  in 
a  fore  and  aft  direction. 

There  are  other  propellers  by  Peacock,  Gittins,  Fyfe,  Palmer  and 
Swift,  Clay,  and  Vines,  all  of  them  displaying  a  certain  amount  of 
ingenuity,  but  having  no  special  features  claiming  attention. 

STEERING. — There  is  a  very  general  impression  that  an  improve¬ 
ment  is  demanded  in  our  present  mode  of  steering  large  ships.  As 
many  as  twelve  men  are  sometimes  employed  at  the  steering  wheels 
of  the  W irrior ,  and  complaints  are  made  that  she  does  not  answer 
her  helm  readily.  The  defect  is  sometimes  said  to  be  in  the  rudder, 
which  is  supposed  to  be  too  small,  and  sometimes  in  the  steering 
gear.  Alterations  have,  however,  been  made  in  both  directions 
without  much  improvement.  In  the  Black  Prince,  in  addition  to 
a  yoke  and  tiller,  the  arrangement  exhibited  by  J.  W.  Gray  and 
Son  (2681)  has  been  fitted.  This  mode  of  steering  has  been 
adopted  very  successfully  in  the  Niagara  U.S.  frigate.  It  consists 
of  a  double-threaded  screw,  the  threads  being  cut  in  opposite  direc¬ 
tions,  on  a  horizontal  shaft  lying  in  a  fore-and-aft  direction  just  over 
the  centre  of  the  rudder-head.  On  each  side  of  the  rudder-head  is 
an  arm,  forming  part  of  a  wrouglit-iron  cap  to  the  rudder.  Imme¬ 
diately  over  this  cap  there  is  a  brass  nut  embracing  the  screwed 
shaft,  and  having  arms  similar  to  those  on  the  cap.  The  two  arms 
on  each  side  are  united  at  their  outer  ends  by  a  pin  passing  down 
through  them.  If  the  brass  nut  were  in  one  piece,  no  motion  of  the 
screwed  shaft  could  turn  the  rudder;  but  it  will  be  seen  that  if  the 
nut  is  cut  into  halves  by  a  vertical  cut  along  the  axis  of  the  shaft, 
and  the  thread  in  one  of  the  halves  fits  the  thread  which  runs  in 
one  direction  on  the  shaft,  while  the  thread  on  the  other  half  fits 
that  which  runs  in  the  opposite  direction,  the  result  is  that  as  the 
shaft  is  turned  round,  one  half  of  the  nut  travels  aft  and  the  other 
forward,  each  pushing  before  it,  as  it  goes,  the  arm  on  the  rudder- 
head  cap,  to  which  it  is  attached  by  the  pin  already  described.  The 
shaft  is  turned  by  the  steering  wheel,  of  which  it  forms  the  axis. 
None  of  the  arrangements  exhibited  for  turning  the  rudder  are 
more  beautiful  than  this. 

Mr.  Rogers,  of  Swansea,  shows  one  which  is  very  similar  in 
its  action,  while  it  avoids  the  double  screw.  The  principle  of 
it  is  the  same  as  if  in  the  arrangement  we  have  just  described 
the  two  halves  of  the  nut  were  placed,  not  opposite  to  each  other, 


but  one  abaft  the  other,  then  the  two  half  nuts  completed  so 
as  each  to  embrace  the  shaft  completely,  but  the  thread  removed 
from  the  after  one  and  a  shoulder  formed  on  it  to  prevent  the  shaft 
from  sliding  through  it.  Then  it  will  be  seen  that,  if  the  thread  be 
single  fitting  in  the  foremost  nut,  we  shall  then  have  the  same  motion 
as  before,  but  with  only  half  the  speed  for  the  same  pitch  of  screw. 
Mr.  T.  Carr  (2656)  also  employs  a  screw  over  the  rudder-head,  but 
less  successfully. 

Mr.  D.  A.  Samuel  (2802)  has  a  screw  shaft  crossing  the  vessel 
over  the  tiller.  This  shaft  forms  the  axis  of  the  steering  wheel. 
The  screw  works  in  a  nut,  which  nut  is  fitted  in  a  guiding  groove  in 
the  tiller,  and  slides  along  the  groove  as  the  tiller  is  pushed  over  by 
the  action  of  the  screw. 

Mr.  John  Fenwick  (2806)  fits  a  cog  wheel  on  the  rudder-head, 
worked  by  an  endless  screw. 

There  are  several  propositions  also  for  employing  two  rudders. 
Lieutenant  Preston  fits  two  rudders  in  his  model  (2753),  on  the 
ground  that  they  are  less  liable  to  accident.  Mr.  W.  R.  Mulley  also 
fits  a  rudder  on  each  side  the  deadwood,  as  an  auxiliary  and  reserve. 
But  all  these  rudders  are  placed  before  the  propeller,  and  lose  the 
benefit  of  the  increased  velocity  with  which  the  water  is  driven  from 
the  screw. 

That  there  is  no  want  of  rudder  power  in  ships  like  the  Warrior, 
is  evident  from  the  fact  that  the  rudder  absorbs  the  force  of  twelve 
men  when  it  is  only  half  over,  and  of  course  applies  the  force  of 
those  men  in  turning  the  ship.  Some  persons  appear  to  consider 
that  the  smallness  of  the  angle  at  which  the  rudder  can  be  held  in 
these  ships  is  a  defect,  but  it  is  by  no  means  so.  A  large  rudder  at 
a  small  angle  is  more  advantageous  than  a  smaller  rudder  at  a  larger 
angle,  supposing  the  same  manual  labour  to  be  absorbed  in  each 
case,  and  for  the  following  reason: — The  direction  of  the  resultant 
pressure  on  the  rudder  is,  in  the  case  of  the  large  rudder,  more 
nearly  at  right  angles  to  the  length  of  the  ship,  and  therefore 
further  from  the  centre  of  gravity  of  the  ship,  so  that  the  leverage 
to  turn  the  ship  is  longer. 

The  real  cause  of  the  comparative  difficulty  in  steering  such  ships 
as  the  Warrior  appears  to  be,  that  it  is  not  so  easy  to  turn  a  ship 
weighing  nine  thousand  tons,  as  it  is  to  turn  one  weighing  half  that 
amount — a  very  reasonable  proposition  one  would  suppose,  but  one 
which  has  nevertheless  not  yet  received  popular  credit.  The  only 
mode  of  reducing  the  labour  of  the  men  which  commends  itself,  is  the 
adoption  of  the  balanced  rudder,  but  this  rudder  must  be  abaft  the  pro¬ 
peller,  and  the  rudder  post  must  be  abolished.  Look,  for  example, 
at  the  rudder  of  the  Northumberland  in  the  Exhibition  model.  It 
is  a  flat  plate  which,  in  order  to  turn  the  ship,  has  to  be  held  by 
men’s  hands  obliquely  across  the  stern,  while  the  water  is  driven 
against  it  by  the  screw,  or  by  the  velocity  of  the  ship.  As  it  is 
hung  in  this  ship,  and  in  ordinary  cases,  it  has  to  be  held  at  an 
enormous  disadvantage  by  one  edge;  but  suppose  the  rudder  post 
taken  away,  and  the  rudder  somewhat  altered  in  form,  a  portion  of 
surface  being  added  to  the  fore  side,  then  the  stem  or  axis  would 
be  near  the  middle  of  the  rudder  surface,  and  it  could  be  held  at  the 
required  angle  of  obliquity  with  far  greater  ease,  while  it  would  lose 
none  of  its  efficiency.  The  weight  of  the  rudder  would  be  taken,  as 
in  the  Niagara,  upon  friction  rollers  on  the  deck,  and  the  lower 
part  would  be  steadied  by  the  keel. 

It  is  quite  true  that  in  wooden  ships,  with  the  ordinary  broad 
heavy  stern  and  with  a  lifting  screw,  the  rudder  post  is  needed  to 
assist  in  supporting  the  stern,  and  also  to  guide  the  screw ;  but  in 
these  ships  the  screw  does  not  lift,  and  the  stern  needs  no  such 
support,  even  if  such  a  rudder  post  were  capable  of  affording  any. 

The  balanced  rudder  is  a  very  ancient  invention,  and  has  been 
tried  in  various  ways,  but  without  success.  All,  however,  it  appears 
to  need  to  make  it  successful,  is  a  clear  passage  to  it  for  the  water 
from  both  sides  of  the  ship.  When  that  water  can  be  driven  against 


Fig.  200. 
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it  by  a  screw  propeller,  so  much  the  better.  The  great  strength  of 
the  sterns  of  these  large  iron-cased  ships  enables  us  to  obtain  these 
conditions ;  and  there  can  be  little  doubt  that  the  increasing  diffi¬ 
culties  in  steering  will  some  day  lead  to  its  adoption. 

SAILS. — Very  little  change  has  been  made  for  the  last  two 
hundred  years  in  the  arrangement  and  mode  of  working  the  sails  of 
ships.  The  disinclination  on  the  part  of  owners  and  captains  to 
introduce  novelties  in  such  matters  is  very  natural,  and  obviously 
arises  from  the  danger  that  at  a  critical  moment  some  unforeseen 
difficulty  in  the  arrangement,  or  some  misapprehension  on  the  part 
of  the  seamen,  may  place  the  ship  in  peril.  That  system  which 
has  been  tried  in  fair  weather  and  in  foul,  and  with  which  the 
seamen  are  known  to  be  thoroughly  well  acquainted,  may  be 
clumsy  and  to  some  extent  inefficient ;  but  to  introduce  any  fan¬ 
cied  improvement  is  generally  felt  to  be  too  perilous  a  venture. 
Notwithstanding  these  difficulties,  Mr.  Cunningham  of  the  Royal 
Navy  has  succeeded  in  introducing  a  very  great  novelty  in  the  mode 
of  reefing  and  unreefing  topsails  (Figs.  201  and  202).  The  invention 
had  two  important  advantages,  viz.,  It  remedied  a  great  evil,  and  it 
did  so  by  very  simple  means.  With  these  advantages  on  the  part  of 
the  invention  itself,  the  perseverance  and  energy  of  the  inventor  have 
met  with  such  success,  that  his  mode  of  reefing  topsails  is  now  very 
largely  adopted  in  the  merchant  marine,  and  is  regarded  with  great 
favour  in  those  of  Her  Majesty’s  ships  which  have  received  it  by  the 
direction  of  the  Lords  of  the  Admiralty.  According  to  the  old  mode, 
when  it  became  desirable  from  the  violence  of  the  wind  to  reduce  the 
size  of  the  topsails,  it  was  necessary  for  men  to  ascend  the  rigging 
in  the  height  of  the  storm,  to  crawl  out  upon  the  yards  as  far  as  their 
extreme  ends,  and  then,  standing  on  a  small  slack  rope  hung  below 
the  yard,  to  draw  in  the  struggling  straining  canvas  with  their  hands, 
and  bind  a  portion  of  it  to  the  yard,  so  as  to  leave  a  smaller  portion 
of  the  sail  below  the  yard  exposed  to  the  action  of  the  wind.  This 
was  the  most  dangerous  part  of  a  seaman’s  duty,  and  very  many 
lives  were  annually  lost  in  the  execution  of  it.  One  of  the  conse¬ 
quences  of  the  danger  attending  this  operation,  and  of  the  length  of 
time  required  for  its  performance  is,  that  reduced  sail  is  frequently 
carried  when  there  is  but  little  wind,  under  the  apprehension  of  a 
sudden  increase  in  its  violence.  Much  time  is  thus  lost  in  a  voyage. 
But  by  Mr.  Cunningham’s  arrangement  the  sail  may  be  reduced  or 
increased  instantly  from  the  deck,  without  sending  any  one  into  the 
rigging.  Such  an  arrangement  seemed  so  desirable  and  so  easy  of 
attainment  that,  were  it  not  for  the  reasons  we  have  already  stated, 
it  would  be  a  matter  of  astonishment  that  it  had  not  been  adopted 
before. 

The  sail  is  reefed  by  rolling  it  upon  the  yard,  which  is  made  to 
revolve  for  that  purpose  (Fig.  202). 

In  reefing  the  sail,  the  weight  of  the  yard  is  the  power  which 
causes  it  to  revolve.  It  is  applied  by  rolled  up  bands  or  ropes  on 
the  yard,  one  end  being  fixed  to  the  yard ;  or  by  the  action  of  an 
endless  chain  representing  the  topsail-tye,  within  which  the  yard  is 
suspended.  One  end  of  the  chain  is  fixed,  and  when  the  other  is 
slacked  or  hauled  upon,  the  sail  is  rolled  up  or  unrolled  on  the 
principle  of  a  parbuckle.  A  valvular  cloth,  which  works  up  and 
down  with  the  yard,  closes  up  the  aperture  required  in  the  centre 
of  the  sail  to  enable  it  to  pass  the  fittings  on  the  yard.  A  spar 
extends  from  lift  to  lift  abaft  the  yard,  to  prevent  chafing  against 
the  lee  rigging.  This  spar  also  carries  the  studding-sail  booms. 

Mr.  Cunningham  has  other  improvements  in  sails  which  have 
not  yet  been  received  into  public  favour.  These  refer  principally 
to  the  rig  and  sails  of  steamships.  His  chief  object  has  been  to 
provide  a  rig  which,  whilst  affording  the  means  of  using  square 
sails,  shall  dispense  with  the  usual  yards  upon  which  the  square 
sails  are  set,  and  which  are  so  obstructive  to  the  progress  of  a 
ship  under  steam  going  against  the  wind. 

The  improvements  consist  in  placing  the  square  sails  on  the  aft 


side  of  the  mast  instead  of  the  fore  side,  attaching  them  to  a  short 
or  half  yard  on  each  side  the  mast.  Each  of  these  half  yards  is 


Fig.  201. 


attached  at  its  inner  end  by  a  swivel  to  the  mast,  so  as  to  be 
capable  either  of  forming  with  the  other  half  a  complete  yard  with 
a  square  sail,  or  of  becoming  a  gaff  for  a  fore-and-aft  sail.  Thus, 


Fig.  202. 


Cnnningliam’s  Mode  of  Reefing  Topsails. 


when  the  vessel  is  not  under  sail,  the  two  halves  of  the  yard  lie 
side  by  side  in  a  fore-and-aft  direction.  Certain  alterations  have 
of  course  to  be  made  in  the  positions  and  lead  of  the  shrouds,  stays, 
and  backstays. 

Mr.  William  J.  Gifford  exhibits  a  model  of  a  rig  intended  to 
serve  a  similar  purpose,  and  which  he  denominates  the  “Gaff-yard 
rig.”  In  this  system  the  yards,  as  well  as  the  gaffs,  are  fore-and- 
aft,  so  as  to  some  extent  to  combine  the  square  with  the  fore-and- 
aft  rig.  The  sails  are  all  bent,  head  and  foot,  and  lie  on  the  wind¬ 
ward  side  of  the  masts. 

LOWERING  BOATS. — In  1851  there  does  not  appear  to  have  been 
any  apparatus  exhibited  for  lowering  ships’  boats  into  the  water. 
The  usual  means  of  doing  so  were  so  defective  as  to  excite  the 
attention  of  Parliament,  and  we  find  it  stated,  on  the  authority  of  a 
Committee  of  the  House  appointed  to  inquire  into  the  loss  of  the 
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Amazon  in  1852,  that,  “  the  means  of  lowering  boats  evenly,  and  of 
disengaging  the  tackles  were  wanting  throughout  the  naval  service.” 
The  first  person  who  encountered  the  difficulties  of  the  problem 
successfully  was  Mr.  Charles  Clifford,  one  of  the  exhibiters  in  Class 
12  (2659)  (Fig.  203).  His  method  certainly  fulfils,  and  fulfils  admir¬ 
ably,  the  conditions  indicated  in  the  above-mentioned  report.  By  it 
the  several  operations  of  unlashing  the  boat  from  the  ship’s  side,  of 
lowering  evenly,  and  of  disengaging,  are  made  the  simple  result  of 
one  single  act,  viz.,  paying  off  a  hand-line  by  one  only  of  the  boats’ 
crew  sitting  in  the  boat.  In  lowering  the  boat,  it  cannot  cant  or 
turn  over ;  one  end  cannot  enter  the  water  before  the  other ;  and  it 
is  released  when  it  reaches  the  water.  After  the  boat  has  been 
raised  by  the  tackles,  the  pendants,  c  c,  which  are  secured  to  the 


Clifford’s  Boat-lowering  Apparatus. 

davit  heads  are  rove,  and  the  lashings  set  up.  It  is  then  ready 
for  lowering,  which  is  done  from  the  boat  itself.  On  slacking  off 
the  lowering  line,  b,  the  roller,  a,  revolves,  and  the  pendants,  c, 
are  unwound  evenly  as  the  boat  descends  into  the  water,  when  the 
pendants  being  tapered  at  the  ends,  overhaul  themselves,  and  the 
boat  is  perfectly  free.  This  of  course  presumes  that  nothing  inter¬ 
feres  with  the  free  passage  of  the  ropes,  as  they  render  through  the 
blocks.  .  An  accident  of  this  kind  is  possible,  though  it  can  hardly 
be  considered  probable.  Experience  has,  in  fact,  shown  that  but 
little  danger  is  to  be  apprehended  in  this  respect.  The  controlling 
power  is  obtained  by  the  blocks,  d,  which  nip  the  ropes  when 
the  weight  is  on  them,  and  check  the  velocity  of  descent.  This 
power  in  the  block  to  reduce  the  strain  on  the  lowering  line,  enables 
one  man  to  control  the  descent  of  the  heaviest  boat,  while  the  line 
will  run  free  as  soon  as  the  weight  of  the  boat  is  taken  by  the  water, 


and  the  lowering  line  let  go.  The  block  was  designed  for  this 
special  purpose,  and  serves  it  perfectly.  The  steadying  lines,  e, 
from  the  block  to  the  boat’s  side,  prevent  the  boat’s  canting.  The 
lashings,  G,  for  securing  the  boat  to  the  ship’s  side,  are  self-act¬ 
ing,  and  are  made  in  two  parts,  which  are  held  together  by  a  lan¬ 
yard,  K.  After  the  lashings  are  passed  round  the  boat,  and  the 
thimbles,  H,  in  their  ends,  slipped  up  the  prongs,  pointing  down¬ 
wards,  I,  the  lanyard,  K,  is  drawn  tight,  and  the  boat  held  fast  to 
the  ship.  As  the  boat  descends  the  thimbles  pass  down  the  prongs, 
and  the  boat  is  unlashed.  F  are  single  blocks  on  the  keel,  bearing 
the  weight  of  the  boat. 

The  great  amount  of  public  attention  drawn  to  the  subject  by  Mr. 
Clifford’s  success  brought  other  inventors  into  the  field.  The  most 

remarkable  among  these  plans 
are  those  of  Messrs.  Wood  & 
Rogers,  and  of  the  late  Captain 
Kynaston,  R.N. 

In  the  apparatus  exhibited  by 
Messrs. W ood  &  Rogers  (F ig.  204) 
the  usual  method  of  lowering  from 
within  the  vessel  is  retained — 
the  crew  of  the  boat  having  the 
means  of  releasing  it  at  pleasure. 
This  is  a  very  great  improve¬ 
ment  upon  the  ordinary  system, 
and  is  simple  and  inexpensive. 
Its  advantages,  as  compared 
with  that  system,  are  that  much 
greater  stability  is  given  to  the 
boat  while  it  is  hanging  to  the 
slings,  so  as  to  prevent  it  canting 
during  the  operation  of  lowering ; 
also  that  when  it  reaches  the 
water,  instead  of  being  released 
at  the  wrong  moment,  or  one 
end  before  the  other,  as  is  often 
the  case  in  the  ordinary  way, 
the  crew  can,  as  in  Clifford’s 
mode,  choose  the  moment  of 
release,  and  insure  the  release 
of  both  ends  of  the  boat  together. 
The  deviation  from  the  ordinary 
arrangements  for  boat-lowering 
is  so  slight,  and  the  apparatus 
so  simple,  that  it  is  difficult  to 
understand  why  owners  and 
captains  of  sea-going  ships 
should  neglect  to  avail  them¬ 
selves  of  such  manifest  advan¬ 
tages.  This  mode  of  lowering 
does  not  possess  all  the  advantages  of  Clifford’s,  but  viewed  as  a 
departure  from  the  old  mode,  it  is  certainly  less  open  to  the  objec¬ 
tions  of  persons  prejudiced  against  novelties. 

The  boat  is  suspended  by  slings,  which  are  hooked  to  blocks  and 
tackles,  by  means  of  which  the  boat  is  raised  or  lowered.  Along 
each  side  of  the  boat  rods  extend  beneath  the  thwarts  and  through 
the  eyes  of  the  slings,  which  are  inserted  into  slots  formed  in  the 
fore  and  after  thwarts.  The  rods  are  jointed  at  the  central  part 
of  the  boat  to  a  transverse  horizontal  shaft,  which  has  fast  to  it 
a  hand-lever  extending  downwards  towards  the  floor  of  the  boat. 
When  this  hand-lever  is  raised  the  transverse  shaft  is  turned  upon 
its  axis,  which  has  the  effect  of  releasing  the  boat  by  withdrawing 
the  rods  from  the  eyes  of  the  slings,  thus  leaving  the  boat  free,  the 
slings  remaining  attached  to  the  lowering  tackles. 

The  apparatus  exhibited  by  Mr.  Kynaston  has  the  same  kind  of 
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advantages  over  the  ordinary  mode  as  those  possessed  by  Wood  & 
Rogers.  As  compared  with  Clifford’s  it  has  the  advantage  of  cheap¬ 
ness,  although  it  is  certainly  inferior  to  his  in  the  means  of  lowering 
the  boat  Captain  Kynaston  considered  that  it  was  not  usually 


necessary  or  prudent  to  confine  the  power  of  lowering  the  boat  to 
a  single  person  in  the  boat;  and  retaining  the  ordinary  practice  of 
lowering  from  the  ship,  the  two  falls  being  carried  to  one  cleat 
within  board,  he  confined  his  attention  to  a  simple  mode  of  releasing 
the  boat  in  an  instant,  and  both  ends  together  (Fig.  205). 


Fig.  205. 


It  will  be  seen  from  the  above  figure  that  the  entire  invention 
consists  in  connecting  the  boat  with  the  tackles  by  means  of  a  slip- 
hook.  The  hook  proper  consists  of  two  parts — the  forked  shank 
and  the  hook.  The  lower  end  of  the  hook  is  drawn  to  by  a  line 
rove  over  sheaves  in  both  of  them.  When  this  line  is  slacked  out 
the  lower  end  of  the  hook  rises  to  the  horizontal  position,  and  the 
hook  slips  from  the  tackles.  To  disengage  the  boat  it  is  therefore 


necessary  to  let  go  the  line,  which  is  to  be  done  by  the  coxswain 
when  all  is  ready.  By  this  movement  both  hooks  are  set  free, 
without  disengaging  the  line  at  the  other  end  of  the  boat.  The  ring 
is  intended  to  prevent  the  tackle  from  unhookiDg  itself  by  the  lifting 

of  the  boat,  and  also  to  afford  the 
means  of  securing  the  hook  by 
a  relieving  bolt,  when  it  is  neces¬ 
sary  to  detach  the  lines  for  any 
temporary  purpose.  This  hook 
may  be  usefully  employed  for  tow¬ 
ing  boats,  and  laying  out  heavy 
anchors. 

Mr.  George  Watson  also  employs 
a  very  ingenious  arrangement  of 
slip-hook  for  releasing  the  boat, 
the  two  hooks  being  freed  simul¬ 
taneously  by  a  lever,  attached  to 
a  bar  which  runs  from  one  end  of 
the  boat  to  the  other. 

ANCHORS,  &c. — Among  the 
various  anchors  exhibited,  that  of 
Mr.  Trotman  (Fig.  206)  occupies 
the  most  prominent  position.  A 
model  of  that  supplied  to  the  War¬ 
rior  is  exhibited  by  Messrs.  Hawks, 
Crawshay,  &  Sons,  of  Newcastle- 
on-Tyne ;  and  another  of  the 
anchor  supplied  to  Her  Majesty’s 
yacht  is  exhibited  by  Mr.  Trotman 
himself.  We  observe  also  models 
of  the  same  anchor  in  some  of  the 
foreign  courts.  That  it  is  superior 
to  all  the  old  forms  of  anchor  is 
unquestionable ;  but  where  an  old 
form  has  been  tried  for  years  and 
has  rarely  failed  to  do  its  duty,  it  is  a  work  of  time  to  introduce  a 
novelty  upon  the  perfect  success  of  which  the  safety  of  the  ship 
and  crew  often  depends. 

A  formidable  competitor  has,  however,  entered  the  field.  There 
are  two  exhibiters,  Emil  Rettig  (2797)  and  Henry  Jeula  (2789),  of 
the  same  anchor,  known  as  Martin’s  anchor  (Fig.  207).  According 
to  the  published  reports  of  a  public  trial  at  Newcastlc-on-Tyne  in 
August,  1859,  it  appears  that  three  anchors  were  tried  in  the  presence 
of  the  Members  and  Brethren  of  the  Trinity  House  at  that  place. 
One  of  these  was  a  Rogers’,  weighing  seven  and  a  half  cwts. ;  the 
others  were  respectively  Martin’s  and  Trotman’s,  each  weighing  five 
and  a  half  cwts.  It  appears  from  the  report  that  on  a  trial  of  holding 
power  Rogers’  anchor  was  found  to  be  inferior  to  both  the  others, 
and  that  Trotman’s  anchor  was  dragged  by  Martin’s  even  when  it 
was  loaded  with  an  additional  two  cwts.  With  regard  also  to  quick 
holding — a  most  important  quality  in  an  anchor — Martin’s  showed 
a  decided  superiority  over  both  its  competitors.  The  advantages 
claimed  for  this  anchor,  and  most  of  which  undoubtedly  belong  to 
it,  are  quick  holding,  great  holding  power,  no  liability  to  fouling, 
easily  catted  or  taken  to  pieces  and  stowed  away,  easily  tripped 
and  fished,  lightness,  and  cheapness. 

WINDLASS. — The  very  excellent  windlass  known  as  “  Emerson 
and  Walker’s  ”  is  also  shown  by  two  exhibiters.  It  has  the  advan¬ 
tage  of  forming  at  pleasure  either  a  slow  or  a  quick  purchase,  and 
may  be  worked  either  with  handles  or  by  a  capstan. 

Mr.  C.  Moore  of  Swansea  exhibits  a  windlass  worked  by  two 
vertical  endless  screws,  which  are  themselves  set  in  motion  by  a 
capstan,  the  diameter  of  which  is  equal  to  the  distance  between  the 
screws. 

Messrs.  Roberts  &  Symonds  exhibit  a  double  windlass  to  which 


Fig.  204. 
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a  powerful  brake  is  attached,  and  which  they  propose  to  substitute 
for  the  capstans  in  large  and  heavy  ships.  This  windlass  is  expected 


The  first  English  patent  for  the  machinery  we  are  about  to 
describe,  was  granted  on  lGth  of  June,  1858.  Its  object  was  said 


to  do  the  combined  work  of  capstan,  bitts,  and  stoppers.  It  occupies  to  be  to  cheapen  the  construction  of  small  boats  by  reducing  the 


Fig.  206. 


Trutman’s  Anchor. 


less  space  than  the  capstan,  which  requires  a  clear  working  space  of 
some  twenty-six  feet,  and  it  may  be  used  for  any  purpose  on  board 
requiring  a  strong  and  steady  purchase. 


Fig.  207. 


Martin’s  Patent  Anchor. 


BOATBUILDING. — In  this  department  a  most  important  advance 
has  recently  been  made,  by  the  completion  of  machinery  for  making 
every  part  of  a  boat  from  designs  furnished  by  Mr.  Nathan  Thompson. 
A  company  is  in  course  of  formation  for  carrying  out  this  invention 
in  the  thorough  manner  which  it  deserves.  We  are  quite  satisfied 
that,  exclusive  of  material,  the  cost  of  producing  boats  by  this  ma¬ 
chinery  is  not  at  present  one-fifth  the  cost  of  hand  labour ;  and  it  is 
certain  that  the  saving  will  be  much  more  than  this  when  the  com¬ 
pany  absorbs,  as  it  must  do,  a  large  portion  of  the  demands  of  our 
own  sea-faring  population  and  of  that  of  other  countries,  for  these 
common  necessaries  of  nautical  existence. 

We  have  many  confirmations  of  the  statement  made  by  the 
exhibiters,  that  by  the  aid  of  this  machinery,  a  cutter  thirty-two  feet 
in  length,  and  seven  feet  three  inches  wide,  can  be  completed  from 
the  rough  timber  in  from  five  to  six  hours.  Such  marvellous  power 
of  machinery  must  eventually  drive  hand  labour  out  of  the  field. 

Mr.  Ihompson  has  spent  many  years  in  perfecting  his  arrange¬ 
ments.  As  early  as  1855  he  took  out  an  English  patent  for  improve¬ 
ments  in  boats.  In  1857  a  second  patent  was  obtained  for  improve¬ 
ments  in  collapsible  boats  and  pontoons. 


time  required  for  building  them,  and  at  the  same  time  employing 
labour  of  a  less  expensive  character.  It  was  said  to  consist  of  a 
certain  apparatus  for  sustaining  and  confining  the  parts  which  make 
up  the  frame  of  a  small  boat  in  the  same  relative  position  that  they 
occupy  in  the  finished  boat,  and  in  certain  useful  accessories  to 
such  an  apparatus;  it  being  understood  that  the  apparatus  is  of  use 
only  when  several  boats  of  the  same  model  or  pattern,  or  nearly  so, 
are  to  be  constructed.  Provision  was  made  for  increasing  the 
length  by  separating  the  frame  in  the  middle.  On  the  13th  of 
September,  1860,  a  further  patent  was  granted,  embracing  the  vari¬ 
ous  improvements  which  are  embodied  in  the  machinery  of  which 
models  are  exhibited  (2759),  and  of  which  we  furnish  illustrations 
(Figs  208  to  214). 

The  apparatus  referred  to  above  for  sustaining  and  confining  the 
parts  which  make  up  the  frame  of  the  boat  is  an  essential  feature  of 
the  invention.  In  its  simplest  form,  it  consists  of  a  frame  constructed 


Fig.  20?. 


Thompson  s  Boat-building  Machinery — Boring  Machine. 


of  suitable  pieces  of  timber,  generally  about  four  to  six  inches  in 
width,  and  about  two  inches  in  thickness,  running  in  a  direction 
from  stem  to  stern,  and  about  ten  inches  apart.  These  are  secured 
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to  pieces  of  timber  placed  transversely,  so  that  the  whole,  when 
united,  form  the  exact  shape  of  the  boat.  This  is  called  by  the 
inventor  the  assembling  form.  A  modified  and  more  elaborate 
form  is  now  used. 


Fig.  209. 


Gig  Saw  for  Cutting  out  Knees. 


In  getting  out  the  ribs,  the  first  operation  is  to  form,  by  sawing 
or  otherwise,  a  plank  into  about  the  length  of  the  ribs  which  are  to 
be  cut  therefrom,  having  from  end  to  end  the  thickness  and  taper  of 
the  ribs.  These  planks  are  then  steamed  and  bent  on  suitable  forms, 
by  which  the  required  twist  and  bend  is  given  to  them.  If  a  rib 
be  of  an  S  shape — that  is,  if  it  consist  of  a  convex  and  concave 


Fig.  210. 


Bevelling  Machine. 


Fig.  211. 


1 

ITid 

Bevelling  the  St  rakes. 


shape,  it  is  pressed  between  two  surfaces  or  forms  of  the  desired 
convexity  or  concavity.  After  the  planks  have  become  set  and 
dry,  they  are  released  and  sawn  into  strips,  each  of  which  will 
form  a  rib. 

One  of  the  most  novel  arrangements  of  machinery  in  this  inven¬ 
tion  is  that  which  has  been  devised  for  hollowing  the  plank  trans¬ 
versely,  the  planks  being  in  every  case  cut,  and  not  bent,  to  the  form 
required  for  laying  upon  the  ribs.  The  changing  forms  of  the  ribs 
make  it  necessary  that  the  amount  of  concavity  in  the  plank  which 
has  to  fit  upon  them  should  be  variable,  and  that  there  should  be  a 
corresponding  amount  of  convexity  in  the  outer  surface,  which 
should  be  parallel  to  the  inner  surface.  To  effect  this,  there  are  two 
cutters  moving  on  horizontal  axes  parallel  to  each  other,  One  of 
these  cutters  is  hollow  and  the  other  round,  so  that  the  plank  being 
fed  between  them  is  cut  or  planed  on  both  upper  and  lower  sides  at 
the  same  time.  In  order  to  vary  the  amount  of  curvature,  the  incli¬ 
nation  of  the  axes  of  the  cutters  to  the  direction  on  which  the  plank 
is  fed  is  varied.  In  this  way,  when  the  cutters  are  working  at  right 
angles  to  the  plank,  the  curvature  is  slight;  but  when  they  diverge 


from  this,  the  cut  gradually  deepens.  In  order  to  regulate  this, 
certain  figures  are  marked  on  the  plank  as  it  enters  the  machine, 
having  reference  to  the  curvature  of  the  particular  ribs  against  which 
the  plank  is  to  lie,  and  indicating  the  degree  of  inclination  to  be 
given  4,0  the  rotating  cutters. 

Some  of  the  collections  of  models  of  boats  are  exceedingly 
interesting. 

Those  exhibited  by  Mr.  Wentzell,  of  Lambeth  and  of  the  Crystal 
Palace,  are  marvels  of  lightness. 

Messrs.  Searle  of  Lambeth  also  maintain  the  renown  previously 
acquired  by  them. 

Mr.  Biffen  of  Hammersmith  exhibits  some  wager  boats,  made  up 
in  pieces  for  convenience  of  packing  for  overland  carriage.  He 
succeeds  in  stowing  large  boats  into  a  very  small  space. 

Fig.  212. 


Fig.  213. 


Bevelling  Stern-board. 


Planing  Machine. 


Mr.  Halkett  of  Holborn,  London,  exhibits  a  cloak-boat,  a  knap¬ 
sack-boat,  and  a  new  life-boat.  The  cloak-boat,  which  is  intended 
to  enable  travellers  to  cross  small  rivers  and  streams,  does  not  weigh 
more  than  7  lbs. 

The  knapsack-boat  is  constructed  of  stronger  canvas,  and  will 
hold  three  or  four  men.  It  has  been  employed  very  satisfactorily 
by  Sir  R.  M'Clure  and  Dr.  Rae  in  their  polar  expeditions.  It  weighs 
about  25  lbs. 

The  life-boat  is  made  of  No.  1  canvas,  roped  as  necessary.  It  is 
from  thirty  to  thirty- five  feet  long,  but  can  be  rolled  up  and  stowed 


Fig.  214. 


Hollowing  the  Plank  Transversely. 


away  like  a  spare  sail.  Inside  the  canvas  cylinders  forming  the 
boat,  there  are  other  cylinders  of  india-rubber  cloth  which  can  be 
inflated  by  ten  or  twelve  men  in  about  six  minutes.  After  infla¬ 
tion  the  canvas  takes  the  shape  of  a  boat  capable  of  floating  more 
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than  one  hundred  men,  with  provisions  for  a  fortnight.  It  is  pro¬ 
pelled  by  eighteen  oars,  and  although  rather  slow,  is  exceedingly 
stable  and  safe.  Mr.  Halkett  also  exhibits  a  sail  ladder  for  ena¬ 
bling  the  women  and  children  to  be  easily  passed  down  into  the 
boat  in  case  of  need. 

Mr.  Henry  Twyman  of  Ramsgate  exhibits  a  lugger  life-boat,  which 
seems  to  be  a  well-formed  and  serviceable  boat. 

The  exhibition  of  the  Royal  National  Life-boat  Institution  attracts 
great  attention,  and  will,  we  hope,  tend  to  secure  for  it  a  still 
greater  measure  of  the  public  patronage  it  so  well  deserves.  In 
1851  there  was  a  large  display  of  models  of  life-boats,  constructed  by 
competitors  for  the  prize  of  one  hundred  guineas  offered  by  the  Duke 
of  Northumberland.  Shortly  after  that  a  design  was  prepared  tor  the 
Institution  by  Mr.  J.  P.  Peake,  the  present  master  shipwright  of 


Devonport  Dockyard,  embodying  the  best  points  of  several  of  the 
competing  designs.  This  design,  of  which  illustrations  are  given 
(Figs.  215  to  218),  was  adopted  by  the  Institution,  and  is  the  best  life¬ 
boat  in  existence.  It  possesses  in  the  highest  degree  all  the  quali¬ 
ties  which  it  is  desirable  a  life-boat  should  possess  1.  Great  lateral 


stability.  2.  Speed  against  a  heavy  sea.  3.  Facility  for  launch¬ 
ing  and  for  taking  the  shore.  4.  Immediate  self-discharge  of  any 
water  breaking  into  her.  5.  The  important  advantage  of  self- 
righting,  if  upset.  6.  Strength.  7.  Storage  room  for  a  number  of 
passengers. 

It  appears  that  the  number  of  lives  saved  by  the  life-boats  of  the 
Society,  and  other  means,  since  its  formation,  is  upwards  of  12,200. 
For  these  services,  82  gold  medals,  704  silver  medals,  and  £15,250 
in  cash  have  been  granted  as  rewards.  The  Institution  has  also 
expended  nearly  £60,000  in  life-boat  establishments. 

FOREIGN. — It  was  a  matter  of  complaint  in  1851  that  so  few 
models  or  designs  were  contributed  by  foreign  countries  to  that 


part  of  Class  8  in  that  arrangement  which  corresponds  to  Class  12 
in  the  present  Exhibition.  There  is  a  decided  improvement  to 
be  noted  in  this  respect,  although  the  great  maritime  powers  have 
contributed  but  little  towards  it. 

France  has  done  still  less  than  in  1851.  At  that  Exhibition 
there  was  one  model  of  a  ship,  sent  by  M.  Schneider  of  Creuzot, 
but  this  time  there  is  not  one.  This  is  not  to  be  ascribed,  we  are 
credibly  informed,  to  any  want  of  interest  on  the  part  of  the  ship¬ 
builders  of  France,  some  of  whom  had  made  preparations  for  con¬ 
tributing,  but  to  the  sovereign  will  and  pleasure  of  the  emperor. 
There  is  therefore  scarcely  any  class  so  meagre  in  the  French  cata¬ 
logue  as  Class  1 2.  There  are  a  few  cork  jackets  and  swimming 
belts ;  a  little  hemp  and  wire  rigging,  and  fishing  apparatus  ;  a  fog 
bell ;  and  models  of  M.  Delvigne’s  howitzers  for  conveying  lines  to 
shipwrecked  vessels.  M.  Bouquie  exhibits  also  a  canal 
boat,  having  a  small  steam  engine  erected  on  its  deck 
for  hauling  in  a  towing  rope  to  which  other  canal  boats 
are  attached,  which  it  is  desired  to  draw  into  the  posi¬ 
tion  occupied  by  the  first  boat.  M.  Pecoul  of  Marseilles 
is  the  exhibiter  of  a  sounding  log,  which  obtained  a 
prize  medal  at  the  French  International  Exhibition  of 
1855.  It  is  intended  to  measure  the  velocity  and 
direction  of  currents ;  to  measure  the  speed  of  the 
ship  more  accurately  than  the  ordinary  log  ;  to  give 
warning  of  the  approach  of  land ;  and  finally  to  sound 
without  being  obliged  to  stop  the  way  of  the  vessel. 
It  consists  of  a  hollow  copper  vessel  of  a  pyramidal 
form,  capable  of  supporting  a  weight  of  six  or  seven 
pounds,  the  base  of  the  pyramid  being  an  equilateral 
triangle,  and  the  other  faces  isosceles  triangles.  At 
the  top  of  the  pyramid  is  a  small  pulley,  over  which 
the  log  line  passes.  This  line  continues  to  slide  over 
the  pulley  until  the  plumb  reaches  the  bottom,  when 
the  copper  vessel  changes  its  position  by  the  sudden 
removal  of  the  weight,  and  nips  the  line  by  a  spring, 
thereby  arresting  it  and  marking  the  depth.  When 
the  apparatus  is  only  to  be  used  for  measuring  speed 
in  the  deep  sea,  an  arrangement  is  made  for  prevent¬ 
ing  the  line  from  running  through  beyond  a  certain  distance,  the 
plumb  in  this  case  serving  to  keep  the  log  steady. 

dhere  is  also  a  very  good  model  of  an  arrangement  for  hauling 
up  ships  for  repair,  which  serves  at  the  same  time  for  a  launching 
slip.  It  is  exhibited  by  M.  T.  Labat  of  Bordeaux,  and  is  a  model 
of  the  arrangement  employed  by  M.  Louis  Arman,  shipbuilder  of 
Bordeaux.  It  consists  of  an  inclined  plane  or  broad  slip,  built  on 
the  river  side,  having  a  declivity  of  7  in  100.  The  upper  end  of 
it  is  a  little  higher  than  the  highest  tide  mark,  and 'the  lower  end 
is  from  16  to  20  feet  below  the  high  water  mark.  A  number  of 
sleepers  are  laid  parallel  to  each  other  at  intervals  along  this  slip 
way,  extending  from  the  lower  or  outer  edge  of  the  slip  to  the  upper 
edge.  Up  and  down  these  ways  one  or  more  carriages  travel, 
attached  by  a  series  of  pulleys  to  a  shaft  running  along  the  upper 
edge  parallel  to  the  edge  of  the  water,  and  worked  by  a  steam 
engine.  This  carriage  has  blocks  laid  upon  it  to  receive  the  vessel, 
and  is  run  out  sufficiently  far  to  allow  the  vessel  requiring  to  be 
hauled  up  to  be  floated  on  to  it, 

M.  Salette  of  Marseilles  exhibits  a  model  of  a  holding  windlass, 
something  like  that  known  in  England  as  Gryll’s.  It  is  worked  by 
an  ordinary  cross-bead. 

Austria  contributes  a  model  of  the  express  passenger  steamboat, 
Franz-Josef,  the  property  of  the  Imperial  and  Royal  Austrian 
Danube  Steam  Navigation  Company  of  Vienna.  It  is  an  extremely 
pretty  model,  having  its  feathering  paddles  and  its  steering  apparatus 
kept  constantly  in  motion  by  internal  machinery.  It  has  the  mis¬ 
fortune  to  be  badly  placed  in  the  Machinery  Annexe,  where  it  is 


Fig.  215. 


Fig.  216. 
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likely  to  escape  llie  attention  of  the  visitor.  Its  dimensions  are  as 
follows : — 


Ft. 

In. 

Length, 

.  1G5 

0 

Breadth, 

Draught  of  water, 

.  26 

0 

.  3 

6 

Horses  Power,  nominal, 

120 

The  average  speed  is  said  to  be  fifteen  miles  per  hour.  The  engines 
are  by  Messrs.  Rennie.  The  number  of  vessels  belonging  to  this 
company,  and  which  run  between  Ratisbon  and  Galatz,  is  stated 
to  be  121 ;  100  of  them  being  paddle  steamers,  and  the  remainder 
propelled  by  screws.  This  model  was  exhibited  at  Paris  in  1855 
and  obtained  a  prize. 

GERMANY  sends  us  also  a  very  well-made  model  of  a  merchant 
frigate,  designed  by  C.  F.  Steinhaus,  architect,  Hamburg.  From 
the  same  town  we  have  some  well-made  corrugated  metal  boats  and 
buoys,  exhibited  by  the  Eisern  Boot  Bau  Company. 

RUSSIA. — From  Russia  we  have  an  interesting  model  of 
Nelson’s  old  flag  ship,  the  Victory ,  exhibited  by  A.  Ilaaker  of  St. 
Petersburg.  There  are  also  two  half  models,  made  in  allernate  layers 
of  mahogany  and  cowdie,  one  of  a  51 -gun  frigate,  and  the  other 
of  a  sloop  of  war.  There  is  nothing  worthy  of  remark  either  in  them 
or  in  the  small  model  of  the  111 -gun  ship,  Emperor  Nicholas  I. 

DENMARK. — From  the  navy-yard  at  Copenhagen  we  have  a  very 
interesting  model,  consisting  of  the  foremost  and  after  portions  of  the 
Niels  Iuel  frigate,  in  which  the  details  of  construction  are  shown. 
She  differs  from  our  frigates  in  having  a  slight  forecastle,  and  a  poop 
extending  over  and  abaft  the  screw  well.  The  foremost  gun  fights 
through  ports,  formed  below  the  forecastle  in  a  very  peculiar  man¬ 
ner  by  oblique  timbers.  The  head  is  built  out  like  the  clipper  ships, 
so  that  there  are  no  head  rails.  She  has  the  elliptical  stern  usual 
in  English  ships,  but  has  no  quarters  or  badge.  In  England  these 
are  considered  necessary  ornaments  in  such  a  form  of  stern,  but  it 
must  be  owned  that  the  stern  of  this  model  is  made  to  look  exceed¬ 
ingly  well  without  them.  The  stern  rails  are  each  finished  on  the 
turn  of  the  quarters  with  a  small  carved  scroll,  and  just  before  them 
on  the  broadside  there  is  a  carved  dolphin  on  each  side.  The  Home 
Department  at  Copenhagen  exhibit  a  model  of  a  large  diagonal-built 
life-boat,  evidently  intended  for  rough  work. 

SWEDEN  does  but  little.  M.  C.  E.  Grondahl  of  Stockholm  sends 
a  drawing  of  a  merchant  ship,  and  a  model  is  expected ;  but  it  has 
not  arrived  at  the  time  of  writing  this  notice.  There  is,  however,  a 
very  interesting  contribution  recently  added,  consisting  of  a  portion 
of  the  bow  of  an  iron  steamer  which  ran  stem  on  to  a  rock.  She 
had  a  plate  stem,  on  each  side  of  which  the  half-inch  plates  of  the 
bottom  are  bolted.  The  edges  of  the  plates  are  single-rivetted.  The 
stem  is  broken  off  at  about  the  five  feet  water  line,  and  the  portion 
above  is  bent  quite  round  against  the  plates  of  the  bow.  The  bottom 
plating  has  held  on  firmly  to  it,  and  been  carried  round  with  it. 
We  are  informed  that  the  vessel  started  again  at  once,  and  reached 
her  port  safely.  One  can  but  form  a  favourable  opinion  both  of  the 
material  and  workmanship  produced  at  Motala,  where  the  ship  was 
built.  Some  well-made  chain  cables  from  Furndal  Iron  Works, 
D.ilecarlia,  are  also  exhibited. 

NORWAY  has  a  much  more  interesting  display.  A.  Dekke,  ship¬ 
builder  of  Bergen,  exhibits  some  very  pretty  models  of  vessels  of 
modern  form.  C.  H.  Brunchorst  of  Bergen  has  a  drawing  and  model 
of  a  sailing  ship  of  seven  hundred  tons,  constructed  according  to  the 
system  so  well  known  in  England  as  Chapman’s  parabolic  system. 
Ellertsen  and  Jens  Gran,  of  Bergen,  are  also  exhibiters.  Hoel  of 
Christiania  has  a  model  of  a  sailing  ship,  with  some  fancied  novelties 
in  steering  gear  and  other  matters.  But  it  is  the  models  of  the  Nor¬ 
wegian  pilot-boats,  and  the  Nordland  fishing  craft,  which  are  most 
interesting,  coming,  as  they  do,  from  the  cradle  of  English  marine 
architecture,  and  the  home  of  the  old  Sea-kings.  They  are  very 


simple  in  construction,  clinker-built  for  the  most  part,  and  undecked, 
but  with  a  broad  beam  running  well  aft,  and  a  bow  very  deep  and 
full  aloft,  just  fitted  for  the  stormy  billows  of  the  North  Sea.  There 
is  also  in  the  Norwegian  collection  a  very  fine  anchor  forging 
(seventy  hundredweights),  from  the  mechanical  works  of  the  royal 
navy  at  Horten,  Some  of  the  ropemakers’  work  from  Bergen  is  of 
excellent  quality. 

SWITZERLAND  too  contributes  something  worthy  of  remark.  We 
find  in  the  catalogue  that  Messrs.  Escher,  Wyss,  &  Company  of 
Zurich  exhibit  two  compound  cylinder  marine  engines  for  shallow 
river  navigation.  These  engines,  which  are  a  pair  of  thirty-horse 
condensing  engines,  are  fitted  in  a  section  of  an  iron  vessel,  such  as 
is  built  by  this  firm.  All  the  iron  required  for  this  purpose  is  sent 
from  England  in  a  rough  state,  and  is  worked  up  into  the  ship  and 
engines  by  Swiss  workmen;  the  fuel  employed  being  also  exported 
from  Englaud.  The  vessel  building  to  take  these  engines  is  one 
hundred  and  sixty-five  feet  long,  and  sixteen  feet  six  inches  broad, 
with  three  feet  six  inches  draught  of  water,  and  one  hundred  and  thirty 
tons  displacement.  Her  frames  are  of  angle  iron,  2%"  X  If"  X  i"> 
19  inches  apart,  and  the  plates  of  the  bottom  are  3-I6ths  of  an  inch 
thick.  The  steam  pipes  and  other  portions  of  the  engines,  made 
of  native  copper,  are  beautiful  specimens  both  of  material  and  work¬ 
manship. 

BRAZIL. — While  Spain  and  Portugal,  of  ancient  renown,  send  not 
a  single  vessel  to  the  International  Display,  the  young  empire  which 
has  grown  out  of  the  Portuguese  colony  shows  considerable  activity 
in  naval  matters.  We  have  models  of  ships  from  the  imperial 
arsenal  at  Rio  Janeiro,  models  from  two  shipbuilding  firms  in  the 
neighbourhood  of  the  capital,  and  also  from  the  government  arsenal 
in  the  distant  province  of  Pernambuco.  The  first-named  models 
consist  of  an  excellent  model  of  a  28-gun  screw  frigate,  the  Nic- 
theroy ;  the  imperial  yacht — a  paddle  steamer;  a  screw  sloop  of 
war,  and  a  sailing  brig.  The  whole  of  these  were  designed  by  Sr. 
Napoleao  Level,  who  was  sent  by  the  Brazilian  government  some  few 
years  ago  to  study  shipbuilding  in  this  country.  This  he  did  in  the 
establishment  of  Messrs.  R.  &  H.  Green,  of  Blackwall,  and  with  such 
success  that  he  has  since  conducted  the  government  establishment 
at  Rio  Janeiro  with  very  great  credit.  By  continuing  to  pursue 
this  wise  policy  of  sending  promising  young  men  into  the  dockyards 
and  factories  of  Europe,  that  government  now  has  active  shipwright 
and  engineer  officers  at  Rio  Janeiro,  Bahia,  and  other  places,  who 
have  been  trained  in  England,  and  are  now  repaying  it  by  the  exer¬ 
cise  of  their  knowledge  and  skill  in  constructing  their  growing  navy. 
The  English  firm  of  Miers,  Brothers,  &  Maylor,  has  models  of  shallow 
draft  paddle  steamers.  The  Ponta  da  Area  Company,  which  is 
superintended  by  Mr.  Mansell,  also  exhibits  models  of  paddle 
steamers. 

UNITED  STATES. — Mr.  E.  Sickles,  of  New  York,  exhibits  in  the 
Western  Annexe,  a  very  clever  application  of  steam  power  as  an 
auxiliary  in  steering.  In  this  apparatus  the  rudder  and  steering 
wheel  occupy  their  usual  positions,  and  the  tiller  ropes  are  led  from 
the  barrel  of  the  wheel  to  the  tiller  in  the  ordinary  manner.  When 
it  is  considered  desirable,  the  ship  may  be  steered  by  these  without 
the  use  of  the  auxiliary  power. 

Immediately  in  the  rear  of  the  wheel  there  is  a  small  steam  engine, 
consisting  of  two  inverted  cylinders,  raised  above  the  deck,  and 
placed  opposite  each  other  in  an  athwart-ship  direction.  They 
incline  inwards  at  the  lower  part,  and  their  piston-rods  are  attached 
to  cranks  on  a  small  shaft  lying  near  the  deck,  in  a  fore-and-aft 
direction.  On  this  same  shaft  there  are  two  other  cranks,  with 
connecting  rods  attached  to  them,  which  work  the  steam  slides  to 
the  two  cylinders.  On  the  end  of  this  shaft,  nearest  to  the  steering 
wheel,  there  is  a  pinion,  which  is  driven  by  a  toothed  wheel  set  on 
the  steering  wheel  shaft.  When  it  is  desired  to  employ  the  auxiliary 
power,  the  toothed  wheel  which  works  the  pinion  is  thrown  into 
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gear  with  the  steering  wheel.  Then  when  the  helmsman  turns  the 
wheel  the  crank-shaft  turns,  the  slide  valves  open,  and  the  steam 
power  immediately  comes  to  his  aid,  and  continues  to  do  so  so  long 
as  he  works  the  valves.  The  engine  exhibited  has  already,  we  are 
informed,  done  good  service  in  a  steamboat  employed  in  the  navi¬ 
gation  of  a  very  difficult  channel. 

COLONIES,  &c. — Our  own  colonies  and  foreign  possessions  are 
also  exhibiters  in  marine  architecture.  In  the  collection  from 
Nova  Scotia,  for  example,  Mr.  Ebenezer  Moseley,  ship-builder  of 
Halifax,  sends  models  and  drawings  descriptive  of  what  he  con¬ 
siders  to  be  a  new  mode  of  framing  ships,  in  which  the  frames  are 
placed  diagonally,  the  heads  of  the  frames  at  both  ends  of  the  ship 
inclining  towards  midships.  By  this  means  he  considers  the  frames 
will  have  less  bevelling,  and  the  ship  will  not  be  liable  to  “  hogg¬ 
ing.”  We  are  afraid  the  idea  is  not  only  not  new,  but  practically 
useless.  From  Queensland  we  have  either  a  disciple  or  a  rival  of 
Mr.  J.  Scott  Russell ;  we  can  hardly  tell  which.  The  model 
exhibited  is  at  any  rate,  called  by  the  exhibiter,  Mr.  William  Pet¬ 
tigrew,  a  wave-line  ship. 

From  Bermuda  we  have  two  remarkable  yachts,  the  Undine  and 
Victoria,  which  have  an  enormous  breadth  of  beam  and  depth  of 
keel ;  one  of  them  is,  in  fact,  as  deep  as  she  is  long.  These 
peculiarities  will,  of  course,  enable  them  to  spread  a  large  quantity 
of  sail  with  safety. 

New  Brunswick  contributes  a  curious  windlass,  exhibited  by  Mr. 
J.  Goodman.  It  is  worked  by  a  vertical  beam,  which  has  a  vibrat¬ 
ing  motion.  The  upper  end  of  the  beam  carries  a  horizontal  pawl, 
and  the  lower  end  an  oblique  pawl,  each  of  them  entering  alter¬ 
nately  the  ratchet  in  the  windlass,  and  pushing  the  barrel  round. 
It  may  be  driven  either  by  a  capstan  on  the  forecastle,  or  by 
handles. 

The  steering  apparatus  exhibited  by  Mr.  Allen  consists  simply 
of  a  sector  on  the  rudder-head,  turned  by  a  bevelled  cog-wheel. 

From  Vancouver  there  are  models  of  steamers,  which  show  con¬ 
siderable  originality  of  design  and  skill  in  execution. 

TIMBER  FOR  SHIP  -  BUILDING  PURPOSES.  —  The  magnificent 
display  of  timber  from  Tasmania,  Western  Australia,  Upper  and 
Lower  Canada,  and  New  Zealand,  comes  before  English  ship¬ 
builders  at  an  unfortunate  time.  Just  now  iron  has  it  all  its  own 
way,  and  timber  is  in  disfavour.  Nevertheless,  the  interest  of  the 
show  will  not  be  confined  to  architects,  builders,  and  cabinet¬ 
makers.  Ship-builders  must  still  share  with  them  the  study  of  the 
qualities  and  value  of  the  almost  innumerable  varieties  of  forest 
timber  which  have  found  their  way  to  South  Kensington.  Blue- 
gum  and  huon  pine,  jarrah  and  tuart,  white  oak,  rock  elm,  and 
red  pine,  must  be  extensively  used  for  years  to  come,  if  we  have 
not,  as  some  predict,  to  return  to  them  once  more  as  our  ship¬ 
building  staple.  To  one  who  has  been  long  familiar  with  the 
timbers  and  planking  which  have  been  the  bone  and  sinew  of  our 
grand  old  line-of-battlo  ships,  these  close-grained  logs,  bent  by 
nature  into  the  curves  of  floors  and  knees,  half  encourage  a  hope 
that  better  days  are  dawning  for  the  shipwrights,  whose  broad  axes 
and  cross-cut  saws  lie  rusting,  while  platers  and  riveters  fill  our 
dockyards  with  their  incessant  din. 

The  Tasmanian  trophy  is  exceedingly  interesting.  The  commis¬ 
sioners  exhibit  here  some  beautiful  specimens  of  blue-gum.  One 


of  them,  in  a  form  suitable  for  a  ship’s  knee,  has  a  depth  across 
the  throat  of  3  feet  6  inches,  with  a  siding  or  thickness  of  15  inches  ; 
and  the  arms  are,  one  8  feet,  and  the  other  15  feet  long. 

Hitherto  this  timber  has  been  but  little  known  except  by  name  ; 
but  ship-builders  have  now  an  excellent  opportunity  of  seeing  for 
themselves  the  capabilities  of  this  monarch  of  the  forest.  The  tree 
frequently  measures  as  much  as  30  feet  in  diameter  of  the  base, 
and  attains  such  a  height  that  logs  may  be  obtained  from  it  of 
almost  any  dimensions,  up  to  200  feet  in  length. 

It  possesses  the  characters  of  great  strength  and  durability. 
Specimens  of  blue-gum  planking  are  exhibited,  which  have  been  in 
use  forty-five  years.  In  the  same  trophy  is  another  wood,  which  is 
scarcely  known  in  England — the  Huon  pine.  Some  specimens  of 
this  timber  are  as  beautiful  as  birds’-eye  maple,  and  would  make 
excellent  panelling  for  cabins.  A  whale  boat  is  exhibited,  made  of 
a  plainer  variety  of  the  same  material.  It  is  said  to  be  remarkable 
for  its  durability.  Some  excellent  planking  of  myrtle  wood  also 
forms  a  part  of  this  trophy.  From  Western  Australia  we  have  a 
very  fine  collection  of  native  woods,  the  best  of  which  are  already 
known  in  England.  The  Jarrah,  commonly  called  “  mahogany  ”  in 
Australia,  has  qualities  very  similar  to  those  of  Moulmein  and 
Malabar  teak  ;  while  it  has  a  property  peculiar  to  itself  of  being 
free  from  injury  by  white  ants  and  sea-worms.  In  proof  of  this, 
several  specimens  are  sent  which  have  been  in  use  for  several 
years.  One  is  a  pile  from  a  jetty  which  is  still  standing  in  South 
Bay,  Freemantle,  and  which  was  built  in  the  year  1832.  The  pile 
exhibited  was  taken  up  in  July,  1861,  for  the  purpose  of  exhibition 
in  London,  and  shows  no  signs  of  having  suffered  from  the  attack 
of  the  worm,  which  in  those  seas  destroys  every  other  kind  of  wood 
in  a  very  short  time.  Another  equally  good  specimen,  which  has 
been  under  water  seventeen  years,  is  sent  by  the  Royal  Engineer 
Department  at  Freemantle.  Satisfactory  proofs  are  also  furnished 
that  it  is  not  subject  to  the  attack  of  the  white  ant.  The  suitability 
of  this  timber  for  keel  pieces,  keelsons,  dead  wood,  &c.,  is  already 
well  known  by  English  builders. 

In  Australia  vessels  of  considerable  burthen  have  been  built 
almost  entirely  of  this  wood,  and  copper  sheathing  has  been  dis¬ 
pensed  with,  the  planking  being  found  to  be  indestructible.  Tuart 
is  a  hard  close-grained  wood,  of  very  large  growth.  Some  slabs 
of  this  timber,  of  great  length,  and  five  feet  in  breadth,  are  ex¬ 
hibited  by  the  Commissioners  for  Western  Australia. 

The  Canadian  collection  is  one  of  great  importance.  Canada 
exports  annually,  we  are  informed  by  the  Commissioners,  30,000,000 
cubic  feet  of  timber  in  the  rough  state,  and  about  400,000,000  square 
feet  of  sawn  timber.  She  could,  however,  do  vastly  more  than  this, 
and  her  people  are  naturally  anxious  that  their  forest  wealth  should 
be  better  known,  and  that  a  more  extended  market  should  be  open 
to  them.  Of  the  sixty  or  seventy  varieties  of  timber  produced  in 
Canada,  there  are  only  five  or  six  kinds  which  have  an  extensive 
sale,  and  the  exports  referred  to  above  consist  almost  exclusively  of 
these.  The  remaining  varieties  are  left  to  perish  in  the  forests,  or 
are  destroyed  by  fire  for  the  purpose  of  clearing  the  ground. 

A  very  complete  and  valuable  catalogue  of  the  products  of  the 
woods  and  forests  of  Canada,  has  been  prepared  by  Drs.  Taclffi  of 
Quebec  and  Hurlbert  of  Hamilton,  the  gentlemen  under  whose 
direction  the  collection  was  made. 
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ARCHITECTURAL  CONSTRUCTION  OF  BUILDINGS. 
BUILDING  CONTRIVANCES  AND  DECORATIONS. 


By  G.  R.  Burnell,  Esq.,  C.E.,  F.G.S. 


'  T  may  be  asked  whether  the  great 
Industrial  Exhibitions  of  late  years 
have  in  any  important  respects 
advanced  Architecture  ?  Are  they 
likely  so  to  do  in  future  ?  These 
questions  have  been  rarely  discussed ; 
and  if  at  all,  it  has  only  been  from  a 
narrow,  practical  point  of  view,  leav¬ 
ing  aside  the  broader  and  more  abstract 
considerations  affecting  the  interests  of  Archi¬ 
tecture  as  a  pure  Art — a  mode  of  discussion  so 
incomplete,  as  really  to  leave  the  public  utterty 
without  guidance  in  forming  an  opinion  with  respect 
to  the  action  and  reaction  of  these  institutions,  and 
of  the  “chief  Art”  of  civilized  nations.  Before  entering, 
therefore,  upon  the  description  of  the  mechanical  improve¬ 
ments  in  the  technical  details  of  buildings  collected  at 
South  Kensington,  it  may  be  desirable  to  endeavour  to  trace  the 
influence  of  the  great  International  Exhibitions  upon  contempo¬ 
raneous  architecture.  The  space  of  time  thus  to  be  travelled  over 
is  but  short ;  it  only  extends  from  1851  to  the  present  day  ;  never¬ 
theless,  such  gatherings  as  our  first  Exhibition,  the  Paris,  Dublin, 
Manchester,  New  York,  and  Florence  Exhibitions  must  have  exer¬ 
cised  some  decided  influence,  for  good  or  for  evil,  in  this  important 
phase  of  man’s  intellectual  development. 

As  to  the  majority  of  the  buildings  themselves  in  which  these 
shows  have  been  held,  the  architect  of  cultivated  taste  finds  it  diffi¬ 
cult  to  speak  of  them  in  terms  of  condemnation  which  would  be 
sufficiently  energetic  to  express  the  disappointment  they  have  pro¬ 
duced  in  all  lovers  of  true  art.  Emphatically,  the  majority  of  the 
Exhibition  buildings  have  been  nothing  more  than  huge  shed 
bazaars.  At  Florence  there  seems  to  have  been  some  attempt  to 
introduce  the  principles  of  architectural  design  in  the  building  in¬ 
tended  to  receive  the  display  of  Italy’s  reviving  industry ;  but  the 
effort  was  not  eminently  successful,  nor  can  the  Florentine  building 
be  regarded  as  in  anywise  advancing  the  solution  of  the  problem 
of  “  how  to  express  monumentally  the  great  social  and  industrial 
movements  of  the  age.”  In  the  interior  of  the  Palais  de  l’lndustrie 
there  is,  however,  a  combination  of  air  and  light,  a  boldness  of  con¬ 
struction,  and  an  elegance  of  outline  in  the  parts,  which  are  strictly 
in  keeping  with  the  purposes  for  which  the  building  was  erected. 
It  was  unfortunate  that  the  principal  building  was  not  large  enough 
to  receive  the  collection  of  goods  sent  for  exhibition  in  1856,  and  that 


it  became  necessary  to  erect  a  series  of  temporary  sheds,  or,  to  use 
the  cant  phrase  of  the  day,  “annexes,”  of  a  very  “rough  and  ready,” 
inartistic  character,  in  order  to  accommodate  several  descriptions 
of  goods ;  whilst  at  the  same  time  the  principal  elevation  of  the 
Palais  de  l’lndustrie  was  designed  upon  the  false  system  now  in 
fashion  amongst  French  architects,  of  wasting  ornamental  details 
without  reference  to  the  internal  usages  of  the  structure.  The  prin¬ 
cipal  entrance,  for  instance,  was  logically  inconsistent,  though  perhaps 
on  the  whole  effective  ;  for  the  introduction  of  the  order  supporting 
the  cornice,  upon  the  impost  of  the  great  arch,  broke  the  unity  of 
this  part  of  the  composition,  and  the  attic  above  the  cornice  is  intro¬ 
duced  without  reference  to  the  general  design — apparently,  indeed, 
only  for  the  purpose  of  receiving  the  sculpture.  The  general  effect 
of  the  entrance  is,  however,  bold,  and  it  constitutes  a  centre  to  the 
design  ;  and  whatever  may  have  been,  indeed,  the  defects  of  the 
elevation  of  the  Palais  de  l’lndustrie,  it  was  a  very  fair  sample  of 
the  style  prevalent  in  France  during  its  erection ;  and  it  is  still  the 
only  existing  building  possessing  anything  like  a  claim  to  the  title 
of  a  worthy  architectural  expression  of  the  wants  of  the  age  in  these 
matters,  feeble  though  that  claim  may  be  in  itself. 

The  interior  of  the  Palais  de  l’lndustrie,  and  the  whole  structure 
of  the  Yolksvliet  of  Amsterdam,  prove,  however,  that  there  are  still 
in  existence  architects  able  to  design  Exhibition  buildings  charac¬ 
terized  by  originality,  boldness,  and  elegance,  both  of  design  and  of 
construction.  It  was  therefore,  we  conceive,  a  fatal  mistake  to  have 
failed  to  appeal  for  a  design  for  the  building  of  1862  to  the  whole 
body  of  architects. 

It  is  of  little  use  now  regretting  the  course  adopted  by  the  Com¬ 
missioners  and  by  the  Society  of  Arts,  for  the  mischief  resulting  from 
the  bad  taste  of  the  Exhibition  buildings  has  been  effected,  and  can¬ 
not  be  undone;  and  conscious  of  the  uselessness  of  its  consideration 
now,  we  are  compelled  to  turn  from  the  inquiry  as  to  the  influence 
of  the  buildings  for  these  periodic  gatherings  upon  the  interests  of 
pure  art,  to  the  consideration  of  the  practical  lessons  to  be  derived 
from  the  goods  assembled  by  their  instrumentality.  These  are  of 
a  twofold  character;  firstly,  in  so  far  as  the  goods  may  exhibit 
design,  or  illustrate  the  method  of  applying  raw  materials  to  con¬ 
structive  purposes;  secondly,  in  so  far  as  they  are  actually  applied 
in  the  execution  of  buildings.  The  models  of  important  buildings 
form  a  class  of  objects  hardly  included  under  either  of  these  heads  of 
classification  ;  but  they  are  of  such  value  to  the  student  that  it  may 
even  be  worth  while  to  notice  some  of  those  now  to  be  found  in  the 
International  Exhibition,  even  before  turning  our  attention  to  the 
new  processes  or  to  the  new  materials. 

Of  the  models,  the  collection  exhibited  by  the  Minister  of  Public 
Works  of  France  is  certainly  the  most  striking,  and  the  structures 
represented  by  them  unquestionably  show  that  the  French  engineers 
of  the  present  day  maintain  the  honourable  reputation  of  the  body 
to  which  they  belong.  It  is,  in  fact,  a  part  of  the  education  given  to 
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the  “  Aleves  de  l’ecole  des  Ponts  et  Chaussees”  that  they  should 
attend  a  course  of  architecture,  and  the  present  professor,  M.  Rey- 
naud,  is  a  deep  student  of  the  laws  of  applied  {esthetics.  The  earlier 
members  of  the  “corps  royal  des  Ponts  et  Chaussdes”  were,  it  may 
also  be  observed,  architects  as  well  as  engineers;  even  Perronet 
himself  adopted  the  title  of  “  Architecte  du  Roi.”  The  consequence 
has  been  that,  both  by  tradition  and  by  the  regular  course  of  study, 
the  French  engineers  are,  as  a  general  rule,  men  of  a  more  culti¬ 
vated  artistic  taste  than  is  the  case  with  the  engineers  of  other 
countries.  Fortunately  for  them,  moreover,  the  abundance  of  fine 
building  stones  to  be  obtained  in  almost  every  part  of  France,  has 
rendered  it  easy  to  give  to  the  engineering  structures  of  their 
country  a  bold  monumental  character,  which  can  hardly  be  given 
where  brick  is  (as  it  is  with  us)  the  principal  building  material;  and 
the  fact  that  the  engineers  of  the  Ponts  et  Chaussees  work  with 
the  money  of  the  state,  enables  them  to  treat  the  political  economy 
of  their  works  with  less  attention  than  would  be  required  in  purely 
speculative  operations.  There  is,  therefore,  about  some  of  the 
modern  French  engineering  works  an  air  of  monumental  grandeur 
which  is  pleasing  at  least  to  the  artist;  and  though  the  economy 
which  has  promoted  the  large  employment  of  wrought-iron  hori¬ 
zontal  girders  has  affected  our  neighbours  equally  with  ourselves, 
and  led  them  to  adopt  the  ungraceful  combinations  of  vertical  and 
horizontal  lines  to  be  observed  in  so  many  modern  bridges,  as,  for 
instance,  in  the  Kehl,  the  Bordeaux,  and  the  Fribourg  bridges  and 
viaducts,  yet  still  the  execution  of  the  viaducts  of  Chaumont,  and  of 
Nogent  sur  Marne,  proves  that  the  influence  of  early  art  teaching 
has  not  been  entirely  lost  amongst  the  French  engineers.  The  out¬ 
line  of  the  Phare  des  Barges  illustrates  the  existence  of  this  feeling 
in  another  peculiar  branch  of  the  profession;  and  it  may  even  be 
detected  in  such  works  as  those  connected  with  the  harbour  of 
Cherbourg,  Marseilles,  Havre,  Brest,  St.  Nazaire,  &c.  The  models 
and  plans  of  the  subterranean  works  of  Paris  may  likewise  be 
specially  recommended  to  the  notice  of  the  engineering  student, 
though  perhaps  the  subjects  they  represent  hardly  fall  within  the 
range  of  architectural  practice.  The  persons  who  selected  the 
models  under  consideration  have,  it  may  be  added,  wisely  refrained 
from  receiving  illustrations  of  the  modern  bridges  of  Paris ;  for  there 
is  about  the  latter  an  affectation  of  prettiness,  an  abuse  of  ornamental 
detail,  which  is  sadly  out  of  place  in  such  works. 

The  models  of  English  civil  engineering  works  furnish  a  singular 
commentary  on  some  of  the  above  remarks,  for  they  are,  generally 
speaking,  characterized  by  the  deficiency  of  artistic  feeling  to  be 
expected  from  men  who  affect  to  despise  the  study  of  the  laws  of 
{Esthetics,  in  order  to  devote  themselves  to  the  excessive  study  of 
statics  and  dynamics.  Indeed  the  prodigal  use  of  wrought-iron,  and 
the  prevalent  opinions  on  the  subject  of  its  most  economical  appli¬ 
cation,  are  to  some  extent  opposed  to  the  introduction  of  taste  into 
the  designs  of  bridges,  roofs,  viaducts,  &c.,  executed  principally  in 
that  material ;  and  there  is  something  incongruous  in  the  attempts 
of  some  of  our  engineers  to  resort  to  the  styles  of  the  middle  ages, 
which  are  essentially  the  expression  of  romantic  feelings,  whereas 
engineering  structures  are  essentially  utilitarian  and  rational.  It 
is  worthy  of  more  than  passing  remark,  moreover,  that  the  new 
Iron  age  has  not  succeeded  as  yet  in  eliminating  for  itself  any  origi¬ 
nal  or  appropriate  form  of  art.  Do  we  nowadays  reason  too  much? 
Evidently  we  have  lost  that  faculty  of  sensation  which  is  required 
for  artistic  creation,  and  at  least  our  architects  and  engineers  con¬ 
tent  themselves  with  a  species  of  eclectic  reproduction  of  the  forms 
of  past  stages  of  man’s  history,  which  is,  from  the  very  nature  of  the 
principles  it  is  framed  upon,  entirely  devoid  of  expression  or  of 
vitality.  There  is  a  deep  philosophy  about  these  questions  of  the 
origin  of  style  which  we  should  do  well  to  investigate  just  now ;  and 
there  maybe  some  semblance  of  analogy  in  them  with  the  much  vexed 
question  of  the  origin  of  species  in  matters  organic.  Do  styles  arise 


by  development,  by  spontaneous  generation,  or  by  natural  selection? 
or  is  each  a  special  act  of  mental  creation  ?  If  these  questions  were 
solved,  it  is  possible  that  many  useless  efforts  might  be  spared,  and 
that  the  labours  of  art  students  might  at  once  be  directed  to  the 
proper  channel;  and  on  that  score  it  is  that  we  venture  to  allude  to 
such  distant  theoretical  subjects.  In  the  sequel  their  bearings  upon 
our  especial  studies  may  perhaps  become  apparent,  even  to  exclu¬ 
sively  practical  men. 

To  return,  however,  to  the  models  of  English  civil  engineering 
works,  attention  may  be  called  to  the  almost  universal  prevalence  of 
the  combination  of  plain  parallel  vertical  lines  in  the  points  of  sup¬ 
port,  with  plain  parallel  horizontal  lines  in  the  materials  by  which  the 
openings  are  spanned.  Both  on  the  score  of  scientific  construction, 
and  of  optical  effect,  this  is  objectionable ;  for  a  pier  with  parallel 
sides  cannot  be  loaded  evenly  throughout  its  height,  and  therefore, 
if  its  sectional  area  at  the  bottom  be  sufficiently  great,  the  same  sec¬ 
tional  area  at  the  top  must  be  unnecessary.  Again,  the  depth  of  a 
girder  ought  to  be  greater  at  the  centre  of  the  span  than  upon  the 
bearings ;  and  means  should  always  be  taken  to  guard  against  the 
tendency  of  all  framings  in  the  form  of  parallelograms  to  flatten  by 
turning  upon  the  outer  edges  of  the  piers.  In  the  Villetre  viaduct,  the 
Tagus  and  the  Burraker  bridges,  by  Mr.  Kennard,  all  these  defects 
are  to  be  seen  ;  and  though  no  doubt  the  results  obtained  are  satis¬ 
factory  on  the  score  of  economy,  there  can  be  no  reason  why  that 
commercial  quality  should  not  have  been  combined  with  a  little  more 
taste.  The  Crumlin  viaduct,  gossamer-like  as  it  is,  proves  indeed 
that  Mr.  Kennard  can  do  better  things  than  the  “  bridge-by-the-mile” 
works  first  mentioned.  The  models  of  the  Albert  and  of  the  Chepstow 
bridges  prove  in  their  turn  that  it  is  very  possible  to  unite  intense 
ugliness  with  the  display  of  great  scientific  knowledge,  and  also  to 
increase  the  poignancy  of  the  regret  for  the  modern  separation  of 
the  professions  of  engineer  and  architect.  The  models  of  the  Ath- 
lone  bridges  over  the  Shannon,  by  Mr.  Heman,  and  of  the  Boyne 
viaduct,  by  Sir  J.  MacNeil,  are  in  better  taste,  but  still  unsatisfac¬ 
tory  to  the  artist,  on  account  of  the  ill-arranged  sky  lines,  and  the 
awkward  combinations  of  the  vaulted  ends  with  the  girder-spanned 
centre  openings.  The  models  of  the  Taptee  and  the  Bassein 
viaducts  are  simply  ugly,  and  that  of  the  viaduct  on  the  South  Dur¬ 
ham  and  Lancashire  Union  Railway  displays  in  an  exaggerated 
form  all  the  defects  of  the  Crumlin  design.  The  constructor  may 
learn  something  from  the  models  of  the  bridge  over  the  Wheeling 
Creek  of  100  feet  span,  or  of  the  Monongahela  bridge  of  three  spans 
of  200  feet  each  ;  but,  considered  aesthetically,  they  are  even  more 
to  be  avoided  than  our  own  English  merely  commercial  works.  A 
very  interesting  series  of  models  is  the  one  illustrating  our  light¬ 
houses,  and  they  may  be  referred  to  at  present  with  more  interest 
on  account  of  the  attacks  lately  made  upon  our  light-house  adminis¬ 
tration.  Mr.  Walker  may  indeed  refer  with  satisfaction  to  the 
Bishop’s  Rock,  the  Smalls,  and  the  Hanois  light-houses ;  but  his 
attempt  at  Gothic  architecture  in  the  St.  Katherine’s  light-house  is 
about  on  a  par  with  engineers’  Gothic  in  general.  Mr.  Stevenson’s 
Skerryvore,  and  Mr.  Halpen’s  Fastnet  Rock  light-houses  are  fine 
works,  and  indeed  the  whole  of  the  arrangements  for  lighting  our 
coasts,  as  here  exhibited,  are  unexceptionable ;  we  of  course  speak 
with  more  especial  reference  to  the  style  of  the  architecture  of  the 
towers  themselves,  but  we  cannot  refrain  in  passing  from  expressing 
a  similar  opinion  on  the  other  details  of  the  system. 

Of  Architectural  Models,  strictly  speaking,  there  are  but  few  in 
the  International  Exhibition.  That  of  the  Milan  Cathedral  is  a 
work  of  surpassing  merit  as  a  reproduction  of  a  celebrated  building, 
but  it  strikingly  illustrates  the  inappropriateness  of  the  Arckitettura 
Tedesca  to  the  Italian  genius  ;  for  throughout  it  is  easy  to  discover 
the  tendency  of  the  local  artists  and  workmen  to  return  to  the 
traditions  and  practice  of  the  classical  periods.  The  cork  model  of 
Lincoln  Cathedral  is  a  curious  specimen  of  patient  labour  somewhat 
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ill  employed  ;  but  the  great  model  of  the  new  Bourse  at  Berlin  is 
the  most  interesting  of  this  class  of  objects,  on  account  of  the  illus¬ 
tration  it  affords  of  the  tendency  of  architectural  studies  amongst 
the  intelligent  nations  of  Northern  Germany.  This  direction  has 
been  of  late  mainly  influenced  by  the  sesthetical  principles  of  the 
idealistic  school  of  Hegel,  just  as  the  modern  French  school  has  been 
influenced  by  the  teachings  of  the  eclectic  philosophers ;  and  the 
English  and  the  South  German  schools  by  the  critical  writings  of 
the  romantic  school.  The  new  Bourse,  in  fact,  bears  evidence  of  a 
desire  to  suggest  ideas  of  beauty  beyond  those  immediately  embodied 
in  the  work  itself,  and  its  merit  is  precisely  in  its  suggestive  effect. 
Some  of  its  details  are  objectionable  no  doubt ;  as  for  instance,  the 
entablature  of  the  lower  colonnade  on  the  principal  elevation  is  far 
too  poor  in  character  when  compared  with  the  very  elaborate 
columns  on  which  it  rests,  and  the  introduction  of  two  stories  within 
the  upper  order  is  a  logical  blunder,  for  which  unfortunately  too 
many  authorities  are  to  be  found;  the  skyline  of  the  building  is 


ment  from  our  architects  would  suffice  to  revive  amongst  us  the  art 
of  Quintyn  Matsys.  Messrs.  Hart  &  Sons  have  also  some  good  speci¬ 
mens  of  wrought-iron  work,  some  examples  of  which  we  have  engraved 
(Figs.  220  to  222).  Mr.  Skidmore’s  screen  for  Hereford  Cathedral 
is  a  perfect  masterpiece  of  brass  work,  as  correctly  designed  as  it  is 
conscientiously  executed  ;  but  we  are  far  from  entertaining  an  equally 
warm  admiration  for  the  designs  of  the  Oxford  Museum,  about  which 
so  much  has  been  talked  by  the  extreme  mediaeval  critics.  Of  course 
the  merit,  or  demerit,  of  the  designs  in  either  case  does  not  regard 
Mr.  Skidmore,  and  he  is  only  responsible  for  the  mechanical  execu¬ 
tion,  and  that  is  unexceptionable  ;  but  we  must  take  this  opportunity 
of  saying  that  it  seems  to  us  a  grievous  error  to  attempt  to  reproduce 
by  ribs  formed  of  thin  sheet-iron  the  part  played  in  real  mediaeval 
buildings  by  the  deeply-splayed  and  elaborately-moulded  marble  or 
stone  ribs  used  in  the  groined  vaultings  of  that  period.  The  ribs 
of  the  Oxford  Museum  seem  indeed  to  us  to  be  great  mistakes,  and 
utterly  opposed  to  the  true  principles  of  mediaeval  art.  However 


Fig.  219. 


Kennard’s  Cast-iron  Entrance  Gates  and  Railing. 


broken  by  groups  of  sculpture,  but  there  is  no  reason  for  introduc¬ 
ing  sculpture  in  such  places,  and  the  upper  outline  of  the  building 
itself  is  deficient  in  variety  and  picturesqueness.  Nevertheless,  the 
building  must  be  a  fine  one,  and  the  architect  would  do  well  to 
examine  this  model  attentively. 

Amongst  the  articles  in  the  Exhibition  which  illustrate  the  present, 
state  of  the  arts  of  design  at  home  and  abroad,  or  the  method  of 
applying  raw  materials  to  constructive  purposes,  those  which  are 
characteristic  of  the  mode  of  treating  metals  at  the  present  day  are 
the  most  striking.  The  large  gates  by  Messrs.  William  Baily  &  Sons 
are  very  fine  specimens  of  workmanship,  but  equally  with  those  by 
M  essrs.  Kennard,  for  Don  Jose  Salamanca  (Fig.  219),  or  those  by  the 
Coalbrook  Dale  Company,  the  workmanship  of  Messrs.  Baily’s  gates 
is  far  superior  to  the  design.  Mr.  Benham,  of  Wigmore  Street,  has 
some  samples  of  the  application  of  hammered  iron  to  ornamental 
purposes,  very  skilfully  executed,  and  proving  that  a  little  encourage- 


this  may  be,  in  the  course  of  our  review  we  must  call  attention  to  the 
beauty  of  the  brass  works  of  Messrs.  Hart  &  Hardman,  to  the  gas 
fittings  of  Messrs.  Defries,  Hulett  (Figs.  223,  224),  Strode, Verity,  &c. ; 
the  cast-iron  works  of  the  French  founders,  and  of  some  of  our  larger 
country  houses,  such,  for  instance,  as  the  articles  exhibited  by  the 
French  artists  Durenne  and  Ducel,  and  our  own  Coalbrook  Dale, 
Kennard’s,  Carron,  and  other  foundries  ;  observing  simply  that  the 
French  founders  appear  to  work  their  moulds  to  a  better  face  than 
we  usually  do  in  England,  and  to  use  a  hotter  and  more  fluid  metal 
than  we  do.  Some  of  the  French  untrimmed  sand  castings  in  fact 
are  cleaner  and  sharper  than  we  are  accustomed  to  find  in  ordinary 
English  practice.  This  may  be  partially  accounted  for  by  the  quality 
of  the  metal  used,  but  it  is  mainly  attributable  to  more  careful  manipu¬ 
lation;  and  perhaps  also  the  French  founder  is,  as  a  general  rule, 
more  of  an  art  workman  than  is  the  English  founder.  In  the  Spanish 
courts,  too,  we  may  add  that  there  is  a  very  remarkable  specimen 


METAL  WORK 


Gasalieb,  by  Messrs.  Hulett  &  Co.,  Holborn. 


CHANDELIERS  AND  BRACKETS, 


Ffe.l. 


Pig.  4. 


Figs.  1,  2,  and  3,  Gas  Brackets  and  Chandelier,  by  Messrs.  R.  W.  Winfield  &  Son,  Birmingham- 
Fig.  4,  Gas  Chandelier,  by  Messrs.  Hart  &  Son,  Wych  Street. 
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The  “  Norwich  Gates,”  of  Wrought  Iron,  by  Messrs.  Barnard,  Bishop,  &  Barnard. 
Pesigned  and  Superintended  by  Mr.  Thomas  Jeckyll,  of  Norwich  and  of  Fumival’s  Inn. 
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Fig.  1. 


Fig.  3. 


Figs.  1,  2,  and  3  are  the  productions  of  the  Britannia  Works.  Fig.  1,  Lamp  Pillar  and  Street  Fountain.  Fig.  2,  Garden  Fountain.  Fig.  3,  Street  Fountain,  by 
Messrs.  IIandysides  &  Co.,  Derby.  Fig.  4,  Bronze  Vase,  portion  of  a  Drinking  Fountain,  by  Messrs,  Elkington  &  Co.,  London  and  Birmingham. 
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of  the  revived  feeling  for  workmanship  in  metals  for  which  that 
country  was  once  so  famous,  in  the  suspended  silver  chandelier 
from  Barcelona  (No.  1081).  It  is  a  very  well  designed  and  well 
executed  piece  of  ecclesiastical  ornamentation,  in  the  ornate  Ilispano- 
Burgundian  style.  There  are  some  good  samples  of  the  Prussian 
iron,  brass,  and  zinc  castings;  and  the  model  of  Herr  Paulis’  iron 


Messrs.  I-Iart  &  Son’s  Ironwork. 

railway  bridge  over  the  Rhine,  at  Mayence,  may  be  mentioned  on 
account  of  its  light  and  airy  effect,  combined  with  the  scientific 
arrangement  of  the  materials. 

In  our  previous  notice  of  the  building  materials  in  the  Exhibition 
reference  was  made  to  Messrs.  Coignet’s  method  of  employing  con¬ 


crete  for  the  purpose  of  making  artilicial  stone,  and  it  may  be  con¬ 
sistent  here  to  revert  to  this  subject  whilst  noticing  the  new  appli¬ 
cations  of  raw  materials  to  architecture.  Messrs.  Coignet,  in  fact, 
produce  artificial  stones  of  any  required  degree  of  hardness,  by  the 
mixture  of  common  lime  with  sand,  burnt  earth,  pozzuolanic  materials, 
or  cements.  The  mixture  is  effected  by  passing  the  materials  twice 
through  the  pugmill,  with  very  little  water ,  and  then 
by  ramming  the  mortar  firmly  into  moulds  in  thin 
layers.  In  this  manner  Messrs.  Coignet  lay  down 
roads  in  one  piece  from  side  to  side,  and  execute 
bridges  in  perfect  monoliths ;  and  it  would  be  easy 
for  them  to  build  a  whole  house  of  a  homogeneous 
solid  material.  The  colour  of  the  samples  they 
exhibit  is  by  no  means  a  pleasant  one,  but  that 
defect  might  easily  be  rectified;  aud  with  this  trifling 
exception  there  seem  to  be  no  objections,  theoretical 
or  practical,  to  the  execution  of  monolithic  structures 
of  any  size  by  this  process.  In  the  English  part 
of  the  Exhibition  Messrs.  Ransome  &  Company 
(2339)  have  some  samples  of  their  artificial  stone, 
which  have  either  been  added  since  our  first  note 
was  written,  or  which  escaped  our  notice  at  the 
time ;  but  the  process  by  which  these  samples  are 
made  is  so  peculiar  that  it  merits  a  special  mention 
here.  Fine  sharp  pit  sand  is  dried,  and  mixed 
with  certain  portions  of  the  silicate  of  soda  in  a 
pugmill,  and  the  materials  on  leaving  the  mill, 
in  a  state  closely  resembling  moist  brown  sugar,  are 
forced  into  a  mould  with  considerable  pressure. 
They  soon  take  and  retain  the  form  of  the  mould, 
and  on  being  withdrawn  from  the  latter  the  still 
plastic  mass  is  inserted  in  a  solution  of  the  chloride 
of  calcium  for  about  twelve  hours.  It  is  then  with¬ 
drawn,  and  allowed  to  dry  by  gradual  evaporation, 
in  the  course  of  which  operation  a  double  decom¬ 
position  takes  place,  liberating  the  chloride  of  sodium 
on  the  surface  of  the  block,  and  leaving  the  silicate 
of  lime  as  the  cementing  material  of  the  sandstone 
thus  formed.  No  baking  or  other  application  of 
heat  is  required  for  the  process,  which  may  be  in 
fact  carried  on  wherever  sand,  and  the  respective 
chemical  ingredients,  are  to  be  found.  There  may 
possibly  be  some  reason  to  apprehend  that  the  salts 
of  soda  may  effloresce  over  the  surface  of  the  stone 
thus  made,  and  cause  temporary  inconvenience  and 
disfigurement,  but  with  proper  care  it  is  said  that 
this  objection  may  be  obviated  ;  and  if  so,  the  arti¬ 
ficial  silicious  sandstone  must  hereafter  render  great 
services  to  the  building  arts.  Indeed  the  fact  that 
neither  Ransome’s  silicious  stone  or  Coignet’s  lime¬ 
stone  require  burning,  exempts  both  of  them  from 
the  danger  of  warping  in  the  kiln,  which  renders  the 
use  of  terra  cotta  at  all  times  so  hazardous.  Even 
the  singularly  beautiful  moulded  bricks,  and  the 
hollow  tubes,  &c.,  exhibited  by  Messrs.  Eastw’ood, 
Stutter,  Doulton,  &c.,  and  the  terra  cotta  works  of 
Mr.  Blashfield  in  the  present  Exhibition,  illustrate 
the  nature  and  the  extent  of  this  danger  ;  neverthe¬ 
less  it  must  be  a  source  of  regret  that  the  use  even 
of  terra  cotta  is  not  at  the  present  day  more  com¬ 
mon  in  England ;  and  our  artists  aud  architects  would  do  wisely 
to  take  lessons  from  their  German  contemporaries,  or  from  their 
own  predecessors  of  the  Tudor  period,  in  this  matter.  Schinkel  and 
Persius  especially  have  set  good  examples  of  the  application  of 
architectural  decorations  in  earthenware.  Our  manufacturers  of 
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terra  cotta  goods,  subsequent  to  Coade  and  Sealey,  have  been  sadly 
deficient  in  the  enterprise,  and  the  taste  required  to  bring  a  new 
article  into  fashion  in  our  country.  Perhaps  the  abolition  of  the 
excise  on  bricks  may  lead  to  a  change  in  this  branch  of  art. 

The  papier  machf;  decorations, 
Fl°- 223,  exhibited  by  Messrs.  Bielefeld,  G. 

Jackson  &  Sons,  &c.,  are  valuable 
additions  to  the  resources  of  the 
architect;  and  the  material  has  now 
been'so  long  and  so  thoroughly  tried, 
that  it  is  regarded  in  the  profession 
as  a  recognized  element  of  decorative 
art.  The  specimens  in  this  collection 
are  not,  however,  characterized  by 
any  great  novelty  of  design,  nor  do 

Fig.  224. 


Hulett’s  Gas  Fittings. 

they  display  any  remarkable  boldness  of  execution ;  they  are 
simply  good  specimens  of  what  may  be  done  in  a  very  useful 
material.  The  wood-carving  and  the  wall  linings  of  wood,  exhibited 
both  by  our  artists  and  by  those  of  France,  are  often  skilfully 
manipulated ;  but  they  are  more  remarkable  for  the  elaborateness 
of  their  designs  than  for  the  correctness  of  their  taste.  There  is 
rather  a  rage  just  now  for  the  later  Louis  XIV.  and  the  early 
Louis  XV.  style,  with  all  its  cumbrous,  illogical  ornamentation,  its 
frizzled  caryatides,  and  its  broken  circular  pediments;  and  the 
decorative  carvers  have  not  had  the  courage  or  the  sense  to  strive 
against  the  current  The  specimens  of  buhl  and  marqueterie  work 
in  the  furniture  department  are  marked  by  the  same  false  taste,  and 
even  the  incised  and  inlaid  marble  pavements  are  not  free  from  its 
influence,  so  little  are  the  abstract  principles  of  art  studied  by  the 
executive  art  workmen.  These  remarks  may  be  extended  also  to 
the  paper-hangings,  the  leather-cloth,  the  real  leather  wall  linings, 
and  to  the  kamptulicon  and  the  oil  floor-cloths,  in  so  far  as  they 
constitute  architectural  decorations ;  for,  unfortunately,  the  precise 
mode  of  application  of  those  materials  is  rarely  made  to  harmonize 


with  the  surrounding  ornaments,  and  their  own  artistic  design  is 
rarely  of  a  satisfactory  nature.  The  paper-hangings  in  the  Exhibi¬ 
tion  are,  indeed,  of  a  very  inferior  character,  as  works  of  art  at 
least ;  but  the  best  manufacturers  have  refrained  from  exhibiting, 
and  perhaps,  after  all,  the  explanation  of  the  unsatisfactory  state  of 
this  branch  of  the  arts  of  decoration  may  be  found  in  the  fact  that 
it  is  usually  left  to  the  control  of  upholsterers,  instead  of  being 
confided  to  educated  architects.  Some  of  the  patterns  of  the 
kamptulicon  show  that  if  the  m  mufacturers  fell  into  the  guidance 
of  men  of  cultivated  taste,  they  would  be  willing  to  follow  their 
inspiration ;  but  like  all  other  manufacturers,  they  must  work  for 
the  market,  and  make  their  own  taste  yield  to  that  of  their 
employers.  In  this  matter,  as  in  many  others,  the  first  steps 
towards  a  reform  are  to  improve  the  public  taste,  and  to  diffuse 
generally  a  love  and  appreciation  for  true  art ;  it  is  in  vain  to  find 
fault  with  the  fashions  of  a  day,  if  the  people  who  make  fashions 
are  indifferent  to  the  principles  of  design  on  which  those  fashions 
ought  to  be  based. 

The  above  mention  of  the  inlaid  marbles  recalls  to  our  attention 
the  various  applications  of  marbles,  granites,  &c.,  to  decorative 
purposes,  and  to  some  of  the  enamelled  slates  or  scagliola  works, 
occasionally  substituted  for  them.  As  a  general  rule,  it  seems  to 
us  that  all  this  class  of  materials  is  objectionable  for  wall  decora¬ 
tions  in  northern  latitudes,  because  they  are  rapid  conductors  of 
heat  and  non-absorbent,  so  that  if  any  moisture  should  be  present 
in  the  atmosphere  of  a  hall  or  room  lined  with  marbles  or  hard 
stuccos,  it  becomes  condensed  on  the  exposed  surfaces.  In  tropical 
climates,  of  course,  this  objection  ceases  to  apply,  and  the  very 
rapid  conducting  powers  of  the  marbles  become,  on  the  contrary, 
an  element  of  comfort ;  but  the  moral  of  this  lesson  is  simply  that 
it  is  necessary  to  study  all  the  physical  conditions  under  which 
materials  are  to  be  employed,  and  to  avoid  any  attempts  at  dogmatism 
on  the  subject.  With  these  preliminary  remarks  we  may  observe 
that  the  Algerine  onyx  and  the  Pyrennean  marbles  have  been  treated 
by  the  French  decorative  artists  with  singular  skill ;  and  that,  if  the 
correctness  of  the  taste  for  coloured  statuary  be  admitted,  some  of 
the  mixed  statues  of  bronze  and  onyx  display  great  powers  of  blend¬ 
ing  the  two  materials  into  picturesque  and  harmonious  combinations. 
The  various  Italian  white,  veined,  and  coloured  marbles  are  exhi¬ 
bited  as  chimney-pieces,  wall  linings,  pannels,  and  framings,  often 
of  great  beauty,  even  if  the  designs  be  of  questionable  taste ;  indeed 
the  Italian  coloured  marbles  retain  their  traditional  superiority  to 
those  of  all  other  countries,  and  both  the  French  and  Spanish 
Pyrennean  varieties,  and  the  Belgian  marbles  show  in  a  very  inferior 
manner  by  their  side.  Perhaps  the  serpentine  marbles  from  Corn¬ 
wall  may  in  some  places,  and  under  certain  conditions,  enter  into 
competition  even  with  the  Italian  ones;  but  it  is  to  be  observed  that 
the  want  of  homogeneity  of  the  serpentine  exposes  it  to  crack  in  so 
disagreeable  a  manner  when  employed  in  large  slabs  or  in  chimney 
pieces  that  its  use  must  always  be  limited;  and  the  designers  of 
some  of  the  drinking  fountains  exhibited  have  wisely  guarded  against 
this  danger  by  making  their  designs  in  such  a  way  as  to  allow  the 
use  of  small  slabs  of  the  serpentine.  The  polished  granites  in  the 
Exhibition  show  the  nature  and  the  extent  of  the  resources  that 
peculiar  material  is  likely  to  afford  for  architectural  decoration  ;  and 
it  may  be  observed  with  respect  to  their  use  and  to  the  use  of  coloured 
marbles,  that,  whereas  the  latter  rapidly  lose  their  brilliance,  and 
disintegrate  when  used  in  London  externally,  the  granites  when  well 
chosen  resist  the  action  of  our  atmosphere  for  a  time  we  have  not 
yet  been  able  to  limit.  An  inspection  of  the  fa9ade  of  the  Insurance 
Office  in  Bridge  Street,  Blackfriars,  will  show  that  a  very  few  years 
will  suffice  in  London  to  destroy  the  effect  of  a  polychroraic  decora¬ 
tion  executed  in  marble,  whereas  the  granite  columns  of  the  Carlton 
Club,  erected  several  years  before  Messrs.  Dean  and  Woodward’s 
work,  still  retain  their  original  polish  ;  and  whilst  the  various  bronze 
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statues  about  the  town  have  all  become  of  a  uniform  black  colour, 
the  statue  of  William  IV.  in  King  William  Street,  has  retained  for 
nearly  thirty  years  its  original  colour  in  the  very  heart  of  the  city. 
It  would  indeed  seem  that  sufficient  attention  is  not  paid  by  our 
architects  to  the  artistic  capabilities  of  the  granites.  As  to  the 
cements  and  stuccos  used  instead  of  marbles,  all  that  ought  to  be  said 
in  favour  of  them  is  that,  when  very  skilfully  handled  they  make 
good  “  shams  ;  ”  but  their  legitimate  application  is  only  in  the  pro¬ 
duction  of  hard,  even  surfaces  upon  soft  and  irregular  bases  ;  and  it 
may  fairly  be  asserted  that  good  stuccos  and  scagliolas  are  nearly  as 
costly  as  the  real  marbles  they  are  intended  to  imitate.  The  denser 
and  harder  cements  and  plasters,  it  is  true,  render  good  service  in 
architectural  decoration  by  producing  surfaces  fit  for  painting,  or  for 
polychromic  ornament,  and  in  the  French  Court  some  specimens 
of  this  application  may  be  seen.  The  decoration  of  the  Exhibition 
building  itself  is,  however,  a  sufficient  illustration  of  the  difficulty 
and  the  danger  of  this  style  of  decoration,  and  past  experience  seems 
to  confirm  the  impression  we  have  thence  deiived — viz.,  that  plain 
tints  on  large  wall,  ceiling,  or  roof  surfaces  please  in  a  more  per¬ 
manent  manner  than  “picked  out”  ornaments,  or  than  vivid  and 
variegated  colours.  Coloured  decorations,  with  reference  especially 
to  this  building,  we  have  not  space  to  treat  as  the  subject  deserves; 
but  we  may  observe  that  the  effect  of  the  decoration  is,  on  the 
whole,  satisfactory,  in  spite  of  a  little  feebleness  and  uncertainty  of 
tone,  and  that  Mr.  Crace  has  shown  what  may  be  doue  at  a  small 
cost  when  a  cultivated  intellect  is  brought  to  bear  upon  the  details 
of  architecture.  It  is,  however,  unfortunate  that  a  special  artist 
should  be  required  to  conduct  any  such  details,  because  the  requisite 
harmony  of  a  building  can  only  be  obtained  by  its  proceeding  from 
one  mind  ;  or,  in  other  words,  the  architect  alone  ought  to  design 
all  the  parts,  and  to  control  all  the  details,  of  a  building.  The 
exceptional  position  of  Mr.  Crace  as  independent  designer  of  the 
decorations  of  the  International  Exhibition  may  establish  a  precedent 
injurious  to  the  interests  of  true  art,  and  on  this  account  it  seemed 
to  us  desirable  even  to  go  slightly  out  of  our  way,  in  order  to  call 
attention  to  the  danger  attending  the  course  here  followed. 

Of  late  years  the  use  of  glass  for  the  purposes  of  architectural 
decoration  has  assumed  a  very  great  importance,  and  the  samples 
of  that  material  to  be  found  in  the  International  Exhibition  merit  at 
least  a  passing  allusion.  Thus,  Messrs.  Osier  have  some  candelabra 
of  good  design  (Fig.  225) ;  Messrs.  Defries  have  some  large  gasaliers  of 
equivocal  taste,  and  a  niche  lined  with  cut  glass  prisms  singularly 
ugly  and  of  equally  bad  taste  ;  Messrs.  Dobson  have  also  some  large 
gasaliers  by  no  means  superior,  as  works  of  art,  to  those  above 
mentioned  ;  and  in  the  French  and  Belgian  courts  there  are  many 
glass  ornaments  for  analogous  purposes.  All  these  articles  are  well 
cut,  put  together  skilfully,  in  the  majority  of  cases,  with  white 
metal  tubing,  joints,  and  stop-cocks ;  but,  strangely  enough,  whilst 
the  manipulation  of  the  glass  has  thus  of  late  manifestly  improved, 
the  quality  of  the  glass  itself  has  declined  both  at  home  and  abroad, 
for  the  glass  formerly  made  by  the  firm  of  Blades  and  Co.,  or  at 
Baccarat,  is  of  a  purer  colour  and  more  limpid  than  any  now  made. 
The  large  sheets  of  plate  glass  exhibited  by  the  Belgians  are  very 
remarkable  productions,  but  they  are  far  from  being  irreproachable 
on  the  score  of  colour  ;  and,  indeed,  it  seems  to  us  that  the  intro¬ 
duction  of  these  huge  sheets  has  exercised  a  very  injurious  influence 
on  the  street  and  shop  architecture  of  the  age,  because  with  the 
desire  of  introducing  them,  the  proprietors  are  induced  to  strive  to 
hide  in  every  possible  manner  the  points  of  support  of  their  build¬ 
ings,  so  that  the  majority  of  the  houses  above  the  shops  in  all  the 
great  cities  of  the  civilized  world  at  the  present  day  look  as  if  they 
stood  literally  in  the  air.  This  is  an  abuse  of  a  valuable  material. 
In  the  hands  of  a  judicious  architect  it  would  hardly  occur ;  but 
unfortunately  architects  are  less  consulted  in  the  construction  of 
shops,  than  cabinetmakers  and  joiners.  In  the  Exhibition  there  are 


also  some  remarkable  specimens  of  modern  painted  glass,  which 
Fig  225. 


seems  likely  to  resume  its  ancient  importance,  as  a  means  of  archi 
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tectural  decoration  ;  but  at  the  present  clay  the  tendenc}r  of  the 
designers  and  workers  of  this  material  in  England  especially,  is 
rather  too  decidedly  towards  an  archaic  reproduction  of  the  forms 
and  colours  of  the  Mediaeval  period,  to  the  exclusion  of  naturalism, 
and  of  originality.  It  is  to  be  regretted  that  some  of  the  works 
lately  executed  from  the  designs  of  M.  Ingres,  by  the  state  factories 
of  France,  have  not  been  exhibited ;  the  art  student  who  may 
desire  to  learn  the  real  state  of  the  art  of  glass  painting  amongst 
our  neighbours  would,  however,  do  well  to  examine  M.  Ingres’ 
work  in  the  Church  of  St.  Vincent  de  Paul,  at  Paris. 

The  result  of  this  review  of  the  art  materials  in  the  Exhibition, 
as  containing  in  themselves  the  elements  of  design,  is  far  from  being 
satisfactory.  Amongst  our  own  manufacturers  it  is  evident  that 
there  is  abroad  a  spirit  of  inquiry,  and  a  desire  to  introduce  a  more 
decided  feeling  for  art;  but  the  attempts  hitherto  made  to  improve 
the  taste  of  these  goods  have  only  succeeded  in  a  marked  manner 
in  the  branches  of  trade  connected  with  the  ceramic  wares.  There 
is  no  deep,  no  true,  feeling  for  the  beautiful  yet  apparent  in  the 
other  productions  of  articles  intended  for  architectural  decorations, 
and  there  is  still  room  for  the  teachings  of  schools  of  design,  or  of 
professors  of  practical  aesthetics.  Our  metal  workers  are  espe¬ 
cially  deficient  in  taste,  even  whilst  they  are  unrivalled  in  the  per¬ 
fection  and  solidity  of  their  workmanship.  They  have  made  great 
progress  since  the  last  Exhibitions,  and  hitherto  they  have  avoided 
many  of  the  errors  of  the  Continental  schools  of  art,  whose  progress 
indeed  must  be  regarded  with  anxiety  and  pain  by  all  true  lovers  of 
humanity ;  may  our  metal  workers  continue  in  this  independent 
course,  for  it  alone  can  in  the  end  lead  to  the  adoption  of  a  true 
style  !  Whatever  the  shortcomings  of  our  art-workmen  indeed  may 
be,  they  at  least  have  shown  in  this  Exhibition  that  they  can  think 
for  themselves ;  and  so  long  as  this  is  the  case,  the  future  may  be 
regarded  without  anxiety,  however  much  we  may  regret  the  slow 
rate  of  progress  in  the  diffusal  of  taste.  It  may  be  that  the  evil 
thus  supposed  to  exist  arises  quite  as  much  from  the  deficiency  of 
artistic  feeling  amongst  art-patrons  as  it  does  from  the  same 
deficiency  amongst  the  workers,  for  “they  who  live  to  please,  must 
please  to  live.”  It  is  the  duty  of  all,  then,  to  strive  to  diffuse 
correct  principles  of  taste  ;  and  the  more  so,  because  true  princi¬ 
ples  of  taste  cannot  prevail  without  the  contemporaneous  existence 
of  moral  worth. 

The  illustrations  afforded  of  the  application  of  new  materials  are 
by  no  means  numerous  in  the  International  Exhibition,  nor,  indeed, 
can  it  be  said  that  any  great  changes  have  been  introduced  within 
the  last  ten  years,  in  this  respect,  in  the  construction  of  buildings. 
The  mechanical  processes  for  the  rolling  of  large  plates,  girders, 
angle  iron,  &c.,  have  no  doubt  greatly  facilitated  the  construction 
of  bold,  and  even  of  hazardous-looking  structures;  but  the  great 
principles  on  which  the  use  of  wrought-iron  in  these  and  other 
forms  had  been  long  before  determined.  New  stones,  new  varieties 
of  bricks,  new  cements,  &c.,  are  not  likely  to  change  the  face  of  | 


architecture  in  any  essential  degree,  and  the  machinery  lately  intro¬ 
duced  for  the  purposes  of  facilitating  building  operations,  although  it 
may  give  unaccustomed  activity  to  some  branches  of  trade,  does  not 
seem  likely  to  affect  the  expression  of  architectual  design.  It  is 
indeed  remarkable  that  so  little  has  really  been  done  to  substitute 
machinery  for  human  labour  in  the  majority  of  building  trades,  in 
order  to  set  free  the  intelligence  of  the  working  men,  and  to  raise 
them  in  the  scale  of  artisans.  It  is  not  our  province  to  dwell  on 
this  subject ;  but  we  cannot  refrain  from  expressing  an  earnest  desire 
that  the  day  may  soon  arrive  when  ‘‘  the  hewing  of  wood,  and  draw¬ 
ing  of  water,”  shall  cease  to  be  performed  by  men  who  ought  to  be 
employed  about  nobler  things.  In  many  of  the  recently  erected 
buildings  of  France  the  hoisting  of  the  materials,  the  preparation  of 
the  concretes  and  mortars,  &c.,  was  entirely  performed  by  machi¬ 
nery,  but  here  this  seems  rarely  to  be  attempted;  and  although  we 
do  work  iron  and  wood  by  machinery  to  a  very  great  extent,  we  are 
far  from  deriving  all  the  advantages  we  might  do  from  the  machines 
for  converting  other  materials.  In  fact,  this  International  Exhibi¬ 
tion  proves  that  the  recent  progress  of  the  building  arts  has  been  on 
the  whole  favourable — slow,  but  sure.  We  can  perceive  our  actual 
deficiencies,  and  as  they  consist  of  things  of  minor  importance,  there 
is,  we  repeat,  good  reason  for  confidence  in  the  future  destinies  of 
Art,  provided  we  retain  our  independence  of  judgment,  and  avoid 
State  guidance.  Evidently  the  mechanical  arts  applicable  to  build¬ 
ing  purposes  are  now  in  a  state  of  transition,  and  there  is  abroad  a 
spirit  of  inquiry,  a  restless  energy,  a  striving  after  the  attainment  of 
some  standard  of  ideal  beauty,  or  at  least  of  some  expression  of  our 
actual  state  of  civilization,  and  of  our  innermost  thoughts  and  feel¬ 
ings.  The  present  tendency  of  taste  in  England  is  towards  the 
romantic,  and  all  our  building  contrivances,  and  the  elements  of  our 
architectural  decoration,  are  designed  in  that  spirit.  To  some  extent 
this  is  unfortunate,  because  this  tendency  only  represents  one  phase 
of  the  human  mind,  so  multiform,  so  varied  in  its  character  ;  but  all 
deeply  felt  art  is  true,  and  men  who  think  earnestly,  if  left  free,  in 
time  correct  themselves  of  their  exclusive  views.  All  that  is  needed 
for  our  art- workmen  is  to  learn  that  they  have  still  a  boundless  field 
before  them ;  and  that  every  exclusive  school  path  narrows,  and 
finally  destroys,  the  artistic  faculty.  The  public  h  s  in  its  turn  to 
learn  the  lesson  so  important  for  the  promotion  of  art,  viz.,  that  the 
latter  cannot  progress  so  long  as  the  efforts  of  artists  are  not  appre¬ 
ciated  by  their  employers,  and  that  a  public,  careless  and  indifferent 
on  matters  of  taste,  will  infallibly  be  served  with  a  corresponding 
degree  of  the  indifference  they  have  themselves  produced.  All 
must  work  in  unison  to  develope  the  grand  faculties  of  taste,  before 
we  can  truly  be  said  to  be  in  these  matters  “a  great  and  understanding 
people.”  Architectural  decoration,  rightly  considered,  is  a  serious 
study,  as  indicating  the  moral  and  intellectual  state  of  a  nation’s 
mind;  and  the  whole  nation  must  feel  the  importance  of  this  law 
before  the  science  of  architecture,  or  the  taste  for  ornamental  deco¬ 
rations,  can  be  brought  to  a  satisfactory  condition  amongst  us. 
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CIVIL  AND  MECHANICAL  ENGINEERING. 


1.—  FIRST  MOVERS. 

LAND  AND  MARINE  ENGINES— MACHINES  RECIPIENT 
OF  WATER-POWER  OR  TPIAT  OF  WIND— AIR,  AND 
GAS  ENGINES,  &c. 

By  Robert  Mallet,  Esq.,  C.E.,  F.R.S.,  F.G.S. 

OTIIING  so  distinguishes  the  career  of 
modern  nations,  and  has  so  accelerated 
their  advance  in  civilization,  in  con¬ 
tradistinction  to  that  of  the  nations 
of  the  ancient  world,  as  does  the 
discovery,  improvement,  and  now 
wide  application  of  elemental  power. 
The  first  notion  of  power  that  un¬ 
taught  man  acquires,  is  that  of  mus¬ 
cular  energy  in  himself  and  other 
animals,  dependent  upon  will  in 
himself;  by  which  he  soon  learns  to 
dominate  over  and  employ  the  labour 
of  his  fellows  and  of  some  lower  animals,  singly  or  combined.  Thus 
the  slavery  and  drudgery  of  life  in  the  earliest  cradles  of  mankind, 
which  heaped  up  pyramids  with  unholpen  hands,  which  “  watered 
the  land  with  the  foot,”  which,  nineteen  hundred  years  ago,  still 
found  “  women  grinding  at  the  mill,”  and  which  turned  the  refractory 
slave  to  labour,  as  our  proverb  has  it,  “like  a  mill  horse”  in 
pistrinam,  as  we  learn  from  the  comedy  of  Terence. 

While  in  any  country  the  great  mass  of  the  people  are  condemned 
thus  to  an  unceasing  animal  drudgery,  to  return  their  own  subsistence 
and  the  luxuries  of  a  very  few,  progress  for  the  race  is  impossible. 
“  How  shall  he  that  toileth  all  day  long  have  knowledge,”  was 
Solomon’s  reflection  on  the  state  of  things  around  him.  Civilization, 
well  described  as  “  the  greatest  happiness  for  the  greatest  number,” 
is  inconsistent  with  a  state  of  society  in  which  all  that  the  ruling 
classes  consume,  must  be  produced  by  the  unmitigated  toil  and 
degradation  of  the  mass  of  the  people.  Just  in  proportion  as  the 
exertions  of  those  who  toil  are  aided  and  systematized  by  the 
employment  of  force-evolving  machines,  will  there  result  surplus 
wealth,  more  and  more  leisure  for  all,  an  educated  class  spreading 
wider  and  lower,  general  affluence,  the  “  knowledge  that  is  power,” 
liberty,  equal  laws,  health,  longevity ;  in  a  word,  all  that  is  man’s 
proper  destiny — progression  in  happiness. 

No  discoveries  then  have  ever  been  made,  that  have  equalled  in 
their  beneficent  influence  upon  mankind  those  of  prime  movers, 
though  others,  like  gunpowder  and  printing,  have  produced  co¬ 
ordinate  revolutions  in  his  condition.  The  vast  importance  of  the 
subject,  therefore,  well  may  warrant  these  few  introductory  remarks 
to  the  account  of  Power,  as  shown  at  the  Exhibition  of  1862.  By 


some  who  will  urge  that  “  man  shall  not  live  by  bread  alone,”  these 
views  will  probably  be  objected  to,  as  “alow  materialism.”  Most  true 
it  is,  man  shall  not  so  live,  but  the  man  who  is  compelled  to  ceaseless 
drudgery  for  “  the  meat  that  perisheth  ”  can  know  nothing  of  any 
more  immortal  food.  Thus  the  discoverers  of  power  have  been,  if 
not  the  most  exalted,  at  least  the  most  direct  benefactors  of  mankind  ; 
and  amongst  all  these  stands  out  distinct  and  prominent,  our  own 
Watt — the  modern  and  only  real  Prometheus. 

But  a  very  few  years  ago  it  would  have  seemed  contrary  to  all 
method  to  have  classed  together  under  one  head  of  “  Prime  movers,  ” 
water  wheels  and  turbines,  wind  mills  and  steam  engines;  hydro¬ 
dynamics  and  pneumatics  would  each  have  claimed  their  own,  and 
steam  power  would  have  held  some  uncertain  place  in  mechanics. 
Since  about  1824,  however,  the  science  of  Thermodynamics ,  at  first 
slowly  evolved  and  almost  disregarded,  but  now  rapidly  advancing, 
and  daily  proving  more  and  more  the  vastness  and  power  of  its 
grasp,  has  linked  them  into  one.  Power,  in  the  sense  in  which 
it  is  bestowed  upon  us  by  the  machines  we  are  about  to  describe, 
is  the  ability  to  perform  ivor/c  by  the  application  of  force ;  and 
in  the  world  around  us  we  know  of  but  two  sources  whence  this 
potential  energy  can  be  drawn — life,  acting  through  will  upon  that 
muscular  power  (with  which  we  commenced),  and  heat.  Of  the 
intimate  nature  of  the  former  we  know  absolutely  nothing,  and  that 
is  but  a  poor  philosophy  which  has  attempted  to  show  life  to  be  but 
an  electrical  phenomenon.  Yet  we  do  know  something  positive, 
though  still  very  imperfectly,  of  the  dynamic  relations  of  animal 
work,  and  of  these  to  the  fuel  or  food  consumed  while  doing  it.  An 
animal  is  proved  to  be  the  most  perfect  of  power-giving  machines. 
Scoresby  and  Joule  have  shown,  that  as  prime  movers  animals  have 
a  higher  efficiency  than  the  most  perfect  inorganic  machine  ;  but  we 
cannot  in  almost  any  case  measure  the  relation  between  the  total 
energy  developed  in  the  animal  by  his  food  (or  fuel)  and  the  effective 
energy  that  he  can  continue  to  exert  in  work,  i.e.,  in  the  overcoming 
resistance  through  space,  because  we  do  not  yet  know  in  any  instance 
how  much  of  the  food  is  diverted  from  muscular  effort  and  consumed  in 
other  ways,  nor  how  the  will,  the  true  living  primum  mobile, is  related 
to  this:  thus  an  anxious  or  a  mind- wrought  man  becomes  tired  with¬ 
out  any  muscular  effort.  Leibnitz,  whose  capacious  intellect  was 
all-embracing,  made  some  progress  in  the  mechanical  consideration 
of  this  question,  and  a  very  remarkable  paper  on  the  subject  was 
published  within  a  recent  period  by  Professor  Haughton,  Fellow  of 
Trinity  College,  Dublin,  in  the  Irish  Quarterly  Journal  of  Medical 
Science.  We  may,  however,  pass  from  further  consideration  of 
animal  power  here,  as  not  appertaining  to  the  objects  exhibited. 

Outside  animal  life,  all  that  we  can  find  or  apply  of  elemental  power, 
is  traceable  to  heat,  and  ultimately  to  the  heat  of  the  sun.  In  the 
actual  state  of  our  knowledge  it  would  be  more  exact  to  say  that  it 
is  traceable  to  molecular  change  in  matter,  thus  including  electricity 
and  magnetism,  upon  the  forces  known  as  which  certain  prime 
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movers  depend;  but  physios  has  already  shown  so  much  in  common 
between  the  five  forms  of  electricity  which  Faraday  had  already 
interidentified,  and  heat,  that  we  may  expect  to  find  the  latter  the 
dominant  force  in  nature,  with  gravitation  as  its  antagonist  force, 
and  that  electricity  in  all  its  forms,  light,  and  chemical  force,  are  but 
variously  combined  phenomena  of  these.  However,  we  may  almost 
set  aside  here  electro-magnetic  engines  as  sources  of  power,  for  we 
are  not  aware  that  any  important  examples  of  such  have  been 
exhibited.  Those  electro-magnetic  machines  which  are  shown  in 
the  Western  Annexd  and  the  British  and  Foreign  departments  are 
not  designed  as  sources  of  power,  but  of  light,  which  is  here  evolved 
along  with  heat,  by  the  expenditure  of  mechanical  motion  in  pro¬ 
ducing  reactions  between  magnetism  and  current  electricity. 

Mr.  Waterston,  we  believe,  first  started  the  speculation,  since  so 
ably  and  philosophically  developed  by  Professor  W.  Thompson, 
that  the  heat  of  the  sun  is  produced  by  the  conversion  of  the  work 
accumulated  in  the  fall  of  a  continual  shower  of  meteoric  matter 
into  it.  Granting  this,  then,  the  source  of  all  cosmical  heat  is 
gravitation.  From  the  sun  as  its  fountain,  it  reaches  our  world, 
and  all  our  motive-power  machines,  of  whatever  sort,  are  but  con¬ 
trivances  by  which  we  can  seize,  in  transitu,  and  convert  into  work, 
a  fragment  of  this  empyrean  fire,  just  as  Prometheus  was  fabled  to 
have  stolen  the  fire  of  Olympus  and  carried  it  to  earth  upon  the  end 
of  a  wand. 

The  heat  of  the  sun  received  by  our  earth  vaporizes  the  waters 
that  are  upon  it,  and  expands  and  keeps  in  incessant  movement  the 
great  atmospheric  ocean  in  which  we  live  and  breathe;  clouds  are 
formed,  rains  fall,  and  the  river  currents  carry  back  the  waters  to  the 
ocean  again,  as  well  as  those  of  the  melted  and  slipping  snows  from 
the  mountain  tops.  It  has  been  estimated  that  about  31,000  cubic 
miles  thus  precipitates  upon  the  dry  land  of  the  world  every  year, 
and  that  of  this  about  13,000  cubic  miles  run  back  by  rivers  into  the 
ocean.  These  fall  vertically  through  a  height  equal  to  the  mean 
level  of  the  continents  and  dry  land  generally  above  the  sea ;  and 
this  weight  of  water,  multiplied  by  this  vertical  height,  is  the  whole 
water  power  of  the  vjorld.  The  total  water  volume  shed  over  Eng¬ 
land  and  Wales  alone  is  about  twenty  cubic  miles  per  annum. 

One  form  of  water  power  presents  an  apparent  exception  to  the 
derivation  of  all  from  heat.  Tide  mills  take  advantage  of  the  differ¬ 
ence  of  level  between  high  and  low  water,  produced  by  the  oceanic 
tide  wave  having  become  a  tidal  stream  after  it  has  reached  sound¬ 
ings.  The  tide  wave  itself  is  due  to  resolved  forces  of  gravitation. 
A  fragment  of  these,  without  any  intermediate  conversion  into  heat, 
we  catch  and  again  resolve  by  machinery  into  a  prime  mover.  Hence, 
as  more  immediately  deriving  its  power  from  gravitation,  a  tidal 
wheel— so  little  employed,  and  really  so  unimportant,  as  a  water 
power — yet  possesses  this  curious  characteristic,  that  it  is  the  most 
directly  elemental  of  all  first  movers.  The  distinction,  however,  is 
rather  formal  than  real. 

Thus,  then,  we  have  traced  our  water  power  to  the  heat  of  the 
sun.  We  may  do  the  same  by  wind  power.  Owing  to  the  variable 
heat  of  the  sun,  due  to  rotation  of  the  earth,  season,  &c.,  our  atmos¬ 
phere  surrounding  our  globe  as  an  oblate  spheroid  of  air,  highly 
attenuated  where  most  distant  from  the  earth,  by  the  play  of  the 
simplest  yet  grandest  machinery  not  onty  has  its  tides,  analogous 
to  those  of  the  heavy  ocean — its  upward  and  downward  currents — its 
great  polar  surface  current — its  equally  great  reverse  tropical  current 
high  above — its  trade  winds,  produced  by  the  resolution  in  direction 
of  the  former  of  these  by  the  earth’s  rotation — its  vertical  and  hori¬ 
zontal  currents  over  the  boundaries  of  land  and  sea — but  also  all 
its  ever-shifting  and  to  us  apparently  uncertain  movements,  of  local 
winds,  gales,  tornadoes,  all  still  due  to  change  of  temperature.  The 
sail  of  the  windmill  doth  but  gather  to  our  use,  as  labouring  force,  an 
unseen  fraction  of  the  ever-present,  ever-changing  heat  of  the  sun, 
which  for  ever  maintains  all  these  complicated  aerial  motions. 


And  lastly,  to  come  to  heat  engines  proper,  whether  steam 
engines,  ether  or  other  vapour  engines,  or  air  or  gas  engines.  These 
all  depend  upon  our  reproduction,  at  a  local  point,  of  heat.  We  do 
this  by  the  consumption  of  fuel,  but  again  we  have  its  source  from 
the  sun.  All  our  fuels  are  hydrocarbons  in. some  form  or  another. 
Wood,  oils,  peat,  mineral  oils,  petroleum,  coal — all,  whether  existing 
upon  the  surface  of  our  globe  as  parts  of  plants  or  animals,  or  laid 
up  in  wealthy  plates  of  coal,  the  fossilized  residuum  of  the  remains 
of  vegetation  of  a  former  world — have  been  produced  by  the  conjoint 
action  of  the  sun’s  heat  and  life.  The  life  has  departed,  it  has 
transmigrated  into  the  successors  of  these  plants  and  animals ;  but 
their  bodies,  or  parts  of  them,  remain  laid  up,  whence  we  may  draw 
as  from  a  storehouse,  and  now  re-illumine  in  our  furnaces,  and 
convert  by  our  first  movers  into  labouring  force  the  sunbeams  that, 
millions  of  years  gone  by,  glowed  over  the  swampy  forests  of  this 
world  before  it  was  known  to  man,  and  nourished  the  vegetable 
life  that  was  coeval  with  saurians  and  pterodactyls.  Nought  is 
lost  or  disappears  in  “  the  mighty  Pan even  the  phosphorus  of  the 
bones  of  these  huge  reptiles,  laid  up  from  the  unknown  archaic  of 
their  living  existence,  becomes  the  stimulus,  and  part  fabric,  of  the 
corn  that  is  now  ripening  beneath  this  summer’s  sun,  and  whose 
ears  are  stirred  by  the  passing  breeze  his  beams  have  set  in  motion. 

The  source  of  all  mechanical  power  is  thus  in  the  heat  of  the  sun, 
present  or  past ;  and  every  first  mover  is  but  a  contrivance,  by  which 
we  either  catch  in  passing  and  convert  into  labouring  force  (if  not 
already,  as  in  water  power  or  wind,  so  converted)  some  inequality 
in  cosmical  temperature,  as  in  the  former  case ;  or  artificially  pro¬ 
duce  such  inequality  of  temperature  by  the  combustion  of  fuel,  as 
in  the  latter. 

It  is  a  matter  of  even  popular  knowledge,  that  heat,  by  expanding 
bodies,  is  a  source  of  mechanical  power ;  it  is  thus  that  the  column 
of  quicksilver  is  lifted  in  the  tube  of  the  thermometer :  and  con¬ 
versely,  that  mechanical  force,  if  expended  in  compressing  bodies, 
or  in  friction,  which  is  only  the  violent  mutual  compressions  of  the 
superficial  particles  of  the  bodies  rubbed  together,  produces  heat. 
Thus  the  force  of  the  released  spring  of  the  old  gun  lock  was  in 
part  converted  into  heat  in  the  incandescent  particle  of  steel ;  the 
air  compressed  suddenly  in  the  bottom  of  a  tube  is  heated  enough 
to  ignite  German  tinder  placed  within  it ;  or  the  force  of  the  Indian’s 
arm  kindled  his  fire,  by  rubbing  together  his  “  fire-sticks.” 

These  are  illustrations  of  a  class  of  phenomena  which,  being  now 
reduced  to  laws,  constitute  the  science  of  Thermodynamics,  which 
has  now  become  the  only  true  foundation  upon  which  any  precise 
knowledge  as  to  the  constitution  and  relative  efficiency  of  first 
movers,  and  more  especially  of  the  steam  engine,  can  be  based. 

Black’s  great  but  imperfect  discovery  of  latent  heat  opened  the 
way ;  but  Carnot  the  younger  (not  the  great  Carnot  of  the  Revolu¬ 
tion).  in  his  “Reflexions  sur  la  Force  Motrice  du  Feu,”  in  1824, 
may  be  said  to  have  laid  the  foundation  of  the  science,  for  the 
further  development  of  which  the  woild  has  been  mainly  indebted 
to  Mayer,  De  Pambour,  Helmholtz,  Clausius,  Rudberg,  Regnaub, 
and  to  others  abroad,  but  to  none  earlier  or  more  than  to  Mayer ; 
and  amongst  our  own  distinguished  countrymen,  to  Joule,  William 
Thomson,  and  Rankine. 

The  two  principal  laws  of  thermodynamics  are — 1st,  Heat  and 
mechanical  force  are  reciprocally  convertible ;  and  heat  in  being 
evolved  requires — or  when  it  disappears,  returns  in  mechanical  force 
— an  equivalent  of  772  foot  pounds  for  each  English  thermal  unit, 
viz.,  for  the  heat  of  one  degree  of  Fahrenheit’s  thermometer  in  one 
pound  of  water.  This  is  “Joule’s  equivalent” — the  first  numerical 
equation  between  heat  and  power  ever  experimentally  established, 
and  by  which  he  will  be  always  distinguished. 

2d,  Equal  increments  or  decrements  of  heat  in  an  uniformly 
heated  and  unchanged  body,  reckoned  from  absolute  zero,  are  pro¬ 
duced  by  or  produce  equal  effects  in  work. 
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It  follows  from  these  and  certain  other  relations  between  heat  and 
matter,  that  in  any  heat  engine  whatever,  working  between  given 
limits  of  temperature,  its  mechanical  efficiency  is  a  maximum  when 
the  whole  of  the  heat  is  received  at  the  higher,  and  the  whole  rejected 
at  the  lower  limit ;  and  under  such  conditions  it  matters  not  what 
may  be  the  nature  of  the  gasiform  fluid  employed — steam,  ether, 
air.  Practically  this  maximum  can  never  be  reached.  It  has  been 
more  nearly  reached  in  some  forms  of  the  air  or  caloric  engine,  as  it 
is  objectionably  called,  than  in  any  other  engine  receptive  of  heat. 

The  total  heat  of  combustion  of  any  sort  of  fuel  may  be  expressed 
in  foot  pounds,  by  multiplying  the  number  of  thermal  units  (in  de¬ 
grees  of  Fahrenheit  to  which  a  pound  of  water  is  raised)  produced 
by  the  burning  of  a  pound  of  the  fuel,  by  Joule’s  equivalent.  This 
varies  with  different  sorts  of  fuels,  from  about  five  millions  to  twelve 
millions  foot  pounds. 

The  entire  of  this  heat  is  expended  in  every  sort  of  beat  engine 
in  three  ways — 1st,  As  wasted  heat ;  2d,  As  useless  work  ;  3d,  As 
available  work :  and  divides  itself  into — Heat  wasted  in  the  furnace 
or  boiler,  often  amounting  to  greatly  above  half  of  the  whole — 
Heat  necessarily  rejected  in  producing  draught  in  the  furnace, 
or  necessarily  by  the  engine,  viz.,  the  residue  of  the  total  heat 
communicated  to  the  working  fluid  per  lb.  of  fuel  burnt  and  dis¬ 
charged  from  the  engine,  without  being  converted  into  mechanical 
effect  —  Heat  wasted  by  the  engine,  whether  by  cooling  or  by 
other  conditions  of  efficiency  badly  fulfilled  —  Heat  converted  into 
work,  and  consumed  uselessly  in  friction  and  other  resistance — 
and  lastly,  Heat  converted  into  available  work. 

Such  are  the  most  general  principles,  by  the  application  of  which 
a  just  judgment  may  be  formed  of  the  relative  values  of  steam  and 
other  engines  of  thermic  energy.  Subordinate  to  their  powers  of 
fulfilling  more  or  less  perfectly  those  conditions,  are  the  numerous 
questions  of  structural  merit  or  demerit  that  arise.  These  will 
be  noticed,  as  far  as  the  necessarily  brief  limits  here  imposed  may 
admit,  in  the  references  to  be  made  to  the  several  engines  exhibited. 

Steam  engines,  the  most  important  of  Heat  engines,  may  be 
classed  something  as  follows :  —  They  are  either  Condensing 
engines,  or  Non-condensing  engines.  Either  of  these  may  be 
single-acting  or  double-acting,  and  either  form  of  either  class 
may  be  adapted  to  stationary  or  to  locomotive  use.  The  recip¬ 
rocating  motion  of  piston  engines  may  be  employed  directly  in 
either  form,  or  to  pumping,  steam  hammers,  pile-driving,  &c.,  or 
through  the  intervention  of  the  crank  to  produce  rotation.  To 
this  class  belong  almost  all  engines  employed  to  actuate  ma¬ 
chinery.  Engines  properly  called  rotary,  which  directly  produce 
rotation  without  the  crank,  may  here  be  placed,  such  as  the  steam- 
wheel  or  turbine,  Avery’s,  and  others ;  and  the  disc-engine,  which 
is  a  quasi-rotary  engine,  with  a  crank  transmitting  its  power.  As 
regards  construction  modified  by  special  purpose,  we  have  marine 
engines,  locomotive  by  sea,  either  non-condensing  or  condensing ; 
and  locomotive  and  tractive  engines  for  land,  almost  invariably 
non-condensing  only. 

Then  as  regards  construction  of  cylinders  and  mode  of  reception 
of  the  steam,  whether  condensed  or  not,  we  have  non-expansive 
and  expansive  engines,  with  single  cylinders,  with  double  cylinders, 
high  and  low  pressure,  (Woolf’s,  M‘Naught,’s,  Craddocli’s,  Elder’s, 
&c.) ;  with  concentric  cylinders  (Maudslay’s  annular,  and  others) ; 
three  cylinder  engines  (Scott  Russell’s,  Sell’s,  and  others) ;  oscil¬ 
lating  cylinders  (Penn’s,  Ravenhill’s,  and  many  others) ;  superposed 
cylinders  (Sim’s,  and  others) ;  double-pistoned  in  one  cylinder  (Car- 
rett,  Ivnowelden,  and  others) ;  sector  of  cylinder  engines,  with  a 
rectangular  piston  reciprocating  on  an  axis  coinciding  with  that  of 
the  cylinder  (as  in  many  American  engines,  and  in  one  in  the 
Swedish  department).  Of  rotary  engines,  the  name  is  Legion  ;  be¬ 
tween  200  and  300  have  been  patented  in  this  country  alone,  and  the 
varieties  produced  by  different  methods  of  admitting  and  discharg¬ 


ing  the  steam  from  the  cylinders,  and  regulating  the  same,  are  still 
more  numerous.  Yet  all  these  hundreds  of  different  machines,  but 
ring  the  changes  upon  a  very  few  grand  and  simple  mechanical 
arrangements  or  expedients,  nearly  the  whole  of  which  were  the 
creation  of  the  mind  of  Watt. 

In  reviewing  the  prime  movers  in  the  Exhibition  it  is  not  very 
material  in  what  order  we  take  them :  we  shall  adopt  the  following — 
Marine  engines;  Land  engines,  embracing  some  notices  of  attached 
or  driven  machinery  exhibited  with  some  of  these  ;  Special  details 
exhibited  apart;  Other  heat  engines;  and  Machines  receptive  of 
water  power.  Locomotive  engines  will  form  a  separate  article,  as 
will  those  for  transport  on  common  roads. 

MARINE  ENGINES. — Papin  and  Leibnitz,  separately  or  together, 
were  the  originators  of  steam  navigation  prior  to  1707.  Jonathan 
Hulls  patented  his  rude  paddle-wheel  steam-boat  in  1736  ;  a  sort  of 
spiral  oar  was  invented  by  Daniel  Bernoulli  in  1752;  numbers  of 
“machines  approuvd  par  l’Academie  des  Sciences,  pour  remonter 
les  bateaux,”  led  the  way  to  De  Jouffroy’s  early  steam-boats  on  the 
Rhone  in  1782  or  1783,  and  about  the  same  time  in  America.  In 
1788-89  Miller  and  Taylor  attempted  steam-boats  on  the  Clyde, 
and  in  1801  Symington  placed  the  Charlotte  Dundas  upon  the 
Forth  and  Clyde  Canal,  which  was  the  first  really  practicable  steam¬ 
boat,  with  a  stern  paddle,  driven  by  crank  and  connecting  rod  from 
a  horizontal  cylinder.  Fulton  and  Stevens,  between  1803  and 
1807,  had  got  steam-vessels  to  run  for  commercial  purposes — 
Stevens’  with  a  Watt  engine  and  a  screw  propeller  ;  and  in  1810—12 
Henry  Bell  had  started  the  Comet  upon  the  Clyde.  In  about  eight 
years  after  steam-vessels  had  crossed  the  Irish  sea,  and  now,  within 
the  short  period  of  forty  years,  steam-ships  of  four  hundred  or  even 
seven  hundred  feet  long,  with  speeds  varying  up  to  more  than  twenty 
miles  an  hour,  pass  the  widest  oceaus,  and  with  a  punctuality  almost 
planetary  join  in  making  the  cincture  of  our  globe. 

The  paddle  wheel,  for  long  deemed  indispensable  to  speed,  is  in 
progress  of  being  displaced  by  the  propeller,  very  early  proposed 
and  very  long  neglected;  and  the  future  of  improvement  in  marine 
engineering  looks  to  superheating,  high  pressure  steam,  expansion, 
surface  condensation,  with  reduction  in  the  size,  and  improvement 
in  the  heating  power  of  boilers,  as  its  first  measures. 

Messrs.  Ravenhill  &  Salkeld  (1962,  Class  8),  exhibit  a  beautifully 
executed  working  model  of  the  marine  engines  of  the  Holyhead 
royal  mail  packets,  Leinster  and  Connaught.  The  Plate,  No.  9, 
reduced  from  drawings  of  that  firm  specially  supplied  us,  shows  these 
engines  in  longitudinal  and  transverse  elevations,  together  with  the 
feathering  paddle  wheels  and  midship  section  of  these  remarkable 
ships.  Marine  engines  at  present  divide  themselves  into  two  very 
distinct  classes,  with  totally  different  constructions  usually,  viz.,  those 
that  are  intended  for  mercantile  service,  in  which  efficiency  in  rela¬ 
tion  to  space,  weight,  speed,  and  fuel,  is  the  primary  requisite;  and 
those  intended  for  ships  of  war,  in  which,  superadded  to  the  above, 
is  the  condition  that  all  the  parts  should  be  out  of  reach  of  shot. 

These  engines  are  an  excellent  example  of  the  class  of  mer¬ 
cantile  marine  engines,  and  of  the  application  of  the  oscillating 
cylinder  to  the  largest  class  of  engines.  The  nominal  powder  of 
these  engines  is  720  horse  power.  The  cylinders  are  8  feet 
2  inches  diameter.  The  stroke  is  6  feet  6  inches.  The  working 
pressure  in  boilers  is  20  lbs.  per  square  inch,  and  with  an  indi¬ 
cated  horse  power  =  4751  horse  power  =  nearly  6*6  times  the 
nominal  power,  these  vessels  attained  an  average  speed  at  the 
official  trials  at  Stokes  Bay  of  eighteen  knots  or  twenty-one  statute 
miles  per  hour;  the  engines  working  at  the  rate  of  twenty-five  to 
twenty-six  strokes  per  minute.  The  average  speed  in  all  weathers 
of  the  two  vessels  on  the  station  during  the  first  six  months 
of  the  new  postal  service,  ending  31st  March,  1861,  between 
Holyhead  and  Kingstown,  was  15*451  knots,  or  a  little  under 
eighteen  statute  miles  per  hour.  It  has  been  found  that  a  slimy  film 
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of  organized  matter  (inceptive  fouling) 
attaches  to  the  hulls  of  those  ships  so 
rapidly,  after  coming  out  of  dock  newly 
coated,  that  within  one  month  the  speed 
is  reduced  about  a  mile  an  hour.  The 
Leinster  has  crossed  the  Channel  in  three 
hours  and  twenty-one  minutes.  The 
Banshee  did  it  in  three  hours  and  twenty- 
six  minutes  about  1848,  but  favoured 
by  tide.  The  Ulster ,  one  of  these  four 
remarkable  vessels,  exceeded  in  speed 
her  Majesty’s  yacht,  Victoria  and  Albert, 
by  about  a  knot  an  hour.  The  displace¬ 
ment  was  rather  less  in  the  latter  than  in 
the  Ulster,  and  the  mean  draught  about 
the  same.  The  extreme  length  of  the 
Leinster  and  Connaught  is  350  feet ;  the 
breadth  35  feet;  the  mean  draught  12 
feet  9  inches;  and  the  area  of  midship 
immersed  section  about  328  square  feet. 
The  boilers  are  eight,  tubular,  with  40 
furnaces,  and  4176  tubes,  or  a  total  of  4f 
miles  of  tubing,  and  expose  a  heating 
surface  of  16,800  square  feet.  The  con¬ 
sumption  of  fuel  is  about  three  lbs.  per 
indicated  horse  power  per  hour;  the 
boilers  are  not  fitted  with  superheating 
apparatus,  nor  are  the  engines  fitted  with 
any  expansive  gear,  but  steam  is  cut  off 
by  the  slide  valves  at  about  jj tbs  of  the 
stroke.  The  average  vacuum  is  25  inches. 
The  shafts  are  wrought-iron — none  of 
steel.  The  paddles  are  upon  the  feather¬ 
ing  principle,  and  are  one  of  the  largest 
examples  of  this  construction,  the  float- 
boards  being  5  feet  in  depth.  The  outer 
paddle  shaft  bearings  are  inside  the  paddle 
boxes,  and  hence  are  very  accessible.  We 
have  been  in  the  habit  ourselves  of  re¬ 
peatedly  crossing  with  these  vessels,  and 
can  from  personal  observation  testify  to 
the  ease  of  their  working,  and  to  the 
facility  with  which  they  are  handled,  and 
to  their  robust  and  steady  behaviour  in 
heavy  weather.  Of  the  vessels  them¬ 
selves  on  this  station  three  were  designed 
and  built  by  Messrs.  Laird  of  Birkenhead, 
and  the  fourth  by  Mr.  Samuda.  Though 
fine  examples  of  iron  ship-building,  and 
constructed  with  more  than  usual  precau¬ 
tions  as  to  strength,  they  are,  from  their 
great  length,  not  free  from  flexibility.  At 
the  moment  of  starting  in  still  water  from 
the  pier  side,  the  first  few  strokes  of  the 
float-boards  upon  the  water  produce  an 
elastic  up  and  down  oscillation,  by  flexure 
of  the  whole  length  of  the  ship  in  a  ver¬ 
tical  direction,  which  is  very  perceptible 
to  one  quietly  seated  in  the  saloon  and 
far  abaft. 

Messrs.  Ravenhill  &  Salkeld  also  show 
working  models  of  horizontal  marine  en¬ 
gines,  from  photographs  of  which  the 
illustration,  Fig.  226,  is  produced.  These 
Messrs.  Ravenhill  &  Salkeld's  Horizontal  Marine  Engines.  engines  are  of  the  Ordinary  type  of  double 
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piston  horizontal  engines  (bielle  en  retour  of  the  French  engineers), 
which  the  exhibitors  claim  to  have  been  the  first  to  have  intro¬ 
duced  into  the  British  navy,  as  early  as  1845,  since  which  time  they 
have  fitted  no  less  than  forty-five  ships  with  them,  including  the 
Narcissus,  50,  frigate,  Rear-admiral  Sir  Baldwin  Walker’s  flag¬ 
ship  ;  and  the  St.  George,  90  gun  ship,  on  board  which  Prince 
Alfred  has  served.  The  general  arrangements  of  these  engines  will 
be  seen  from  the  illustration.  The  objections  we  have  made  to 
the  position  chosen  for  the  starting  wheel  in  some  other  similar 
engines  apply  to  these.  This  firm  also  exhibit  models  of  engines 
of  this  type  with  surface  condensors,  and  models  of  oscillating 
engines  for  vessels  of  small  section  and  sharp  rise  of  floor. 

Oscillating  cylinders  for  marine  purposes  were  pro¬ 
posed  as  long  ago  as  about  1829  by  the  late  Mr.  J. 

Maudslay,  and  are  believed  to  have  been  first  applied 
by  Mr.  Penn,  and  with  great  success,  to  the  Thames 
river  steam -boats.  The  arrangement  of  valve  gear 
now  adopted  we  believe  originated  in  the  Clyde. 

Messrs.  John  Penn  &  Sons,  Greenwich,  exhibit  a 
pair  of  horizontal  marine  engines,  of  600  horse  power, 
nominal  (1955),  of  which,  from  special  drawings  also, 
we  present  in  Plate  10  a  plan  and  horizontal  section, 
and  a  longitudinal  sectional  elevation ;  and  in  Figs. 

227,  228,  longitudinal  and  transverse  sections  of  the 
boilers.  These  engines  are  of  the  construction  known 
in  France  as  the  “  Type  d’lndret  a  fourreau,”  viz., 
trunk  engines,  working  through  both  ends  of  the  cylin¬ 
ders  ;  the  pistons  in  the  centre  of  the  length  of  the 
trunk ;  the  air  pumps  and  condensors  at  the  opposite 
end — the  former  actuated  from  a  rod  moved  by  the 
piston  to  which  it  is  attached,  and  passing  through  the 
cylinder  cover,  the  same  being  the  case  with  the  rods 
that  drive  the  feed  pumps,  placed  close  to  the  con¬ 
densors,  and  taking  their  water  directly  from  the  hot 
wells.  The  air  pumps  consist  merely  of  a  solid  piston 
working  in  a  cylinder  open  at  both  ends,  and  placed  within  chambers, 
separated  by  a  mid  diaphragm,  beneath  the  horizontal  valve  plates 
above.  The  valves  are  multiple,  circular,  and  of  India  rubber,  on 
gun  metal  seats.  The  steam  and  eduction  valves  are  simple  cap 
slides  of  laige  size,  with  considerable  lap. 

The  valve  gear  consists,  for  each  engine, 
of  two  eccentrics  and  link  motion;  the 
vibrating  link  is  hollow  or  slotted,  and 
the  arrangements  for  handling  the  en¬ 
gines  are  very  simply  brought  up  to  a 
single  starting  wheel,  placed  with  its 
plane  athwartships,  and  upon  the  top  of 
the  condensors;  close  by  it  are  the  levers 
acting  upon  the  throttle  valves  and  those 
by  which  small  subsidiary  valves  placed 
on  the  upper  sides  of  the  cylinders  are 
manipulated,  by  which  the  cylinders  can 
be  breathed  and  blown  through,  before 
starting,  as. well  as  the  condensors.  The 
steam  and  eduction  valves  stand  on  edge, 
or  upon  the  sides  of  the  cylinders.  The 
injection  valves  are  come -at  able  also 
from  the  top  of  the  condensors,  and 
several  man  lids  placed  therein  give 
immediate  access  and  sight  of  the  air- 
pump  valves.  The  discharging  steam 
passes  directly  through  copper  pipes 
over  the  top  of  the  engines  to  the  top  of  the  condensors.  These 
are  provided  with  expansion  glands  at  the  condensor  ends.  We  are 
not  aware  that  any  of  the  water  of  injection  is  discharged  directly 


into  those  pipes.  They  are  not  clothed  in  any  way.  Their  tem¬ 
perature,  except  close  to  the  cylinders,  is  not  high,  of  course,  and 
so  far  as  condensation  is  concerned,  there  may  be  some  slight 
advantage  in  having  them  naked,  while,  polished  as  they  are,  they 
certainly  add  to  the  imposing  effect  of  the  engines ;  we  should  our¬ 
selves,  however,  be  disposed  to  think  that  the  comfort  of  the  engine 
room,  as  regards  temperature,  and  especially  in  hot  climates,  would 
be  greatly  promoted  by  jacketting  these  pipes  in  some  way;  and 
that,  if  made  double  cased,  with  provision  for  turning  in  from 
the  sea  a  thin  stratum  of  sea-water  in  the  annular  interspace, 
and  so  arranged  that  the  ship’s  motion  or  other  equivalent,  should 
keep  the  water  continually  changed,  it  would  add  not  imnia- 

Fig.  227. 


Transverse  Section,  Marine  Boiler. 

terially  to  the  powers  of  the  condensors  and  the  goodness  of  the 
vacuum. 

The  main  shaft  is  in  one  piece,  it  is  twelve  inches  diameter  at 
the  necks.  The  bearings  are  remarkable  for  their  length— a  highly 

Fig.  228. 


Penn's  Boilers— Front  Elevation  and  Front  Elevation  in  Section. 

important  point  of  safety  as  against  heating  in  fast-running  engines, 
and  more  than  usually  important  when,  as  in  engines  of  this  con¬ 
struction,  the  cranks  revolve,  surrounded  with  moving  parts,  and 
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hence  less  easily  accessible,  than  in  many  vertical  engines.  The 
cranks  are  balanced,  by  blocks  of  cast-iron  secured  by  straps.  The 
main  strains  in  engines  of  this  class  being  reduced  to  push  and 
pull  in  the  line  of  the  axis  of  the  cylinders,  in  which  direction 
ample  strength  is  provided  in  the  framing,  no  great  transverse 
stiffness  is  needed  or  found,  in  the  lower  frame  or  bed  plates. 

The  outer  end  of  the  crank  shaft,  at  the  first  length  of  the  screw 
shaft,  is  provided  with  a  worm  wheel  of  cast-iron  and  endless  screw, 
for  the  purpose  of  turning  round  the  engines  when  steam  is  not  up. 
The  style  of  these  engines  is  good,  and  the  workmanship  faultless- 
qualities  for  which  Messrs.  Penn’s  manufactory  has  from  its  origin 
been  distinguished ;  these  and  the  large  size,  are  perhaps  their  most 
remarkable  features.  The  minuter  details  of  structure  are  all  atten¬ 
tively  considered  and  provided  for,  but  do  not  present  anything 
novel. 

The  boilers  are  of  the  usual  type  of  tubular  marine  boiler; 
they  are  not  exhibited.  Independently  of  any  special  superheating 
apparatus,  the  uptake  flues  into  the  funnels  superheat  the  steam 
to  a  certain  extent.  The  boilers  have  a  heating  surface  of  about 
11.000  square  feet.  These  engines  are  intended  for  a  first  class 
frigate  in  the  Spanish  navy. 

Messrs.  Maudslay,  Sons,  and  Field  exhibit  a  pair  of  large  hori¬ 
zontal  marine  engines,  also  of  the  war  ship  type,  for  H.M.  iron- 
plated  frigate  Valiant.  The  engines  are  of  800  horses  collective 
power  (nominal),  having  cylinders  82  inches  diameter,  4  feet  stroke, 
and  realizing  that  power  at  a  speed  of  45  strokes  per  minute. 

The  type  upon  which  they  are  constructed  is  called  that  of  the 
horizontal  direct-acting  double  piston-rod,  or  that  known  in  France 
as  the  “  machine  horizontal  a  bielle  en  retour,  type  Mazeline, . 
1861 and  the  makers  claim  for  it  this  great  advantage,  that  the 
engines  take  up  less  width  in  the  vessel  than  on  any  other  arrange¬ 
ment,  and  that  it  allows  at  the  same  time  a  long  connecting  rod. 
We  shall  return  to  the  consideration  of  this  after  we  have  described 
some  of  the  other  marine  engines  to  which  the  question  of  relative 
advantage  or  disadvantage,  as  to  total  length,  and  length  of  con¬ 
necting  rod,  applies. 

The  cylinders  are  surrounded  by  a  jacket  of  steam,  which  is 
supplied  directly  from  the  boi'ers,  end  the  cylinder  covers  and  ends 
are  cast  hollow  and  supplied  with  steam  in  the  same  manner. 


Fig.  229. 


Maudslay’s  Gland  for  Piston-rods. 


The  backs  of  the  slides  are  fitted  with  equilibrium  rings  which 
are  connected  with  the  condensor,  so  that  the  pressure  is  taken  off 
a  very  large  proportion  of  the  area,  and  thus  the  resistance  to 
motion  of  the  valve  due  to  friction  reduced.  The  slides  are  double 
ported,  in  order  to  save  distance  in  the  travel,  which  not  only  reduces 
the  length  of  the  link  and  the  throw  of  the  eccentrics  to  one-half, 
but  enables  the  engines  to  be  started  and  stopped  more  rapidly. 
The  air  pumps  are  double-acting,  and  are  worked  direct  from  the 
piston  by  a  rod  passing  through  the  cylinder  cover;  the  air 


pump  valves  are  of  vulcanized  India  rubber,  and  are  screwed  down 
to  gun-metal  gratings  with  guards  above.  The  cranks  are  balanced 
by  a  weight  which  is  placed  in  the  worm  wheel  for  turning  round 
the  engines. 

The  relief  valves  at  each  end  of  the  cylinders  are  kept  down  by 
means  of  springs;  but  as  these  are  sometimes  found  not  to  act  quick 
enough  for  safety  to  the  cylinder,  all  these  valves  are  supplied  with 
levers  which  take  the  pressure  of  the  springs  off'  the  valves,  so  that 
the  engineer,  on  starting  the  engines,  or  should  the  boilers  begin  to 
prime,  can  leave  the  valves  free  to  lift  a  little,  and  thereby  prevent 
the  cylinder  covers  being  broken. 

The  piston-rod  stuffing  boxes  are  fitted  with  apparatus,  as  shown 
in  the  sketch,  Fig.  229,  and  sufficiently  clear  without  description, 
so  that  the  engineer  can  tighten  up  the  glands  when  the  engines  are 
in  motion  ;  and  as  both  worm  wheels  are  turned  by  the  same  spindle, 
the  gland  is  sure  always  to  be  moved  parallel  to  itself.  This  is  an 
extremely  elegant  arrangement,  marked  both  by  simplicity  and 
perfectness  of  adaptation.  It  lochs  the  adjustment  of  the  gland 
at  whatever  point  it  has  been  left,  and  it  admits  of  a  new  adjust¬ 
ment,  by  the  application  of  a  box  spanner  to  a  single  point,  and 
with  mathematical  exactness,  while  the  engines  are  running,  and 
with  freedom  from  danger  to  the  engineer;  while  it  is  such  that 
the  whole  gland  can  be  withdrawn  with  rapidity  and  ease.  The 
expansion  gear  consists  of  a  valve  which  is  made  to  revolve  uni¬ 
formly  with  the  shaft,  and  which  can  be  altered  in  its  relative 
position  to  the  crank  by  means  of  a  spiral  slot  fitted  to  one  of  the 
geared  wheels.  Any  degree  of  expansion  may  be  obtained,  from 
that  at  which  the  slide  valves  are  set,  to  none  at  all. 

The  valve  gear  is  upon  the  vibrating  link  plan.  The  engines 
are  started  or  stopped  by  the  link,  which  is  raised  by  means  of 
a  vertical  screw  worked  by  two  bevil  wheels  from  a  hand  wheel. 
Each  engine  has  separate  hand  gear,  so  that  if  either  should 
get  into  such  a  position  that  it  would  not  start,  the  other  has  only 
to  be  reversed  or  started,  and  both  engines  are  immediately  set  to 
work;  as  it  is  impossible  that  both  should  be  in  such  a  position 
at  the  same  time. 

All  the  hand  gear,  &c.,  is  upon  the  platform  above  the  condensors, 
and  can  be  worked  without  the  engineer’s  moving  from  the  spot ; 
his  other  levers,  &c.,  concerned  in  handling  the  engines  being  well 
placed  around  him.  One  of  the  great  objects  sought  for  in  the  con¬ 
struction  of  these  engines  is  stated  by  the  makers  to  be  that  every 
part  can  be  seen  and  got  at  without  disarranging  the  others.  All 
the  valves  can  be  taken  out  and  repacked,  &c.,  while  the  engines 
are  in  motion,  and  great  economy  of  fuel  is  obtained  by  the  use  of 
1  steam  jackets,  expansion  valves,  and  superheating.  All  the  bearings 
consist  of  white  metal  let  into  gun-metal  cases,  and  these,  as  indeed 
almost  all  the  details  of  those  engines,  present  great  beauty  of  design 
and  of  proportion.  The  thrust  bearing  of  the  crank  shaft  consists  of 
a  number  of  horse-shoe  pieces  lined  with  white  metal,  which  are 
screwed  up  against  collars  forged  on  the  screw  shaft,  so  that  no 
thrust  goes  through  the  cranks.  By  this  means  each  of  the  horse¬ 
shoe  pieces  can  be  adjusted,  and  if  one  should  get  hot  the  engineer 
has  only  to  make  it  bear  a  little  less  on  the  collar.  The  engines 
of  the  Agincourt  are  very  similar  in  construction  to  those  exhibited, 
and  are  of  1350  horses  power. 

The  superheating  apparatus  is  arranged  in  accordance  with  the 
patent  of  Mr.  Joshua  Field  (1974,  30th  August,  1859),  of  which 
we  gave  an  account  in  the  Practical  Mechanic's  Journal  for  the 
current  year.  It  is  so  arranged  that  it  can  be  employed  or  not,  in 
the  event  of  any  accident  rendering  its  temporary  abandonment 
necessary.  The  chief  peculiarity  is  that  the  steam  passes  through 
a  system  of  flattened  tubes,  which  are  placed  on  the  uptake  of  the 
boiler  flues  in  such  a  manner  as  not  to  interfere  with  getting  at  the 
ends  of  the  boiler  tubes.  Although  these  engines  at  forty-five 
strokes  per  minute  are  called  800  horses,  nominal,  power,  their  actual 
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speed  will  be  60  to  65  revolutions,  and  the  indicated  power  not  less 
than  from  3200  to  3800  horse  power,  or  four  times  the  nominal 
power. 

The  workmanship  of  these  engines  is  magnificent,  as  is  also  the 
style,  and  generally  the  proportions.  In  some  respects  the  valve 
gear  struck  us  as  exceptional.  For  a  war  ship,  it  does  not  seem  at 
all  desirable  to  place  the  starting  wheel  up  on  top  of  the  condensors. 
This  comparatively  small  and  slender  portion  of  a  pair  of  marine 
engines,  is  to  them  even  more  vitally  important,  than  is  the  rudder 
to  the  ship — every  possible  expedient  that  position  and  arrangement 
can  afford  to  insure  their  safety,  should  we  think,  be  held  steadily  in 
view.  We  do  not  think  it  is  so  when  the  starting  wheels  are  at  the 
highest  level  of  any  part  of  the  engines,  and  hence  to  the  largest 
extent  possible,  under  the  conditions  of  the  engines  themselves, 
exposed  to  risk  of  shot.  This  remark  applies  to  many  of  the  marine 
engines  exhibited,  as  well  as  to  those  of  the  Valiant.  The  scant¬ 
lings  and  mode  of  adaptation  of  the  valve  gear  also,  more  especially 
of  the  cast-iron  levers  of  the  balance  weights  below,  seemed  to  us 
more  ponderous  than  necessary,  for  the  valves  with  so  short  a  stroke 
as  double  porting  admits,  and  with  so  large  a  proportion  of  the 
rubbing  friction  removed  by  equilibration.  Indeed  these  constitute 
the  only  parts  of  these  fine  engines  in  which  there  appeared  to  us 
any  departure  from  the  usually  admirable  proportions  that  charac¬ 
terize  all  Messrs.  Maudslay’s  works. 

The  usual  factor  of  safety  which  they  give  to  all  their  marine 
work,  =  12,  is  a  liberal  guarantee  for  the  security  of  their  engines, 
under  strains  the  most  impulsive,  that  the  sea  can  produce.  The 
bilge-pumps  are  placed  in  a  very  advantageous  form  and  position 
for  examination  and  repair,  and  their  valves,  as  well  as  those  of  the 
feed-pumps,  can  be  got  at  for  these  purposes,  without  stopping  the 
engines. 

Fig.  230. 


Maudslay’s  Annular  Cylinder  Engine— Transverse  Elevation. 

This  firm  also  exhibits  a  series  of  exquisitely  finished  working 
models  of  various  other  forms  and  constructions  of  marine  engines. 
These  are  all  kept  moving  at  a  slow  pace,  that  admirably  simulates 
in  those  fairies,  the  deliberate  and  ponderous  sort  of  motion  which 
we  are  habituated  to  associate  with  marine  engines,  and  almost 
cheats  one  out  of  the  perception  of  their  diminutive  size ;  and  no 
objects  in  the  Machinery  department  have  probably  been  more 
popularly  interesting,  to  the  large  crow'd,  that  ever  changes  but  never 
ceases,  day  by  day  to  surround  them.  These,  like  nearly  all  similar 
models  exhibited,  are  not  driven  by  steam  directly,  but  merely  by 
small  bands,  passing  over  pulleys  upon  the  crank-shaft  ends. 


The  largest  model  represents  a  pair  of  double  piston-rod  hori¬ 
zontal  direct-acting  engines,  for  driving  the  screw  propellor  tilted 
on  board  Her  Majesty’s  armour-plated  iron  ship  Acjincourt ,  of 
1350  horse  power  (nominal).  The  cylinders  are  101  inches  diameter, 
with  a  stroke  of  four  feet  6  inches.  These  engines  have  double 
ported  slide  valves,  which  are  worked  by  the  ordinary  link  motion. 
The  expansion  gear,  together  with  the  apparatus  for  screwing  up 
the  piston-rod,  glands,  and  other  improvements,  in  detail,  are  very 
similar  to  the  corresponding  parts  of  the  machinery  of  Her  Majesty’s 
ship  Valiant. 

These  are  in  fact,  very  much  in  type  alike  with,  the  large  pair  of 
engines  just  described. 

The  other  models  illustrate  the  several  types  of  marine  engines, 
that  have  from  time  to  time  been  brought  forward  by  this  firm 
either  as  improvements,  or  to  meet  various  special  requirements 
of  steam  navigation.  Amongst  these,  the  double-cylinder  vertical 
engine  was  one  of  the  earliest.  A  pair  of  these  of  a  large  size, 
was  at  work  for  a  considerable  period  on  board  one  of  the  old 
Holyhead  Royal  Mail  boats,  after  the  opening  of  the  Chester  and 
Holyhead  railway,  and  was  subjected  then  to  very  severe  service. 
Some  difficulties  of  management  were  experienced  in  all  engines 
of  this  type,  chiefly  owing  to  the  lower  bearing  of  the  connecting 
rod  being  buried  down  between  the  cylinders,  where  it  was  scarcely 
accessible  without  danger,  and  not  at  all,  without  stopping  the 
engines  ;  the  number  of  reciprocating  bearings,  and  the  severity  of 
the  strains  to  which  several  of  them  were  exposed,  was  also  disad¬ 
vantageous. 

Shortly  after  these  engines  were  produced,  Mr.  Joseph  Maudslay 
patented  his  Annular  Cylinder  Engine — one  in  which,  as  its  name 
partly  imports,  the  central  part  of  the  cylinder  was  occupied  by  a 
second  concentric  one,  allowing  thus  a  middle  vacant  space  for  the 

Fig.  231. 


Mandslay’s  Annular  Cylinder— Longitudinal  Section. 

play  of  the  connecting  rod,  and  the  annular  space  between  these 
cylinders  being  that  alone  receptive  of  steam,  &c. 

This  arrangement  was  designed  to  form  a  firm  and  compact 
engine,  for  driving  the  screw  propeller,  intended  more  especially 
to  be  used  in  commercial  steam  vessels,  where  it  is  not  necessary 
to  keep  the  machinery  entirely  below  the  water  line. 

The  annular  cylinder  is  placed  above  the  crank  shaft,  and  the 
piston-rod  cross-head  is  connected  with  the  main  crank  on  the  pro¬ 
peller  shaft  by  a  connecting  rod,  passing  from  the  piston-rod  cross¬ 
head  downwards  through  the  central  or  inner  cylinder,  to  the  crank 
on  the  shaft  beneath. 
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The  advantages  of  this  arrangement  were  stated  to  consist — 

1st,  In  having  the  cylinder  placed  upright  over  the  crank  shaft, 
and  supported  on  short  standards  cast  on  the  condensor  and  bed 
plate  ;  thus  forming  a  very  rigid  and  firm  combination  in  itself,  and 
not  requiring  any  connection  from  the  vessel  to  steady  it. 

2d,  In  having  the  piston  rod,  glands,  and  cross-head  guides,  on 
the  top  of  the  cylinder  cover,  where  they  are  more  easily  attended 
to,  than  when  placed  horizontally  or  below  the  cylinder  ;  and  also  in 
having  all  the  joints  and  moving  parts  of  the  engines  arranged  so 
that  they  can  be  conveniently  got  at  for  the  purpose  of  oiling,  which 
is  of  considerable  importance  in  engines  working  at  a  great  velocity, 
in  order  that  they  may  be  kept  in  good  condition. 

3d,  In  this  arrangement  a  much  longer  connecting  rod  is  obtained 
than  in  ordinary  engines,  in  consequence  of  which  the  side  thrust 
on  the  cross-head  guides  is  considerably  reduced. 

We  have  next  the  engines  of  the  Octavia,  an  account  of  the  per¬ 
formances  of  which  we  gave  this  year  in  the  Practical  Mechanic's 
Journal ,  with  illustrations  of  their  construction. 

This  model  shows  the  arrangement  of  a  three-cylinder  horizontal 
double  piston-rod  engine,  designed  and  patented  by  Mr.  Charles 
Sells,  chief  draughtsman  to  Maudslay,  Sons,  &  Field  (2758, 
6th  December,  1859),  fitted  on  board  H.M.  frigate  Octavia ,  of  500 
horse-power,  and  fifty-one  guns.  These  engines  are  designed  to 
accomplish  as  great  economy  of  fuel  as  possible,  combined  with 
uniformity  of  motion,  and  are  fitted  with  surface  condensors,  im¬ 
proved  superheating  apparatus  (Field’s  patent),  and  complete  steam 
jackets  on  the  cylinders. 

The  crank  shaft  is  forged  in  one  piece,  the  cranks  forming  an 
angle  of  120°  with  each  other;  this  construction  places  all  its 
moving  parts  in  perfect  equilibrium  without  the  addition  of  balance- 
weights  for  that  purpose. 


Fig.  232. 


Maudslay' s  Three-cylinder  Engine — Transverse  Elevation. 


The  cylinders  are  5  feet  G  inches  diameter,  with  a  stroke  of  3 
feet  G  inches.  The  slide  valves  are  constructed  to  cut  off  steam 
at  one-fourth  of  the  stroke,  without  the  use  of  a  special  expansion 
valve.  They  are  worked  by  eccentrics,  fixed  upon  a  revolving 

weigh-shaft,  driven  by 
Fis-  233.  a  peculiar  and  novel 

arrangement  of  spur 
wheels,  which  enables 
the  degree  of  expan¬ 
sion  to  be  altered  so 
as  to  cut  off  the  steam 
as  short  as  at  one- 
sixth  of  the  stroke,  and 
which  also  furnishes  a 
safe  and  rapid  mode  of 
_  reversing  the  engines. 

The  boilers  have  only  two-thirds  the  usual  capacity ;  yet,  owing 
to  the  saving  of  steam  effected  by  superheating  and  in  the  cylinders, 
the  engines  can  be  certainly  worked  up  to  four  times  their  nominal 
power,  with  about  half  the  ordinary  consumption  of  fuel. 

The  next  model  is  of  engines  for  a  smaller  class  of  ships  of  war, 
and  represents  a  class  of  marine  engines  especially  adapted  for 


Maudslay’s  Tliree-cylindcr  Engine— Longitudinal 
Elevation. 


driving  the  screw  propeller  in  vessels  of  light  draught,  yet  with  every 
part  of  the  machinery  quite  below  the  water  line.  Her  Majesty’s 
steam  sloops  Mutine,  and  Cameleon  of  17  guns,  and  several  despatch 
vessels  in  the  British  and  in  foreign  navies,  have  been  fitted  with 
these  engines  of  200  horse-power  (nominal),  constructed  on  the 
horizontal  double  piston-rod  system. 

Some  additional  interest  attaches  to  noticing  the  engines  of  this 
type,  as  we  shall  have  occasion  presently  to  refer  to  the  perfor¬ 
mances  of  the  engines  of  the  Cameleon  in  comparison  with  those  of 
some  other  ships.  Adjoining  the  last  we  have  a  model  of  a  pair 
of  direct-acting  paddle  wheel  engines  with  oscillating  cylinders. 
Engines  of  this  description  have  been  fitted  on  board  the  Royal 
mail  steam  ship  Mersey ,  of  250  horse-power  (nominal),  and  several 
other  fast  vessels  for  carrying  passengers.  In  the  model,  one  paddle 
wheel  is  made  to  feather,  the  other  being  a  common  one,  but  merely 
to  illustrate  the  two  systems. 

These  engines  are  identical  in  type  with  those  of  the  Holyhead 
vessels.  We  cannot,  however,  think  that  the  framing  of  those  here 
exhibited  in  model  is  either  as  good  or  as  elegant  as  in  the  Holy- 
head  engines  of  Ravenhill  and  Salkeld,  and  of  James  Watt  & 
Company,  respectively. 

The  last  model  exhibited  by  Messrs.  Maudslay  represents  the 
engines  of  her  Majesty’s  ship  Victoria  of  131  guns,  and  the  Mersey 
frigate  of  40  guns ;  they  are  of  1000  horse  collective  power  (nomi¬ 
nal),  the  cylinders  being  92  inches  in  diameter,  with  a  stroke  of 
four  feet.  In  construction  and  arrangement  they  much  resemble 
the  engines  of  her  Majesty’s  ship  Valiant. 

Before  passing  from  this  spot  in  the  West  Annexd,  we  may  just 
record  the  exhibition  by  Messrs.  Penn  &  Son  of  a  very  large  cylinder 
and  crank,  both  in  a  nearly  finished  state ;  and  by  Messrs.  Mauds¬ 
lay  of  a  finished  connecting  rod  of  great  size — parts,  in  both 
instances,  of  other  engines  than  those  exhibited.  The  execution 
of  these  is  faultless,  and  the  cylinder  indicates,  so  far  as  colour  can, 
cast-iron  of  first-rate  quality.  These  huge  disjecta  membra , 
however,  principally  address  the  eye  of  the  sight-seer ;  and  in  the 
case  of  the  forgings,  the  merit  must  justly  be  shared  with  the  forge, 
whence  these  fine  masses  of  wrought-iron  emanated. 

We  hope  before  very  long,  however,  to  see  wrought-iron  for 
marine  engine  “  uses”  superseded  by  forged  puddled  steel ;  and  we 
doubt  not  that,  should  another  International  Exhibition  take  place 
ten  years  hence,  such  a  substitution  will  be  found  to  have  constituted 
one  of  the  prominent  features  of  advance  in  the  interval.  The  series 
of  experiments  made  by  Mr.  Mallet,  and  published  in  the  Transactions 
of  the  Institution  of  Civil  Engineers  for  1861,  upon  the  co-efficients 
of  ultimate  strength,  and  of  extensibility,  of  these  great  masses  of 
forged  wrought-iron,  has  proved  that  they  are  not  very  much  more 
reliable  in  resisting  impulsive  forces  than  so  much  cast-iron ;  and 
that  the  substitution  of  puddled  steel  forgings  for  such  would  admit 
of  an  enormous  increase  of  strength  in  cranks,  shafts,  piston  rods, 
&c.,  with  equal  weights,  or  of  vast  reduction  in  the  weights  for  equal 
strength  with  those  at  present  in  use.  He  has  also  shown,  by  an 
official  return  from  the  Peninsular  and  Oriental  Steam  Company,  how 
great  is  the  annual  loss  sustained  at  present  by  the  frequent  frac¬ 
tures  of  those  large  forgings  in  the  machinery  of  large  ships  in 
heavy  weather ;  therefore  how  important  the  consideration  of  im¬ 
provement  has  become. 

Messrs.  Humphreys  &  Tennant,  Deptford  (1891),  exhibit  a  pair  of 
horizontal  marine  engines  for  screw-propelled  ships  of  war.  These  are 
direct-acting  connecting  rod  engines,  of  the  form  known  abroad  as 
of  the  “  Type  Nillus,”  but  greatly  improved.  They  are  shown  in 
plan  and  elevation  in  our  Plate  11. 

These  engines  are  certainly  the  simplest  in  construction  of  any 
of  the  like  class  exhibited.  In  workmanship  they  are  quite  equal 
to  anything  that  has  been  shown,  and  we  think  present  some  pecu¬ 
liarities  that  distinguish  them  advantageously.  They  are  through- 
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out  characterized  by  severity  of  style,  and  a  resort  to  the  simplest 
means  possible  to  attain  the  result.  This  is  done  at  the  expense 
of  what  is  popularly,  and  indeed  by  many  professional  persons, 
deemed  highly  objectionable — namely,  a  short  connecting  rod.  The 
length  of  connecting  rod  in  these  engines  is  only  three  and  a  half 
times  that  of  the  crank.  In  Messrs.  Maudslays’  and  Messrs.  Penns’ 
engines  of  the  war-ship  type,  we  believe  the  length  is  from  four  to 
four  and  a  half  or  five  times  the  crank. 

The  main  point  is,  of  course,  in  all  those  horizontal  screw  engines, 
to  pack  up  the  whole  machine  into  the  shortest  possible  compass, 
as  occupying  space  athwartship ;  and  it  is  very  commonly  affirmed 
that  that  engine  is  the  best  which,  with  a  given  total  length,  has 
the  longest  connecting  rod.  We  consider  that  this  is  but  incom¬ 
pletely  to  state  the  question,  and  that  when  all  the  conditions  are 
taken  into  consideration,  not  only  may  the  importance  of  the  differ¬ 
ence  in  length  of  connecting  rod  between  three  and  a  half  and  five 
or  even  six  cranks  be  overrated,  but  that  the  increased  length  may 
be  obtained  by  a  sacrifice  in  reality  far  more  than  equivalent  to 
the  advantages  realized. 

In  Fig.  234  are  drawn  to  one  scale  diagrams  of  four  of  the  most 
frequently  employed  types  of  British  horizontal  marine  engines. 
Taking  the  crank  as  the  unit  of  measure  in  each  instance,  it  will  be 
seen  that  the  direct-acting  engine,  with  short  connecting  rod,  occu¬ 
pies  a  good  deal  less  total  length  than  either  of  the  others;  the  shorten¬ 
ing  being  rather  more  exaggerated  in  this  figure  than  in  reality,  as 
the  short  connecting  rod  has  been  shown  only  three  cranks  in 
length. 

The  mechanical  disadvantages  of  the  shorter  connecting  rod,  we 
presume,  are  comprehened  under— 1st,  Increased  friction,  produced 
by  the  increased  rubbing  pressure  of  the  guide  piece,  that  secures 
the  movement  parallel  to  itself  of  the  piston-rod  head  ;  2nd,  A  certain 
amount  of  increased  friction  at  the  joint  pin  between  the  piston 
and  connecting  rods ;  and  3rd,  A  certain  amount  of  increased  friction 
at  the  crank  shaft  bearings,  due  to  the  alternate  lift  and  pressure 
down  upon  the  shaft. 

The  two  last  sources  of  increased  friction  may  be  passed  over  as 
very  small. 

The.  increase  of  friction  due  to  the  first,  at  its  maximum,  viz  , 
when  the  connecting  rod  makes  its  largest  angle  with  the  path  of 
the  piston  rod,  will  be  very  nearly  in  the  ratio  of  the  length  of  the 
connecting  rod,  divided  by  that  of  the  crank. 

Let  us  consider  what  this  would  amount  to,  in  an  engine  deliver¬ 
ing  300  horse  power. 

The  area  of  cylinder  being  taken  at  4536  square  inches,  with 
20  lbs.  mean  pressure,  gives  a  total  of  90720  lbs.  pressure.  If  now  the 

90720 

connecting  rod  be  six  cranks  length,  — — —  =  15120  lbs.  will  be  the 


greatest  pressure  upon  the  guide  ;  and  as  the  co-efficient  of  friction 
of  brass  on  iron  when  lubricated  is  0‘0909  the  pressure ;  then  the 
increased  resistance  to  the  piston’s  motion,  due  to  this  cause,  over 
and  above  that  of  an  engine  with  an  infinite  length  of  connecting 

rod,  will  be  =  1374  lbs.  In  the  same  way,  with  a  connect¬ 


ing  rod  of  only  three  and  a  half  times  the  length  of  the  crank, 
90720 

T5  X  '0909  =  2356  lbs'  5s  tlie  corresPoncIinS  increased  resistance 

to  the  piston.  The  difference,  or  2356  —  1374  =  982  lbs.,  is  the 
disadvantage  incurred  by  the  shorter  rod ;  but  this  is  the  maximum 
disadvantage,  which  is  zero,  when  the  crank  is  on  cither  centre  ;  so 
,  .  .  ,  982 

that  the  mean  resistance  is  only  —  =  491  lbs.,  over  and  above 


that  of  a  connecting  rod  of  even  six  cranks  length,  which  is  longer 
than  employed  in  any  horizontal  marine  engine;  and  if  this  be  dif 
fused  upon  the  above  area  of  piston,  it  will  be  about  l-9th  of  a  pound 


per  square  inch,  or  l-180th  of  the  total  pressure  per  inch  of  piston. 
This  quantity  is  extremely  small — so  small  that,  in  the  same  ex¬ 
ample,  if  nine  inches  diameter,  were  sufficient  for  the  connecting 
rod,  if  always  in  line  with  the  piston  (i.e.,  infinite  in  length),  it 
would  require,  when  reduced  to  three  and  a  half  cranks  in  length, 
to  be  made  about  9  1874  inches  diameter  for  equal  pressure  on  the 


Fig.  234. 


Outline  Diagrams  of  Horizontal  Marine  Engines— Various  Types 
and  Lengths  of  Connecting  Rods. 

unit  of  section.  This  very  simple  consideration  appears  to  render 
it  extremely  doubtful  whether,  in  the  case  of  the  trunk  type  of 
engine,  the  increased  length  of  connecting  rod  be  not  achieved  at 
the  expense  of  an  appreciable  loss,  in  place  of  any  gain  in  power  ; 
from  the  friction  of  the  trunk,  gripped  by  its  packing,  over  a  very 
extensive  surface,  the  degree  of  pressure  upon  which  to  produce 
stanchness,  can  only  be  at  any  time  conjectured.  And  this  friction 
is,  in  relation  to  the  length  of  the  rod,  increased  by  the  oblique 
pressure,  just  as  is  that  of  the  piston-guide  in  the  former  case  ;  so 
that  in  our  judgment  simplicity  and  come-at-ability  of  all  the 
working  parts  should  be  held  paramount  to  the  question  of  whether 
the  connecting  rod  be,  three  and  a  half,  or  be  four  or  five  cranks 
in  length. 

That  we  are  correct  in  this  conclusion  seems  to  be  supported  by 
the  following  statement  of  the  performances  of  four  of  the  admiralty 
despatch  boats,  forming  two  sets,  each  pair  as  nearly  alike  as  pos¬ 
sible,  in  form  and  dimensions  of  ship,  form  of  propeller,  and  equality 
of  power;  but  of  each  pair,  one,  viz.,  the  Rinaldo  and  the  Albion , 
having  short  connecting  rods. 

The  Cameleon  and  Rinalclo  were  built  from  the  same  drawings. 
The  engines  had,  we  believe,  equal  boiler  power.  The  Abouldr 
and  the  Albion  were  also  alike,  and  the  boilers  aud  propellors  as 
nearly  alike  as  two  different  makers,  working  from  a  common  speci¬ 
fication,  could  make  them.  The  results  of  the  trial  of  the  three 
first  trips  have  been  already  published  by  the  Admiralty,  and  the 
report  of  the  fourth  is,  we  believe,  exactly  as  made  by  the  officers 
of  the  Devonport  Yard  to  the  Admiralty.  We  do  not  think  that 
the  results  of  such  trials  can  be  fairly  interpreted  as  showing  aDy- 
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thing  in  favour ,  perhaps,  of  one  set  or  sort  of  engines  more  than 
another ;  but  we  do  think  that,  coupled  with  what  we  have  before 


stated,  they  are  conclusive  in  showing  that  there  is  no  serious  dis¬ 
advantage  in  the  short  rod. 


Names  of  SHirs, 

c5 

to 

a 

a 

o 

H 

Speed. 

Date  of  Trial. 

Length. 

Beam. 

Immersed  Section. 

Displacement. 

Nominal  Power. 

Indicated  Power. 

Ratio — 

Speed,  3  X  Mid-section. 

Indicated  Power. 

Ratio — 

Speed,  3  X  it  Displacement. 

Indicated  Power. 

Knots. 

October  11, 

Feet. 

Ft.  In. 

Feet. 

Tons. 

Cameleon, 

950 

11-02 

1860 

185 

33  2 

282 

933 

200 

905 

416-7 

141-1 

August  9, 

Rinaldo,  . 

950 

11-78 

I860 

185 

33  2 

278 

918 

200 

749 

607 

206 

November  13, 

Aboulnr,  .... 

3091 

9-55 

1858 

204 

60  0 

740 

3150 

400 

1533 

420 

122 

March  22, 

Albion,  .... 

3117 

10-99 

1862 

204 

60  0 

700 

3000 

400 

1838 

505 

161 

The  valve  gear  of  Messrs.  Humphreys  and  Tennant’s  engines 
appears  to  us  to  have  several  advantageous  peculiarities.  Its  princi¬ 
ple  is  that  of  the  double  eccentric  and  vibrating  link,  as  now  common 
to  many  marine  engines ;  but  the  details,  especially  those  of  the 
link  itself,  are  extreme'y  elegant  and  effective.  Almost  all  vibrat¬ 
ing  links  consist  of  a  long  slot  between  two  parallel  curved  (or 
straight)  bars,  in  which  slot  the  sliding  piece  with  its  joint  pin  giving 
motion  directly  to  the  valve,  moves.  Each  of  the  two  side  bars  of 
the  link  may  therefore  be  viewed  as  a  parallel-sided  beam,  exposed 
to  transverse  strains  at  variable  points  along  the  length — these 
strains  being  on  each  bar  always  in  the  same  direction,  viz.,  out¬ 
wards  from  the  slot  between.  The  vibrating  link  in  these  engines 
consists  of  a  single  curved  bar,  parallel  in  breadth  and  thickness 
from  end  to  end,  and  which  passes  through  the  sliding  piece,  i.e., 
in  place  of  a  sliding  piece  between  two  bars,  there  is  one  bar  which 


Fig.  235. 


Fig. 236. 


Guide  Standard— Elevation. 


Fig.  237. 


Guido  Standard— Flan. 


Section. 


slides  through  a  movable 
piece.  The  result  at  once 
is  an  enormous  increase  of 
strength  for  equal  weight  in 
the  vibrating  link  itself ;  the 
single  bar  link  is  to  the 
double  bars,  in  fact,  in  the 
relation  as  to  strength,  of  a 
beam  of  double  the  depth  of 


another ;  that  is  to  say,  it  is  four  times  as  strong  for  equal  thickness ; 
but  this  is  not  the  whole  of  the  advantages  that  appear  to  be 
secured  by  this  link  motion,  the  details  of  construction  of  which 
are  illustrated  in  our  Fig.  235. 


Fig.  238. 


In  Fig.  237  the  guide  standard  for  the  sliding  piece  of  the  link, 
which  is  formed  hollow  and  of  cast-iron,  is  shown  in  front  elevation, 
plan,  and  section,  through  the  level  of  the  oil  box,  and  shows  the 
plan  of  the  parts  beneath.  In  Fig.  238  the  details  are  shown  of  the 
piece  which  slides  in  and 
is  guided  by  the  jaws  of 
this  standard,  and  through 
which  the  vibrating  bar 
passes,  and  slides  in  it, 
transversely  to  the  sliding 
movement  of  the  piece  to 
which  it  transmits  motion, 
and  which  moves  the  slide 
valve.  The  sliding  piece 
is  held  between  V-slides  or 
jaws  in  the  standard,  pro¬ 
vided  with  the  usual  lathe 
slide  adjustments,  so  that 
it  always  moves  free,  but 
without  any  shake.  The 
vibrating  bar  passes  right 
through  this  piece,  and, 
according  to  its  position 
with  regard  to  its  length 
in  relation  to  this  piece, 
gives  the  requisite  motions 
through  it  to  the  valve, 
being  itself  acted  on  by 
the  eccentric  rodsattached 
to  its  extreme  ends ;  but  it  is  necessary  that  the  sliding  piece  should 
not  only  permit  the  vibrating  link  to  slip  through  it,  forward  or  back, 
but  should  also  admit  of  the  link’s  vibrating  within  certain  limits  in 
its  own  plane,  and  round  a  centre  within  the  sliding  piece.  For  this 
purpose  there  are  fitted,  with  suitable  adjustments  within  the  sliding 
piece,  two  pieces  of  gun-metal,  and  disposed,  one  at  either  side  of 
the  link  bearing  against  its  curved  faces,  and  fitted  to  these.  The 
outer  and  opposite  sides  of  these  bearings  are  portions  of  one  cylinder, 
whose  centre  is  in  the  imaginary  centre  of  vibration  of  the  link,  and 
these  bear  against  adjusting  pieces  in  turn,  which  at  the  side  next 
the  valve  are  of  steel. 

Thus,  every  movement  of  the  vibrating  link  and  the  sliding 
piece  to  which  it  gives  immediate  motion  is  provided  for,  and  every 
one  with  its  own  special  adjustments ;  and  yet  the  vibrating  link 
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itself  is  nothing  but  a  plain  bar,  nearly  square  in  section  and  bent 
to  a  circular  curve,  and  the  whole  arrangement  is  one  of  great 
strength  and  durability.  It  seems  to  us,  also,  that  the  position 
assigned  in  these  engines  to  the  hand  wheel  for  starting  and  stop¬ 
ping  the  engines,  is  the  very  best  for  those  of  ships  of  war.  It  is 
placed  at  the  lowest  possible  point,  and  close  at  one  side  of  the  air 
pumps  and  condensors,  and  beside  it  are  the  other  levers,  &c.,  re¬ 
quired.  There  can  be  no  doubt  we  think  that  the  man  who  actually 
handles  the  engines  should,  in  the  heat  of  action,  have  his  mind,  as 
far  as  such  is  possible,  undisturbed  by  any  sense  of  personal  danger. 
This  is  certainly  better  secured  here,  than  when  the  starting  wheel  is 
placed  up  on  top  of  the  condensors ;  and  as  the  latter  is  the  proper 
position  to  be  occupied  in  action  by  the  chief  engineer,  he  can 
transmit  his  orders  to  the  man  actually  handling  the  engines,  from 
within  a  distance  of  seven  or  eight  feet,  and  so,  with  as  little  chance 
of  mistake  as  if  both  were  on  the  same  level.  The  chance  of  the 
starting  wheel  itself  being  struck  by  shot  is  probably  very  small, 
as  both  in  these  and  in  Messrs.  Maudslay’s  engines  they  present  the 
edgeway  of  the  wheel  to  broadside  fire,  and  a  raking  shot  at  such 
a  depth  in  the  ship,  unless  from  a  land  elevated  battery,  is  scarcely 
to  be  assumed ;  but  as  this  is  still  a  possibility,  it  appears  to  us  that 
it  would  still  be  an  improvement  in  the  engines  we  are  now  describ¬ 
ing  were  they  fitted  with  a  second  wheel,  similarly  posited  at  the 
other  side  of  the  engines,  and  so  arranged  that  it  could  be  thrown 
in  with  the  valve  gear  at  a  moment’s  notice.  It  appears  to  us  that 
there  would  be  no  difficulty  in  this,  and  that  with  this  addition  the 
valve  gear  of  these  engines  is  as  nearly  perfect  as  can  well  be 
imagined. 

The  details  of  the  joint  at  the  junction  of  the  piston  and  connecting 
rod,  and  the  means  of  adjustment  provided,  are  also  very  simple  and 
effective,  and  are  shown  (Figs.  239,  240)  in  plan,  and  longitudinal 


Detail  of  Piston  and  Connecting  Rod  Joint. 


Fig.  240. 


and  transverse  sections. 
A  small  bridge  of  brass 
stands  up  over  the  junc¬ 
tion  of  the  main  brasses, 
so  as  to  be  passed  over 
at  each  stroke  by  a  cotton 
thread  dripping  oil.  The 
small  portion  of  lubricant 
licked  off  at  each  such 
passage,  is  directed  down 
into  the  bearing  by  certain 
channels  prepared  in  this 
piece  of  brass. 

The  adjustment  for  wear,  both  of  the  main  brasses  and  of  the  sole 
piece  which  receives  the  rubbing  friction  of  this  connecting  rod-joint 
and  guide,  is  effected  by  means  of  thin  liners  of  rolled  tin  plate  or 
of  sheet  copper,  provision  being  made  for  their  facile  introduction  or 
removal. 

In  Messrs.  Maudslay’s  engines,  as  we  have  stated,  the  relief  valves 


Joint  in  Plan. 


of  the  cylinders  are  connected,  and  capable  of  being  opened  and 
shut  by  operating  upon  a  single  handle  placed  on  the  starting  plat¬ 
form — a  very  decisive  improvement  upon  the  old  methods,  which 
left  the  formidable  impulse  of  the  whole  surface  of  the  piston  coming 
up  against  a  solid  disc  of  water  in  the  cylinder,  to  be  provided  for  by 
the  lifting  of  a  heavily-weighted  and  small  valve,  which  could  seldom 
lift  in  time  to  prevent  the  chance  of  mischief.  The  same  end  is 
accomplished  in  these  engines  of  Messrs.  Humphreys  and  Tennant, 
but  in  another  way,  viz.,  by  opening  a  large  cock  at  each  end  of 
eachcylinder — the  four  cocks  being  all  connected  and  acted  uponbya 
single  lever,  one  of  the  two  at  the  left  hand  of  the  starting  wheel ;  the 
other  lever  at  that  side  being  employed  to  open  the  “  blow-through 
valve,”  and  the  two  levers  at  the  right  hand  of  the  starting  wheel, 
acting  upon  the  steam  admission  and  injection  water. 

Each  cylinder  in  Messrs.  Humphreys  &  Tennant’s  engines  has  a 
three-inch  wayed  cock  at  either  end.  These  cocks  form  part  of 
the  same  casting  with  the  relief  valves,  and  the  outlet  branch  of 
each  cock  is  also  provided  with  an  Indian  rubber  valve  opening  out¬ 
wards,  so  that  these  cocks  can  be  set  wide  open,  even  if  the  engines 
were  going  full  speed,  and  yet  these  valves  prevent  any  rush  of  air 
into  the  vacuum  end  of  the  cylinders,  while  any  water,  whether  of 
condensation  or  by  “  priming,”  is  free  to  escape. 

The  makers  state  that  they  find  this  arrangement  answers  well  in 
practice.  It  appears  to  escape  an  evil  occasionally  alleged  against 
the  lifting  off  of  weights  or  retaining  springs  from  relief  valves  at 
starting,  which  certainly  appears  to  us  not  without  force,  viz.,  that 
particles  of  grit  and  dust  or  coal  are  liable  to  be  drawn  in  and  lodged 
upon  the  seats  of  the  valves  when  thus  left  for  the  moment  free, 
and  that  in  such  case  the  valve  when  again  pressed  back  cannot 
return  staunchly  to  its  seat. 

Messrs.  Robert  Morrison  &  Company,  Ouseburn  Engine  Works, 
Newcastle-on-Tyne,  exhibit  a  pair  of  high  pressure  and  surface-con¬ 
densing  marine  engines,  using  steam  expansively  and  with  variable 
cut  off.  Figs.  241,  242  give  a  side  and  front  elevation  of  these  very 
curiously-arranged  and  certainly  compact  engines.  The  cylinders 
are  vertical  and  inverted  on  top  of  the  engines,  and  along  with  slide 
valve  casings  are  completely  immersed  in  steam. 

The  framing  of  the  engines  which  supports  the  cylinder  is  made 
hollow,  and  contains  the  surface  condensor  and  hot  well  within. 
The  main  shaft  and  cranks  are  beneath,  upon  which  are  four  eccen¬ 
trics  with  parallel  eccentric  rods ;  and  two  levers  moving  radially, 
placed  in  front  of  the  cylinder  casings,  perform  all  the  functions  for 
starting  and  stopping,  &c. ;  all  this  part  of  the  valve  gear  being 
out  of  sight,  and  so  far  as  we  can  see,  equally  out  of  reach  of  exa¬ 
mination  or  repair,  within  the  cylinder  casings. 

The  air  pump  and  cold-water  pump  are  placed  vertically  below 
the  cylinders,  and  worked  by  rods  direct  from  the  pistons.  The 
feed  and  bilge  pumps,  which  seem  but  indifferently  well  arranged 
are  wrought  from  the  crank  shaft  by  an  eccentric  pin.  The  ordi¬ 
nary  and  ihe  expansive  slide  of  each  cylinder  are  arranged  to  be 
worked  by  one  eccentric.  The  two  main  eccentrics  are  connected 
together  and  loose  on  the  shaft,  with  stops  for  going  ahead  or  revers¬ 
ing,  as  long  practised.  The  two  expanding  eccentrics  work  loose 
upon  the  connecting  portions  of  the  preceding,  and  are  provided  with 
proper  stops.  The  effects  of  this  combination  will  be  obvious  to 
those  familiar  with  valve-gear  arrangements.  The  starting  and 
reversing  of  the  engines  is  effected  by  a  small  additional  valve,  intro¬ 
duced  for  that  purpose  only.  The  cylinders  are  eighteen  inches 
diameter,  and  eighteen-inch  stroke.  The  engines  are  of  thirty  horse 
nominal  power,  and  are  stated  to  be  intended  to  work  with  steam 
sixty  pounds  at  pressure,  and  to  cut  off  at  a  sixth  or  less  of  the 
stroke. 

For  mercantile  marine  engines  of  at  all  a  large  size,  we  hold  it 
that  inverted  cylinders  in  any  form  are  a  thing  gone  by,  as  uselessly 
elevating  the  centre  of  gravity  of  the  engines. 
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Messrs.  George  Rennie  &  Sons  (1964)  exhibit  a  pair  of  horizontal 
direct  acting  marine  engines,  illustrated  in  F  ig.  243,  of  two  hundred 
horse  nominal  power,  made  for  H.M.S.  Reindeer.  These  engines 
are  of  a  type  rather  peculiar  to  this  firm,  and  to  which  we  do  not  find 
any  precisely  corresponding  one  upon  the  Continent,  so  far  as  our 
knowledge  goes.  They  have  made  a  considerable  number  of  engines 
of  this  form  for  our  own  and  for  foreign  governments.  In  the  arrange¬ 
ment  of  these  engines,  if  a  line  be  taken  through  the  length  of 
the  crank  shaft,  a  complete  engine  will  be  found  at  either  side  of  it 
—that  is  to  say,  each  cylinder  and  each  air  pump  are,  respectively, 
diagonally  opposite.  These  engines  occupy  in  plan  a  space  of 
sixteen  feet  athwartship  by  eight  and  a  half  feet  fore  and  aft.  The 
cylinders  are  on  the  trunk  plan,  the  connecting  rods  from  the  inner 
ends  of  the  trunks  passing  direct  to  the  crank,  and  being  five  cranks 
in  length.  The  air  pump  opposite  (which  belongs  to  the  other 
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engine,  and  not  to  that  whose  cylinder  we  have  just  referred  to)  looks 
like  a  trunk  and  piston  also,  but  in  reality  it  is  a  single-acting,  hollow 
plunger-air  pump,  with  connecting  rod  going  direct  from  the  crank 
to  the  bottom  of  the  trunk,  close  beside  the  main  rod.  Two 
advantages  are  claimed  by  the  makers  for  this  arrangement — first, 
that  as  each  engine  has  its  own  air  pump  close  beside  its  cylinder  and 
condensor,  the  eduction  passages  are  the  shortest  possible.  Each 
air  pump  is  actuated  from  the  cylinder  of  the  other  engine,  and  being 
single-acting  and  doing  its  work  when  the  hollow  plunger  is  going 
indoors,  at  which  time  the  larger  side  of  the  piston,  undiminished  by 
trunk  area,  is  exposed  to  steam,  so,  as  nearly  a  balance  as  possible,  of 
the  useless  work  of  the  engines  maintained  at  all  periods  of  the 
revolution.  The  feed  and  bilge  pumps  are  placed  parallel  to  the 
path  of  the  pistons  and  immersed  in  the  condensors,  which  they  pass 
quite  through,  so  that  the  valves  are  all  exposed  to  view  and  for 
repair  at  the  rere  end  of  the  condensors. 

The  details  of  these  engines  are  well  considered,  and  the  work¬ 
manship  quite  as  good,  though  perhaps  not  so  showy,  as  anything 


exhibited  in  this  class.  The  valve  gear  is  the  vibrating  link,  and 
four  eccentrics  of  the  usual  forms,  and  the  starting  wheel  (a  single 
one),  is  placed  at  one  side  of  a  condensor,  and  of  course  acts  on  both 
engines,  the  valve  gear  being  so  arranged  as  to  effect  mutual  balance, 
and  hence  avoid  balance  weights.  The  cylinders’  top  and  bottom 
are  not  double  cased.  The  valves  are  equilibrated  cap  slides.  The 
air  pump  valves  are  India  rubber  flaps,  lifting  at  one  side  only,  and 
beating  upon  a  gun-metal  seating,  divided  into  hexagons  like  a  honey 
comb,  so  as  to  give  the  maximum  of  passage  and  of  valve  support 
at  the  same  time.  The  relief  valves  have  cocks  external  to  them, 
much  on  the  same  plan  as  those  of  Messrs.  Humphreys  and  Ten¬ 
ant’s  engines. 

One  of  the  neatest  bits  of  detail  that  struck  us  in  the  contrivances 
about  these  engines,  is  that  by  which  the  brasses  of  the  main  knuckle 
of  the  connecting  rods  are  tightened  up  and  adjusted,  without  putting  a 
hand  inside  the  trunk  after  once  it  is  in 
place.  The  whole  of  that  portion  of  the 
cylindrical  stalk  of  theconnectingrod  that 
is  within  the  trunk,  is  made  of  extra  size, 
and  bored  out  hollow  from  the  place  of 
a  cotter  slot,  in  a  vertical  direction  and 
just  clear  of  the  trunk-mouth,  inwards  to 
the  jaw  of  the  nearest  brass.  Into  this 
hollow  tube  a  cylinder  of  steel  is  passed 
that  fills  it  exactly ;  one  end  of  this  bears 
against  a  steel-plate  bushing,  that  in  turn 
bears  against  the  adjustable  brass  bearing, 
and  the  other  end  of  the  steel  bar  is  borne 
against,  by  a  steel  screw  cotter  and  gib, 
passed  through  the  slot  in  the  connecting 
rod,  so  that  the  steel  bar  has  the  function 
of  transferring  the  action  of  this  gib  and 
cotter,  from  its  actual  position  down  to 
the  bottom  of  the  trunk,  where  it  acts  as 
though  it  were  there  posited. 

That  the  large  majority  of  the  ex¬ 
tremely  numerous  forms  of  marine 
engines,  to  all  which  the  French  give 
names  of  French  designers  and  makers, 
such  as  “The  Type  Nillus,”  “The  Type 
Indret,”  &c.,  are  designs  in  reality  bor¬ 
rowed  andimported,  without  any  acknow¬ 
ledgment,  from  this  country,  is,  we  believe, 
the  fact.  This  particular  type  of  hori¬ 
zontal  engine  has  not,  that  we  are  aware, 
as  yet  received  a  French  baptism. 
Messrs.  Rennie,  however,  inform  us 
that  Admiral  Paris  of  the  Imperial  navy  of  Fiance  lately  stated 
to  them  that  the  “  Messageries  Imperial”  have  now  on  hand  three 
pairs  of  engines,  which  are  avowedly  copied  from  those  made  by  their 
firm  for  the  Pera  and  Candia,  and  that  the  director  of  the  “  Ceotat” 
works  had,  after  consideration,  concluded  upon  their  form  of  vertical 
trunk  cylinders  as  the  best  suited  for  engines  doing  the  duties  of  the 
French  mail  vessels.  Many  other  slightly  modified  types  of  trunk 
engines,  horizontal,  inclined,  and  vertical,  are  much  in  use  in  France, 
although  no  important  example  of  such  occurs  in  the  Exhibition.  But 
notwithstanding  this  array  of  excellent  authority  to  the  contrary,  we 
are  not  persuaded  from  the  opinion  that  the  loss  of  power  by  friction 
must  be  very  great  in  all  trunk  engines;  and  that  even  with  the  most 
superb  workmanship,  it  must  always  great’y  preponderate  over  the 
coefficient  of  total  friction,  of  engines  of  equal  power,  not  on  the  trunk 
construction. 

We  have  examined  in  Messrs.  Rennies’  works  a  pair  of  horizontal 
engines  now  just  finished,  which  were  intended  for  exhibition,  but 
for  which  they  were  denied  space,  which  present  several  points  of 
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larger  cylinders,  and  with  common  axes.  The  large  cylinders  are 
four  times  the  area  of  the  smaller  ones,  and  a  five-  ported  slide  com- 
municatesbetween  the  boilers,  both  cylinders,  and  the  condensors.  The 
steam  passages  are  large  and  short.  The  large  cylinders  in  larger 
engines  would  have  steam  jackets  (where  only  such  are  needed),  the 


being  external  to  these.  These  engines  we  should  expect  to  give 
a  very  favourable  result  as  to  economy  in  working.  Permission 
has  been  lately  given  to  the  makers  to  bring  them  to  the  Exhibition, 
but  they  have  not  thought  it  worth  while  at  this  late  period  to 
do  so. 

2  E 


novelty,  and  embrace  all  the  most  leading  points  now  known  to  be 
the  essentials  of  economy  in  marine  propelling  power.  These  are  a 
pair  of  double -cylindered  horizontal  engines,  the  smaller  cylinders 
working  30  to  50  pounds  steam,  being  placed  at  the  outer  ends  of  the 


smaller  ones  lagging  only.  The  pistons  on  one  common  rod  are 
easily  got  at  from  opposite  ends  of  the  united  cylinders.  The  steam 
is  superheated,  and  can  be  cut  off  by  variable  gear  at  &.  There 
are  surface  condensors,  with  -|-inch  tubes,  the  condensing  water 


Rennie's  200  Horse-power  Engine — Longitudinal  Vertical  Section. 


Fig.  244. 


Fig  243. 


Rennie’s  200  Horse-power  Engine— Plan. 
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These  makers  also  exhibit  a  working  model  of  another  form  of 
horizontal  engines,  with  surface  condensors. 

Amongst  the  engines  having  more  or  less  claims  to  novelty  may 
be  noticed  Messrs.  Burgh  &  Cowan’s  Patent  Trunk  Engine  (1830),  in 
which,  by  a  simple  and  ingenious  device,  they  make  the  areas  of 
both  ends  of  the  pistons  of  trunk  engines  equal,  and  obviate  to  a 
great  extent  the  cooling  effects  which  are  produced  by  the  common 
trunk. 

Fig.  245. 


The  above  illustration,  Fig.  245,  represents  Burgh  &  Cowan’s  Engine 
as  adapted  for  the  screw  propeller.  It  will  be  seen  that  the  two 
piston  rods,  being  secured  to  the  piston,  transmit  motion  to  the  crank 
shaft  by  a  solid  T -  head  guide  (which  works  within  a  recess  inside 
the  cylinder);  the  piston  rods  are  secured  beyond  the  cylinder  to  the 
outer  end  of  the  T-guide,  and  an  equal  balance  is  maintained  by  the 
moving  trunk  in  the  inside  of  the  cylinder  and  the  T-guide  and  on  the 
outside.  The  connecting  rod  works  on  a  pin  in  the  end  of  the  T- 
guide,  and  from  the  centre  of  the  cylinder  to  the  centre  of  the  crank 
shaft  is  the  length  of  the  connecting  rod,  which  thus  has  an  advan¬ 
tage  in  point  of  length.  The  guide  trunk  is  a  simple  casting,  cast  with 
or  bolted  to  the  cylinder,  and  the  guides  are  bored,  insuring  their 
being  parallel.  The  back  of  the  connecting  rod  coming  out  to  the 
end  of  the  trunk,  the  guide  brasses  can  be  lubricated  or  tightened  as 
required.  It  will  be  easily  understood,  say  the  designers,  that  the  aim 
of  these  patent  improvements  is  to  overcome  the  evils  of  the  ordinary 
trunk  engine,  viz.,  the  huge  stuffing  boxes,  and  the  alternate  exposure 
of  the  trunks  to  the  steam  and  atmosphere,  causing  a  great  consump¬ 
tion  of  tallow  and  condensation  of  steam.  In  these  engines  no  piston 
area  is  lost,  in  consequence  of  the  guide  trunks  being  inserted  in  the 
cylinders,  and  the  piston  trunk  working  over  them,  so  that  there  is  a 
clear  space  for  the  steam  to  press  on  the  front  of  the  piston  and 
its  trunk,  and  at  the  back  end  of  the  piston  and  trunk,  in  like 
manner.  A  trunk  is  bolted  on  the  outer  end  of  the  cylinder,  sur¬ 
rounding  the  piston  trunk,  which  thus  works  within  the  back  end 
cover  trunk,  and  over  the  guide  trunk,  in  a  free  space.  By  this 
simple  arrangement  no  area  is  lost  to  the  piston,  at  either  end,  no 
additional  friction  occurs,  no  large  stuffing  boxes  are  required,  and 
a  saving  is  effected  in  steam,  tallow,  and  space.  For  double-cylin¬ 
der  engines  the  improvements  are  deemed  by  the  patentees  particu¬ 
larly  adapted,  as  the  high  pressure  cylinder  is  within  the  low  pressure, 
and  yet  the  full  area  of  both  is  maintained,  also,  they  say,  dispensing 
with  any  annular  piston,  thereby  effecting  a  great  reduction  in 
friction. 

Messrs.  Tod  &  Macgregor  (2009)  show  a  very  peculiarly  arranged 
pair  of  marine  engines  with  inverted  cylinders,  and  Messrs.  Richardson 
&  Sons,  of  Hartlepool,  also  (1965)  present  engines  of  the  same  type. 


Messrs.  Laird  &  Sons,  Birkenhead,  exhibit  a  well-finished  pair  of 
forty  horse-power  nominal  direct  acting  marine  engines. 

Messrs.  Napier  &  Sons,  Glasgow  (1939),  rest  upon  their  well- 
earned  laurels,  and  content  themselves  by  sending  some  drawings  of 
their  executed  engines  in  this  class  ;  and  Randolph  &  Elder  (1 960)  of 
the  same  city  follow  their  example. 

Mr.  Scott  Russell  (1976)  exhibits  a  three-cylinder  marine  engine 
for  screw  propellor,  of  the  collective  nominal  power  of  100  horse¬ 
power.  One  cylinder 
is  vertically  above  the 
shaft,  and  the  two 
others  are  inclined  at 
angles  of  120°  each 
to  the  vertical.  The 
cyli  nders  are  30  inches 
diameter,  the  stroke  36 
inches,  and  all  oscillate 
with  direct  action. 

These  engines  have 
surface  condensors, 
work  expansively  with 
variable  cut  off,  and 
are  intended,  we  un¬ 
derstand,  for  super¬ 
heated  steam.  The 
arrangement  is  sym¬ 
metrical  both  in  form 
and  in  the  distribution 
of  the  strains  or  resistances  and  the  applied  forces ;  and  a 
good  deal  of  ingenuity  is  shown  in  the  simplification  and  adapta¬ 
tion  of  the  valve  gear,  all  acted  upon  by  a  single  starting  wheel. 
We  are,  however,  by  no  means  clear  that  a  mature  consideration 
and  sound  judgment  would  ultimately  pronounce  in  favour  of  the 
advantage  of  engines  of  this  type,  which  approximate  to  those 
designed  by  Mr.  Russell  for  the  paddle  engines  of  the  Great  Eastern, 
and  to  those  long  ago  built  by  Mr.  Guppy  for  the  Great  Britain. 
For  war  purposes  they  certainly  expose  for  equal  power  a  larger 
broadside  and  raking  target  than  horizontal  engines,  and  have  the 
evil,  as  it  seems  to  us,  of  a  screw  shaft  very  high  up  in  the  ship,  or 
brought  down  by  gear,  which  is  perhaps  worse,  and  a  centre  of 
gravity  of  the  whole  system  very  little  below  the  level  of  the 
screw  shaft  itself.  There  is  also  an  array  of  open  steam  pipe, 
neither  sightly  nor  economical.  On  the  other  hand,  as  we  have 
said,  the  strains  are  very  well  disposed,  and  all  parts  of  these  engines, 
which  certainly  combine  all  that  is  suggested  most  recently  as  to 
principle  of  improvement,  are  well  exposed  for  observation  and 
repair. 

These  exhaust  all  that  is  noteworthy  in  the  marine  engines  exhi¬ 
bited  in  the  British  division. 

In  the  foreign  division  of  the  Annexe  the  most  remarkable 
(the  largest  at  least)  of  the  few  marine  engines  shown  is  that 
(1195,  French  catalogue)  of  400  horse  power  (nominal),  by  “La 
Societe  nouvelle  des  forges  et  cliantiers  de  la  Mediterrande,”  whose 
works  were  founded  in  1 856,  and  whose  office  is  at  Paris.  These 
engines,  which  in  general  structure  have  a  certain  very  ugly  family 
likeness  to  Messrs.  Maudslays’,  though  presenting  some  very  singular 
combinations  and  full  of  mechanical  ingenuity,  are  such  as  no  English 
marine  engineer  will  be  found  to  approve  or  imitate.  Things  are 
“  pratiqud”  in  cast-iron  in  them  that,  timorous  race  that  we  in 
England  are.  any  engineer  amongst  us  would  tremble  to  find  exposed 
to  the  chances  of  a  heavy  sea ;  and  this  equally  applies  to  the 
extraordinary  form  of  screw  propellor  that  we  find  in  cast-iron 
attached  to  these  engines,  and  learn  with  surprise  is  one  very 
commonly  adopted  in  French  Mediterranean  ships.  Valve  gear,  with 
a  pretty  large  and  ponderous  assortment  of  toothed  gearing  form- 


Burgli  &  Cowan’s  Patent  Engine. 
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ing  part  of  it,  does  not  meet  our  notions  as  parts  of  work  liable 
to  all  sorts  of  impulsive  efforts ;  yet  no  one  can  refuse  admiring 
the  singular  combinations  by  which  the  changes  of  valve  movement, 
from  going  ahead  to  backing  astern  are  thus  effected.  That  these 
engines  were  designed  by  Mons.  Dupvty  de  Lolme,  as  we  have  heard 
rumoured,  we  can  scarcely  credit ;  and  with  every  disposition  to 
speak  well  of  our  neighbours’  work,  we  are  compelled  to  say  we  find 
little  or  nothing  to  praise  in  these  heavy,  ugly,  and  complicated 
machines.  Yet  these  must  not  be  held  as  fair  samples  of  French 
marine  engines.  We  have  ourselves  been  carried  in  the  Mediter¬ 
ranean  by  French  engines  and  in  French  ships  that  were  far  better 
representations  of  what  Gallic  science  and  workmanship  can  produce  ; 
and  we  experienced  how  well  some  of  their  marine  work  will  stand 
a  “  white  squall”  of  two  days’  duration. 

To  those  at  home  amongst  us  who  may  be  disposed  from  these 
engines  to  underrate  French  marine  work  in  general,  we  would  re¬ 
commend  the  perusal  of  the  great  work  of  M.  Ledieu,  “  Traite 
Elementaire  des  Appareils  a  vapeur  de  navigation,”  &c.,  of  which 
the  first  volume  and  atlas  of  plates  and  tables  have  just  been  pub¬ 
lished. 

A  more  just  and  favourable  judgment  will  arise  also  from  an 
examination  of  the  beautiful  designs  (1181  French  catalogue)  exhi¬ 
bited  by  M.  Armengaud,  aind,  of  Paris,  of  the  engines  of  H.I.M. 
yacht  D'Aigle,  constructed  by  MM.  Mazeline  &  Company,  of  Havre. 
These  are  oscillating  cylinders,  with  separate  steam  and  eduction 
slide-valves,  actuated  by  vibrating  link  motion,  and  generally  of  the 
type  of  the  Holyhead  mail  boat  engines,  though  showing  something 
of  the  same  sort  of  change  that  foreign  breeding  passes  upon  engines 
as  well  as  upon  men.  They  are  of  500  horse  collective  nominal 
power,  work  with  steam  at  nearly  40  lbs.  pressure,  with  separate 
expansive  gear,  and  make  25  revolutions  per  minute.  These  double 
slides,  for  steam  and  eduction,  are  commonly  called  “  Seawards,” 
but  were  in  reality  invented  by  the  late  Francis  Humphrys.  The 
paddle-wheels  are  feathering,  and  nearly  identical  with  those  of  the 
Holyhead  boats.  These  very  handsome  examples  of  French  marine 
engineering  will  be  found  fully  described  in  M.  Armengaud’s  “  Traite 
Theorique  et  Pratique  des  Moteurs  a  Vapeurs,”  to  which  our  space 
obliges  us  to  refer  for  further  details. 

Besides  this  pair  of  French  engines  there  is  but  one  other  marine 
engine  (if  a  fresh  water  boat  engine  may  be  so  called  without  mis¬ 
nomer),  in  the  foreign  department  of  the  Annex4,  of  any  importance 
or  deserving  of  special  notice,  and  this  is  sent  from  Switzerland. 
Messrs.  Escher,  Wyss,  &  Company,  exhibit  this  pair  of  60  horse  nomi¬ 
nal  and  collective  power  engines,  with  double  inclined  cylinders  for 
a  paddle-wheel  boat,  which  are  exhibited  in  a  section  of  the  boat 
itself,  and  with  the  paddles  in  position.  It  is  an  extremely  credit¬ 
able  piece  of  work,  both  in  design  and  execution — indeed  the  latter 
is  in  some  respects  exquisitely  perfect.  There  have  been  few  prin¬ 
ciples  of  improvement  lost  sight  of  in  the  design. 

The  steam  is  to  be  worked,  it  is  stated,  at  60  to  75  lbs.  per 
square  inch,  at  which  pressure  it  passes  into  the  smaller  cylinders  of 
15  inches  diameter  and  24  inch  stroke.  Through  one  slide  valve 
common  to  both  cylinders  it  expands  into  the  larger  one  (in  each 
engine,)  which  is  21-g-  inches  diameter  and  39  inches  stroke.  Both 
cylinders  are  cast  together,  and  are  excellently  well  arranged  as 
iuclincd  cylinders,  so  as  to  come  low  down  in  the  boat,  whose  draught 
is  shallow.  Both  piston  rods,  with  intermediate  parallel  motion 
links  that  look  a  little  complicated,  but  are  really  not  so,  take  on  to 
a  vibrating  beam  inclined  at  45°  to  the  bed  plate  ;  and  between  the 
piston  rods  the  connecting  rod  is  attached,  and  goes  up  to  the 
crank  shaft.  The  framing  is  of  wrought-iron  almost  wholly,  simple 
and  good.  The  condensors,  &c.,  are  between  the  engines,  and  with 
the  donkey  engine  mounted  up  on  top,  do  look  at  first  sight  compli¬ 
cated  enough;  however,  this  is  more  to  the  eye  than  the  under¬ 
standing,  after  a  little  examination.  The  valve  gear  is  the  vibrating 


link,  and  is  arranged  for  expansion  at  Jth  or  ^th.  The  air  pump  is 
single  acting,  17  inches  diameter,  12  inches  stroke,  and  is  worked  by 
the  donkey  engine  faster  than  the  engines  themselves.  The  engines 
combine  arrangements  for  urging  the  draught  of  the  boilers  by  arti¬ 
ficial  means. 

Prussia,  Saxony,  and  smaller  states  of  the  Zollverein  contribute 
nothing  to  marine  engines,  nor  does  Russia.  Sweden,  however,  has 
sent  one  highly  interesting  and  creditable  example  of  her  marine 
engineering.  This  is  a  horizontal  engine,  constructed  at  the  machine 
shipbuilding  works  of  Bergsund,  near  Stockholm,  of  Mr.  A.  W. 
Frestadius,  a  60  horse-power  screw  steam  engine  ordered  for  gun¬ 
boats  of  the  royal  Swedish  navy,  having  double  cylinders  one  within 
the  other.  Engines  of  this  system  have  been  in  use  for  two  years 
past,  and  proved  to  save  one-third  of  the  fuel  as  compared  with  the 
ordinary  engines;  at  the  same  time  it  affords  very  smooth  work¬ 
ing,  the  shock  of  the  engine  when  running  at  the  rate  of  120  revolu¬ 
tions  per  minute  not  being  perceptible  on  the  deck.  The  saving  of 
fuel  is  owing  to  the  cylinder  being  divided  into  an  inner  (high 
pressure),  and  an  outer  (low  pressure)  annular  compartment,  where 
the  previously  used  high  pressure  steam  expands  to  nearly  five  times 
its  volume  before  being  admitted  to  the  condensor.  The  pressure  upon 
the  annular  piston  being  greatest  at  the  beginning  of  the  stroke,  and 
upon  the  inner  or  high  pressure  greatest  at  the  end  (owing  to 
the  decreasing  back  pressure),  the  united  forces  produce  a  force 
on  the  crank  nearly  uniform  throughout  the  stroke.  The  disc 
at  the  back  of  the  crank  shaft  acts  as  a  counterbalance  to  the 
momentum  of  the  movable  parts  of  the  engine,  one  half  of  the  disc 
being  solid  and  the  other  hollow.  This  disc  being  toothed  on  the 
outer  edge,  serves  the  purpose  of  starting  the  engine  (by  means  of  a 
lever)  if  by  chance  the  engine  should  stick  upon  the  centre.  When 
starting,  the  vacuum  in  the  condensor  is  beforehand  produced  by 
means  of  a  blowthrough-cock  and  a  self-acting  valve,  and  at  the 
first  instant  full  steam  is  admitted  to  both  pistons.  The  adoption  of 
a  single  engine  instead  of  two  up  to  100  horse-power  affords  more 
simplicity  in  the  machinery,  and  at  the  same  time  it  saves  power  by 
less  relative  friction  and  less  waste  of  steam  at  the  end  of  the  stroke. 

Such  is  the  description  furnished  with  the  engine — one  which  by 
no  means  describes  its  merits  fully,  and  we  regret  that  the  space 
that  we  can  afford  for  this  part  of  our  subject  precludes  our  extend¬ 
ing  our  own  remarks.  The  valve  gear  arrangements  for  reversing, 
&c.,  are  peculiar,  and  though  not  absolutely  novel  in  this  country, 
are  quite  deserving  of  observation. 

LAND  ENGINES  ( Historical  Sketch). — To  land  engines  properly 
appertains  the  history  of  the  rise  and  progress  of  the  steam  engine; 
for  in  the  successive  attempts  made  to  pump  water  by  fire,  originated 
almost  every  improvement  made  up  to  the  crowning  achievement 
of  Watt,  which  really  first  opened  the  road  to  all  that  has  since  been 
accomplished  by  steam.  The  archaeology  of  invention,  however 
pleasant  as  a  pastime  for  learned  leisure,  has  little  of  practical  value, 
and  this  of  dissatisfaction,  that  like  tracing  the  course  of  a  river  to 
its  source,  the  origin  of  every  invention  is  lost  in  single  threads, 
amidst  the  rough  and  cloudy  heights  of  human  history. 

The  pressure  of  steam  evolved  from  boiling  fluids  must  have  been 
observed  almost  as  soon  as  cooking  flesh  by  boiling  was  known  to  man, 
and  in  volcanic  countries,  the  steam  issuing  from  boiling  springs  could 
not  fail  to  have  impressed  the  rudest  observer  with  some  sense  of 
hidden  power.  Plato  was  perfectly  cognizant  (more  than  350  years 
before  our  era)  of  the  existence  of  water  in  three  states,  as  a  solid, 
a  liquid,  and  a  gaseous  body;  and  although  Aristotle  had  no  clear 
pneumatic  knowledge,  but,  like  all  his  contemporaries,  confounded 
psychology  and  atmology — as  his  own  use  of  the  word  'mu/xa,  like 
the  corresponding  one  in  the  New  Testament,  to  express  in  common, 
spirit  and  the  wind  sufficiently  shows — still  it  is  quite  evident  from  his 
treatise  upon  earthquakes,  that  he  had  a  tolerably  clear  notion  of  the 
elastic  tension  of  steam.  It  is  one  thing,  however,  to  receive  thus 
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the  blurred  image  of  a  natural  fact — quite  another  to  grasp  posses¬ 
sion  of  “the  open  secret,”  as  Carlisle  so  well  calls  every  natural 
truth,  and  use  it  for  what  it  is,  a  power.  Unless  by  man  edu¬ 
cated  up  to  the  point  of  philosophic  investigation,  this  is  never 
done  except  when  urged  by  a  material  end  to  be  at  once  attained. 
This  end,  as  regards  the  uses  of  steam,  seems  with  some  probability 
to  have  been  first  suggested  by  the  deceptions  of  priestcraft. 

Hero,  a  Greek  mathematician  of  Alexandria,  who  wrote  nearly  a 
century  and  a  half  before  the  Christian  era,  is  commonly  quoted  as 
the  first  who,  in  his  “Pneumatica,”  described  substantively  any 
machine  for  deriving  mechanical  motion  from  steam.  But  although 
generally  considered  an  inventor,  it  is  plain  that  he  describes  things 
previously  known,  so  that  it  is  probable  that  the  little  steam  turbine, 
or  reaction  steam  wheel — quite  identical  in  principle  with  the 
engines  of  Ruthven  and  Avery  of  very  recent  days — and  the  boiler 
in  the  shape  of  a  human  head,  with  the  steam  blast  roaring  forth  from 
the  lips,  and  driving  round  a  wheel  with  radial  vanes,  were  con¬ 
trivances  long  in  use  for  exciting  the  superstitious  fears  of  the  igno¬ 
rant,  and  like  very  many  other  ancient  contrivances  was  brought 
into  Europe  hy  “wise  men  from  the  East.”  And  thus  steam  long 
remained,  until  the  great  rousing  of  the  human  mind  throughout 
Europe,  under  the  Emperor  Charles  V.  and  Francis  I.,  with  our  own 
King  Henry  VIII.  The  sixteenth  and  seventeenth  centuries,  in 
shaking  off  much  superstition,  led  the  way  to  those  early  but  great 
discoveries  of  natural  laws,  without  which  even  the  progress  made 
towards  a  steam  engine  before  Watt  would  have  been  impossible. 
The  discoveries  of  Galileo,  Torricelli,  Pascal,  and  Guericke,  were  the 
real  preludes  to  any  sort  of  steam  engine  worthy  the  name.  Da 
Porta,  in  the  last  years  of  the  sixteenth  century,  had  become 
acquainted  with  the  fact  that  a  vacuum  was  produced  by  the  con¬ 
densation  of  steam;  his  “Pneumatics”  gave  this  to  the  world  in 
1601.  In  1612  Solomon  de  Caus,  who  was  architect  and  engineer 
to  Louis  XIII.,  and  a  man  of  singular  ingenuity  and  accuracy  of 
knowledge  in  his  day,  came  to  England  in  the  suite  of  the  Elector 
Palatine,  husband  of  James  I.’s  daughter,  and  was  engaged  as  the 
“  Paxton  ”  of  his  time  in  adorning  and  fountainizing  the  grounds  of  the 
Prince  of  Wales’  palace  at  Richmond.  He  seems  to  have  returned  to 
Germany,  and  about  1615  to  have  written  at  Heidelberg  his  work,  pub¬ 
lished  at  Paris  in  1623,  entitled  “  Les  Raisons  des  forces  mouvantes 
avec  diverses  machines,”  &c.,  in  which  he  describes  the  method 
of  forcing  water  to  a  great  height  by  ejecting  it  in  a  boiling  state  by 
the  pressure  of  the  steam  generated  in  the  vessel  containing  the 
water.  This  was  apparently  the  first  rude  idea,  upon  which  the 
Marquis  of  Worcester  improved  in  his  project  for  the  same  purpose, 
described  briefly  but  clearly  in  his  “Century  of  the  Names  and 
Scantlings  of  Inventions,”  a  pamphlet  written  in  1659,  and  published 
in  1663.  It  is  observable  that  in  the  particular  passage  he  shows 
himself  fully  aware  of  the  twofold  production  of  power  by  steam, 
viz.,  by  tension  and  by  vacuum ,  Le  ,  by  suction  upwards,  “  intra 
spha?ram  activitatis;  ”  and  his  improvement  on  De  Caus  appears  to 
have  consisted  in  boiling  the  water  in  a  separate  vessel  from  that  out 
of  which  the  water  was  ejected. 

Meanwhile,  the  old  notions  of  movement  direct  by  the  steam  jet 
were  still  lumbering  in  the  minds  of  ingenious  men.  Branca,  one 
of  those  men  of  versatile  ingenuity,  like  Leonardo  da  Vinci,  of 
whom  the  Italy  of  those  days  produced  so  many — also  an  engineer 
and  architect — in  a  work  dedicated  to  one  of  the  Da  Cenci  family, 
governor  of  Loretto  in  1629,  revived  the  old  wheel  with  vanes 
driven  round  by  a  steam  jet ;  and  in  1648  Bishop  Wilkins,  in  our 
own  country,  described  a  roasting  jack  thus  driven,  the  wheel  being 
placed  in  the  chimney  ;  and  these  notions  are  even  yet  not  quite 
in  limbo,  as  Pilbrow’s  engine  of  only  a  few  years  since  proved. 

So  far  we  have  found  no  thought  of  a  piston  and  cylinder. 
Guericke  had  familiarized  the  leaders  of  knowledge  with  these  in 
action  with  elastic  fluids ;  Boyle  and  Hooke,  Wallis,  Wren,  and 


Newton,  were  occupied  with  them  in  England ;  and  in  1682  Sir 
Samuel  Morland,  who  was  master  of  works  to  Charles  II.,  and  had 
been  in  France  executing  water  works  for  Louis  XIV.,  published 
his  “Principles  of  the  New  Force  of  Fire,”  &e.,  in  which,  so  far  as 
his  ideas  can  be  now  understood,  he  proposed  to  force  up  water  by 
cylinders  “half  filled  with  water,”  i.  e.,  the  water  space  divided 
from  the  steam  space  by  some  sort  of  diaphragm. 

The  next  great  step  was  due  to  Papin,  a  French  physician,  a 
native  of  Blois,  who  came  to  London  and  was  the  experimental 
associate  of  Boyle  and  the  early  members  of  the  Royal  Society,  of 
which  he  was  elected  a  fellow  in  1682.  About  1688  or  1690  he 
was  the  first  clearly  to  describe  and  execute  in  model  the  means  of 
driving  a  piston  by  steam,  the  lower  part  of  the  cylinder  being  the 
boiler.  When  the  water  was  evaporated  the  piston  was  raised, 
and  when  it  was  condensed,  by  the  cooling  of  the  exterior  of  the 
vessel,  it  was  depressed ;  and  Papin  distinctly  describes  how  this 
twofold  movement  may  be  employed  to  drive  pumps,  paddle  wheels, 
and  other  machinery.  Ten  years  before,  he  had  invented  the  safety 
valve  in  connection  with  his  “  marmite”  or  digester. 

The  first  genuine  steam  engine  .producing  power  transferable  to 
solids,  is  therefore  due  to  Papin,  though  but  little  seems  to  have 
come  of  his  invention  ;  for  the  great  want  of  the  time  was  a  means 
to  pump  water.  Royal  luxury  demanded  this  for  palaces  and 
gardens.  Mining  was  carried  on  under  disadvantages  often  fatal 
to  its  pursuit,  from  the  difficulty  of  unwatering  its  deeper  excava¬ 
tions.  One  colliery  alone  in  Warwickshire,  at  a  little  later  period, 
employed  fifty  horses  in  pumping,  and  many  of  the  Cornish  copper 
mines  were  on  the  point  of  being  abandoned  on  account  of  the  in¬ 
crease  of  depth  and  of  water.  Hence  it  was  that  the  very  crudest 
early  projects  for  forcing  up  water  by  the  direct  action  of  steam 
occupied  much  more  attention,  and  were  realized  upon  a  large  scale, 
a  good  while  before  any  engine  to  actuate  machinery  was  seriously 
agitated ;  and  thus  it  is  that  Sa vary’s,  or  Captain  Sa vary’s  (as  he 
was  called  from  his  mining  connection  in  Cornwall)  part  in  the  pro¬ 
gress  of  the  steam  engine,  has  come  to  stand  out  in  higher  relief 
than  it  truly  deserves.  Savary  in  reality  did  little  more  than  what 
De  Caus  had  done  before  him,  and  a  machine  for  raising  water 
appears,  on  the  authority  of  the  diary  of  Cosmo  de  Medici,  to  have 
been  actually  constructed  and  at  work  on  the  plan  either  of  De 
Caus  or  of  Worcester,  as  early  as  1656,  on  the  Thames,  within  a 
mile  or  two  of  the  present  Exhibition  building. 

Savary’s  engine  of  1698  combined  the  sucking  up  (which,  as  we 
see,  Worcester  was  clearly  in  possession  of)  by  vacuum  with  the 
expulsion  to  a  level  above  the  boiler  by  tension.  A  full  account  of 
it,  with  quaint  engravings,  will  be  found  in  Switzer’s  curious  old 
work  on  hydraulics.  Dcsaguliers  improved  on  Savary’s  plan,  and 
Papin  again  came  before  the  Royal  Society  with  projects  of  further 
improvement,  to  the  record  of  which  a  note  is  appended  in  the 
hand  of  Sir  Isaac  Newton.  A  considerable  number  of  these  engines 
was  erected  both  by  Savary  himself,  and  as  improved  by  Desaguliers 
(but  with  rather  indifferent  success),  the  last  one  about  1717.  Kier 
and  others  had  applied  Savary’s  arrangements  to  pump  up  water 
and  deliver  it  upon  a  water  wheel ;  and  this  was  the  only  attempt 
to  produce  continuous  rotation  by  steam  that  was  effectively  in  use 
before  Watt’s  invention.  The  useful  effect  realized  must  have  been 
insignificantly  small,  in  proportion  to  the  heat  expended.  Very 
much  later  Smeaton  proposed  to  pump  water  by  an  atmospheric 
engine  upon  a  water  wheel,  to  drive  steadily  a  corn  mill.  Meanwhile 
two  men  of  the  then  remote  Dartmouth  in  Devon — Newcomen,  an 
ironmonger,  and  Calley,  or  Cayley,  a  plumber  (and  both  anabaptists, 
as  it  is  always  added) — were  hard  at  work,  probably  assisted  con¬ 
siderably  by  Dr.  Hooke,  in  combining  Savary’s  and  Papin’s  notions, 
which  resulted  in  1705  in  the  complete  separation  of  boiler  and 
cylinder;  in  1711  or  1712  in  the  atmospheric  engine,  with  con¬ 
densation  by  a  jet  of  water  thrown  into  the  cylinder,  and  employed 
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to  lift  water  by  pumps  from  coal  pits,  and  actually  set  to  work  near 
Wolverhampton. 

At  first  its  ingress  and  egress  apertures  were  only  moved  by  hand, 
but  within  a  year  the  engine  tender  boy  (Potter)  in  charge  of  it  (no 
doubt  a  Stephenson  if  he  had  had  luck  and  a  biographer)  found  out 
the  way  to  make  these  work  from  the  engine  itself.  Beighton  of  New¬ 
castle,  in  1718,  profited  by  the  hint,  and  brought  the  atmospheric 
engine  to  much  the  condition  in  which  it  remained  up  to  Smeaton’s 
day.  He  greatly  improved  its  proportions  and  was  aware  of  the 
importance  of  economizing  the  heat  of  the  cylinder,  for  which  he 
presented  many  ingenious  devices,  but  he  failed  to  see  “  the  one  thing 
needful”  now  remaining  to  confer  immortality  on  Watt.  Smeaton 
was  the  first  to  propose  a  portable  atmospheric  pumping  engine,  the 
first  engine  with  independent  framing,  to  unwater  excavations.  The 
best  of  his  atmospheric  engines,  such  as  those  of  Chasewater  and 
Long  Benton  expended  nearly  63  cubic  feet  of  steam  (a  little  above 
atmospheric  pressure)  per  minute  for  each  horse  power  of  useful 
effort,  or  8’39  cubic  feet  of  water  were  raised  one  foot  high  by  each 
cubic  foot  of  steam.  Very  nearly  one  half  of  the  entire  steam  evolved 
was  absolutely  wasted  as  respected  utility ;  and  such  was  the  state 
of  the  condensing  engine  from  1770  to  1780. 

In  1720  the  first  machine  really  worthy  of  the  name  of  a  high- 
pressure  engine  was  described  by  Leupold  in  his  “Theatrum  Machin- 
arum,”  and  it  is  perhaps  the  first  example  of  a  steam  valve  or  cock 
with  multiple  passages. 

It  would  be  impertinent  here,  even  if  space  allowed,  to  attempt  a 
complete  sketch  of  the  rise  and  progress  of  Watt’s  improvements. 
About  1759  he  appears  to  have  first  turned  his  attention  to  the  sub¬ 
ject,  but  from  1763,  when  he  undertook  to  repair  the  model  of  the 
Newcomen  engine  belonging  to  the  University  of  Glasgow  (that  little 
ugly  old  bit  of  joinery  and  tinker’s  work  that  has  now  become  a 
historic  monument),  dates  the  true  epoch  of  his  discovery  and  of  the 
“  age  of  steam.”  Watt,  educated  with  something  of  the  precision 
of  thought  that  a  mathematical-instrument  maker  requires,  had 
accuracy  and  keenness  given  to  his  naturally  philosophic  mind,  and 
was  sustained  and  assisted  by  constant  converse  with  some  of  the 
greatest  minds  that  Scotland  then  possessed — with  Black,  Roebuck, 
Anderson,  and  Robison.  He  started  from  the  outset  scientifically  ; 
he  laboured  to  discover  principles ;  and  having  obtained  and  reasoned 
upon  these,  he  slowly  and  cautiously  combined  them  in  the  concrete 
parts,  that  appeared  most  suitable  for  an  actual  machine,  and  in  1769 
obtained  his  first  patent.  In  a  few  clear  and  pregnant  sentences  of 
the  brief  specification  of  this  remarkable  patent,  he  describes  that 
which  was  the  essence  of  his  great  invention,  “  condensation  in  a 
separate  vessel."  He  comprises  his  improvements  under  five  heads, 
in  brief  thus : — 1st,  The  steam  vessel  or  cylinder  is  to  be  always 
kept  hot— “  nothing  colder  than  the  steam  to  touch  it.”  It  is  to  be 
steam  or  otherwise  jacketted.  2nd,  The  condensor  is  to  be  kept  as 
cold  as  the  neighbouring  air  by  the  application  of  water,  &c.  3rd, 
The  air  disengaged  from  the  water  or  any  uncondensed  vapour  are 
to  be  withdrawn  from  the  condensor,  &c.,  by  means  of  a  pump.  4th, 
He  proposes  to  employ  the  expansive  force  of  steam  to  press  on  the 
pistons  in  place  of  the  atmosphere  ,  and  engines  (high  pressure)  may 
without  condensation  be  wrought  by  this  force  only.  5th,  He  dis¬ 
penses  with  water  for  making  pistons  steam-tight,  and  employs  oils 
or  certain  other  bodies. 

In  this  same  year  Watt  invented  the  method  of  “  culling  off''  or 
using  steam  expansively ;  in  1777  the  double-acting  engine,  and  the 
crank  to  produce  rotation  from  it.  This  was  patented  by  another, 
and  the  sun  and  planet  wheels  were  produced  instead.  Within  two 
years  he  had  perfected  his  arrangements  for  producing  rotary 
movements  from  his  double-acting  engine,  and  in  1784  he  published 
and  patented  his  parallel  motion,  the  centrifugal  governor ,  the 
throttle  valve  on  which  it  acted,  the  counter  for  registering  the 
strokes,  and  the  indicator  for  ascertaining  the  power  of  the  engine. 


Like  every  great  invention  or  discovery,  there  is  no  doubt  that 
Watt’s  was  made  at  a  moment  when  many  men’s  minds  were  turned 
to  the  same  subjects,  and  when  more  than  he  stood  more  or  less 
near  to  the  edge  of  the  well  of  truth,  in  which  was  reflected  what  he 
alone  was  the  first  to  see  clearly.  Thus,  in  1781,  Hornblower,  a 
Cornish  engineer,  patented  his  double- cylinder  expansive  engine,  and 
there  is  no  sufficient  reason  to  believe  that  he  was  not  an  independ 
ent  inventor,  though  bitter  controversies  arose  between  him  and  the 
firm  of  Boulton  &  Watt  of  Soho,  with  which  Watt  was  nowjoined. 

Expansive  steam  had  not  escaped  Watt,  but  carrying  it  out  by 
two  cylinders  had.  In  this  one  point  alone  almost  does  he  seem  to 
have  left  any  great  point  for  his  successors.  Hornblower  was  ham¬ 
pered  by  Watt’s  patent,  so  that  Woolf  was  the  first  to  combine  the 
double- cylinder  with  Watt's  condensor,  and  the  engine  so  constructed 
still  goes  by  his  name. 

The  performance  of  Watt’s  earliest  rotative  engines  was  mira¬ 
culous,  considering  the  means  and  materials  at  his  disposal,  and  the 
state  of  tools  and  workmanship  in  his  time.  The  writer  had  several 
times  under  his  own  professional  charge  for  repairs  a  20-horse 
rotative  engine,  erected  at  Dublin  (the  first  engine  ever  erected 
in  Ireland)  by  Watt  in  1780,  for  a  starch  manufactory,  and  which 
was  still  at  work  up  to  about  1845,  and  in  1840  was  actuallyreturn¬ 
ing  nearly  as  good  a  duty  as  the  best  modern  engines. 

These  early  engines,  and  even  the  latest  made  before  the  death  of 
Mr.  Watt  at  Soho,  were  very  much  less  attractive-looking  machines 
than  those  which  now  glitter  in  the  Exhibition ;  but  the  improve¬ 
ments  and  changes  that  have  been  effected  since  his  day,  though  not 
to  be  underrated,  have  been  chiefly  in  simplification  and  better  pro¬ 
portion  of  parts,  made  with  far  better  materials  than  Watt  could 
command  on  the  same  scale ;  adaptations  of  special  forms  of 
engines ;  arrangement  of  parts,  and  more  particularly  of  valve  gear 
to  special  ends;  and  a  continual  perfectionizing  of  workmanship, 
due  to  the  continual  improvements  in  tools  and  in  metallic  processes 
generally,  admitting  of  achievements  in  reducing  space  and  weight 
in  proportion  to  power ;  and  generally  in  making  the  steam  engine 
the  familiar  every-day  slave  to  man’s  every-day  wants,  from  picking 
up  a  pin  to  lifting  a  ship  out  of  water,  that  we  now  see  it  constantly 
before  us. 

Division  of  labour  in  the  half  century  since  Watt’s  day  has  had 
its  effect.  Cornish  engineers,  devoting  all  their  powers  to  pumping 
engines,  have  brought  these  from  a  duty  in  1808  of  20,000,000  foot 
pounds,  with  94  lbs.  of  coal,  to  125,000,000  foot  pounds,  with  the 
same  weight  of  coal,  in  1835,  and  to  a  still  higher  duty  now.  Marine 
engines  which  we  have  described,  and  locomotives,  have  been 
creations  since  his  time,  but  mainly  on  his  archetype ;  and  for 
numerous  other  special  applications — such  as  factory  engines,  blast 
engines,  engines  for  sugar  and  other  colonial  machinery,  for  hoistiug 
and  crane  work — special  makers  now  are  found,  each  bringing  his 
own  work  to  greater  perfection. 

In  all  of  these  the  future  of  engine-making  looks  for  its  further 
triumphs  to  the  applications  of  the  more  exact  knowledge  now  pos¬ 
sessed  of  the  relations  between  heat  and  force,  and  to  better  means 
of  consuming  fuel  perfectly,  i.e.,  to  improved  boilers. 

LAND  ENGINES. — Such  of  these  as  we  shall  be  enabled  to  notice 
we  will  take  generally  in  the  order  of  the  Catalogue,  and  hence  as 
regards  the  makers’  names  alphabetically,  but  uniting  together 
engines  of  like  class  occasionally. 

Barrett,  Exall,  &  Andrewes  (1791),  Reading — a  30  horse-power 
horizontal  double  cylinder  high  pressure  and  condensing  engine ;  a 
very  compact,  well-  arranged,  and  simple  machine — Fig.  246.  Its  con¬ 
struction  need  not  be  described  in  detail.  The  workmanship  is  good, 
and  the  price  as  stated  by  the  makers  (who  are  ready  to  guarantee, 
they  state,  a  consumption  of  fuel  not  exceeding  2)-  lbs.  of  coal  per 
hour  per  indicated  horse-power)  is  moderate.  This  firm  also  shows 
a  pillar  engine  with  inverted  cylinders,  for  directly  driving  a  line  of 
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ground  shafting.  It  occupies  little  space,  and  its  parts  are  accessible. 
They  also  show  small  horizontal  high  pressure  engines  for  farm  use, 
&c.,  on  fixed  beds,  of  a  good  description. 

E.  T.  Bellhouse  &  Company  (1797),  Manchester,  show  a  very 
good  and  substantial  4  horse-power  high  pressure  horizontal  engine, 


Carrett,  Marshall,  &  Company  (1813),  Leeds,  show  a  double  cylinder 
horizontal  condensing  engine,  with  one  slide  valve,  above  and  between 
the  cylinders,  giving  short  steam  passages,  Fig.  248.  It  is  a  creditable 
piece  of  work.  It  would  not  have  been  difficult  to  have  made  it  more 
compact  as  to  length,  by  a  slightly  different  arrangement  as  to  the 


Fig.  24 e. 


Barrett  &  Co.’s  Double  Cylinder  High  Pressure  Expansive  and  Condensing  Engines,  30  horse  power. 


Fig.  247,  working  expansively.  They  also  exhibit  pumps,  and 
models  of  cotton  pressers,  &c. 

Beilis  &  Seekings  (1798),  Birmingham,  exhibit  a  2|  horse-power 
vertical  high  pressure  engine,  with  some  peculiarity  about  the 


arrangement  of  the  framing  and  working  parts.  This  engine  looks 
odd,  not  unlike  a  steam  hammer  promoted  into  an  engine ;  but  it  is 
not  devoid  of  merit.  It  is  a  sort  of  small  engine,  that  would  bear  a 
great  deal  of  hard  work  and  hard  usage,  and  the  prices  at  which 
they  are  offered  are  very  small. 


air  pump  and  condensor.  They  also  exhibit  a  number  of  small  and 
large,  direct  acting  high-pressure  engines,  some  of  which,  as  Fig.  249, 
are  attached  to  the  boiler  as  a  foundation.  The  tubes  of  the  latter 
are  vertical,  and  the  interior  is  accessible  by  a  manlid  for  cleaning  out. 
It  is  a  convenient  form  of  engine  for  small  manufacturers, 
being  made  up  to  four  or  five  horse-power.  For  a  larger 
class  of  high-pressure  engines  up  to  twenty-five  horse-power 
they  adopt  the  form  (Fig.  250),  which  is  also  of  the  steam 
hammer  type,  and  to  which  they  apply  expansive  gear,  with 
variable  cut  off.  These  engines  do  not  please  the  eye 
perhaps,  but  they  are  a  strong,  durable  piece  of  work.  This 
firm  has  become  distinguished  for  the  manufacture  of  direct 
acting  steam  pumps,  of  which  several  are  exhibited.  Fig. 
251  is  a  donkey  engine  for  feeding  land  boilers,  &c.,  deliver¬ 
ing  700  gallons  per  hour ;  Fig.  252,  for  feeding  marine  or 
locomotive  boilers,  made  in  various  sizes  from  the  preceding 
minimum ;  and  Fig.  253,  a  larger  form  of  steam  pump, 
capable  of  being  applied  as  a  fixed  steam  fire-engine,  and 
delivering  10,000  gallons  per  hour,  and  stated  to  be  strong 
enough  for  that  delivery  at  125  feet  of  elevation.  All 
those  steam  pumps  have  metallic  valves,  and  air  vessels  on 
the  suction  and  delivering  valves.  In  one  respect  they 
appeared  to  us  as  capable  of  improvement ;  the  air  vessels 
are  of  cast-iron,  and  frequently  flanged  jointed  near  the  top 
— i.e.,  in  the  region  of  air,  where  thus  liable  to  leak.  All 
air  vessels  are  best  of  copper ;  even  cast  in  one  piece,  it  is 
difficult  to  insure  a  cast-iron  one  tight — but  in  any  case  the 
top  part  should  be  cast  in  one  piece. 

Clayton,  Shuttleworth,  &  Company  (1824),  Lincoln,  exhibit 
horizontal  engines  on  table  beds  in  two  sizes,  each  working  double 
acting  horizontal  pumps,  employed  to  lift  water  for  the  Exhibition 
building.  In  the  largest  example  the  motion  of  the  engine  is  taken 
oft'  by  a  fifteen  or  sixteen  inch  india  rubber  belt,  to  slow  the  motion 


Fig.  247. 


Bellhouse’s  4  Horse  Power  Engine. 
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of  the  engines  before  reaching  the  pumps.  The  latter,  however, 
still  move  by  much  too  fast  for  economy  either  in  power  or  wear  and 
tear,  and  the  shock  at  change  of  stroke  is  considerable. 


axis  of  the  cylinder  itself  moving  against  a  ported  face.  There  is 
great  apparent  simplicity  in  this  arrangement — which  is,  however,  far 
from  novel,  the  writer  having  seen  it  in  use  many  years  since — and 


Garrett,  Marshall,  &  Company’s  High  and  Low  Pressure  Direct-action  Condensing  Steam  Engine. 


Chaplin  &  Company  (1819),  Glasgow,  show  some  very  good  small 
high-pressure  engines  for  contractors’  use,  applicable  to  circular  saws, 
pug  mills,  steam  cranes,  &c. ;  and  a  very  cheap  form  of  locomotive 
for  contractors’  use. 


has  the  disadvantages  of  imperfect  lead  and  unequal  wear  of  the 
valve  faces. 

Greening  &  Company  (1867),  Manchester,  also  exhibit  another 
engine  of  this  type,  “  with  a  simplified  surface  valve.” 


Fig.  249. 


Fig.  250. 


J.  Davis  (1834),  Ulverstone,  shows  a  small  horizontal  oscillating 
cylinder  high-pressure  engine  in  which  the  steam  is  admitted  and 
passed  away  through  valve  apertures,  opened  and  closed  by  the  hollow 


Faucett,  Preston,  &  Company  (1850),  Liverpool,  exhibit  a  complete 
suite  of  sugar  machinery,  with  the  vertical  cylinder,  columnar-framed, 
beam,  high-pressure  engine,  which  they  are  accustomed  to  supply 
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Fig.  253. 


for  actuating  their  sugar  mills — a  class  of  work  for  which  their  old 
aud  respectable  house  has  been  celebrated  since  the  days  of  its 
founder  the  late  Mr.  Faucett  of 
Liverpool.  The  whole  train  of 
machinery  exhibited  by  them 
comprised  in  Figs.  254 — 257. 

Fig.  252. 


except  Aspinal’s  patent  open  evaporating  pan,  and  Mornay’s  centri¬ 
fugal  machines,  of  which  account  will  be  given  elsewhere.  In  the 

Figs.  251,  255. 


End  Elevation. 


Non-Condensing  Vertical  Engine  and  Sugar-Cane  Mill— Side  Elevation. 

construction  of  this  engine  there  are  no  points  of  novelty — the  objects 
aimed  at  being  to  make  a  machine  that  in  the  roughest  hands  shall 


be  least  liable  to  go  out  of  order,  and  of  which  any  part  may  be 
replaced  with  most  facility,  if  broken,  in  countries  where  negro  labour 
is  chiefly  found,  and  skilled  artificers  are  rare.  These  are  conside¬ 
rations,  which  experience  in  sugar-producing  countries  is  said  to 
have  shown  to  be  even  paramount  to  any  complexity  resulting  in 
extensive  economy  of  fuel,  of  which  the  “  Canetrash  ”  affords  a  con¬ 
siderable  supply.  We  have  thus  in  this  engine  a  belted  cylinder 
and  simple  short  slide  (which  for  a  European  engine  would  be  now 
an  anomaly),  a  pair  of  guides  in  place  of  a  parallel  motion,  a 
wrought-iron  connecting  rod,  and  great  strength  in  all  the  parts, 
with  a  good  mechanical  proportioning  of  strength  to  stress  in  the 
various  working  parts.  Several  hundreds  of  these  engines  of  various 
sizes  are  stated  by  the  makers  to  be  now  at  work  in  Cuba  alone. 

As  regards  the  sugar  mill  attached  to  this  engine,  the  chief  point  of 
novelty  is  that  the  headstocks  are  cast  in  one  piece,  which  is  found 
to  be  the  best  security  against  breakage.  An  objection  made  to 
mills  thus  made,  has  been,  that  there  may  be  a  probable  difficulty  in 
getting  out  the  rolls  if  requisite.  This  the  makers  have  overcome 
by  an  improvement  in  the  method  of  fitting  on  the  roller  wheels, 
by  which  they  can  be  detached  without  difficulty  or  loss  of  time. 
In  point  of  material  and  workmanship  the  whole  of  this  machinery 
appears  excellent ;  and  all  ornament,  for  the  sake  of  which,  the  form 
of  castings  is  often  so  changed  as  to  induce  weakness,  is  wisely 
avoided. 

J.  Ferrabee  &  Company  (1852),  Stroud,  produce  an  upright  direct- 
acting  high-pressure  engine  with  variable  expansion,  and  with  rather 
an  ingenious  mode  of  altering  the  “  cut-off”  by  the  action  of  the 
governor— being,  in  fact,  a  separate  link  motion, 
moved  by  two  eccentrics  (altogether  independent 
of  the  valve  gear)  moving  twice  as  fast  as  the 
fly-shaft,  and  the  sliding  block  of  this  link  pulled 
back  and  forwards  by  the  governor. 

Forrester  &  Company  (1855),  Liverpool — 
another  of  the  experienced  firms  in  colonial 
machinery — exhibit  a  complete  train  of  engine 
and  sugar  machinery  prepared  for  the  Pacha  of 
Egypt.  The  engine,  to  which  the  vacuum  pumps 
are  integral  parts,  is  very  much  on  the  construc¬ 
tion  of  that  described  (1850). 

Gough  &  Company  (1864),  of  Manchester, 
show  some  of  their  small  contractors’  or  builders’ 
engines  (applicable,  however,  to  an  infinity  of 
other  purposes),  for  which  they  have  long  been 
well  known. 

Hackworth,  of  Darlington  — a  name  historical 
in  connection  with  the  early  progress  of  the 
locomotive — produces  a  condensing  engine  and 
model. 

The  most  remarkable  model,  however,  of  a 
land  engine  exhibited,  is  by  Messrs.  Harvey  & 
Company  (1880),  Hayle,  Cornwall,  intended  to 
illustrate  the  arrangements  adopted  by  them  in 
large  pumping  engines,  such  as  those  of  the 
London  Water  Companies.  It  is  a  working 
model,  the  engine,  with  hand  gear  and  intermit¬ 
tent  stroke,  regulated  by  “cataract,”  and  working 
a  plunger  pump.  It  is  to  be  viewed  as  merely 
illustrative,  and  is  not,  therefore,  made  to  scale 
reduced  from  any  larger  engine. 

J.  Imray  (1895),  Lambeth,  has  supplied 
several  examples  of  high-pressure  engines,  two  of 
which  are  employed  in  driving  machinery  in  the 
building  —  a  twenty  and  a  seven  horse-power. 
The  general  construction  (Fig.  258)  is  the  ordinary  one  of  horizontal 
engines,  but  there  are  a  few  good  points  of  constructive  detail. 
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The  Led  plate  is  simple,  and  arranged  so  that  the  engine  can  work  absence  of  complete  valve  arrangements  for  expansion,  these  engines 
either  right  or  left,  with  which  view  also  the  steam  and  exit  passages  cannot  be  adduced  as  examples  in  respect  to  economy.  They  per- 


End  Elevation.  Horizontal  High-pressure  Engine,  with  Vacuum  Apparatus  for  the  Manufacture  of  Sugar.  Side  Elevation. 


are  formed.  The  piston  guides  are  adjustably  fitted  to  the  bed,  |  form  well,  however,  and  have  the  merit  of  extreme  simplicity  in  detail, 
and  in  cross  section  the  guide  brasses  are  circular  about  the  piston  |  with  durability. 

Knowelden  &  Edwards 
(1901),  Southwark,  exhibit  a 
curious  (we  don’t  think  we 
would  be  justified  as  yet  in 
saying  more)  form  of  three 
cylinder  engine,  the  general 
notion  of  which  is  shown  in 
Fig.  2G1.  It  consists  of 
three  cylinders  arranged  at 
120°  apart,  round  a  single 
shaft.  Each  cylinder  has 
got  a  trunk  piston,  with  a 
short  connecting-rod  and 
spherical  knuckle  joint  at  the 
bottom  of  the  trunks.  The 
the  surface  areas  above  and  below  the 
proposed  to  take  advantage  of  this,  and 


Imray’s  Seven  Horse-power  Engine— Plan. 


rod  axis  or  centre ;  and  the  arrangements  are  such,  that  cross 
strains  upon  the  connecting  rod  and  the  neck  of  the  crank, 
&c.,  are  not  possible  to  be  produced  by  the  gradual  going  out  of 
level  of  the  fly  shaft  by  the  wear  of  its  bearings  or  sinking  of 
foundation. 

Fig.  259  is  a  transverse  section  of  the  piston  guide  through  the 
pin  which  unites  the  connecting  rod  and  piston  rod.  The  one 
eccentric  works  the  valve  gear,  and  also  by  the  attachment  of  a 
second  rod,  as  shown  in  Fig.  260,  works  the  feed  pump.  The 


trunks  are  very  large,  so  that 
pistons  differ  largely,  and  it  is 


Fig.  259. 


Fig.  260. 


Sectional  Detail  of  Guides.  Detail  ot  Eccentric. 

latter  is  bolted  to  one  side  of  the  bed  plate,  and  is  provided  with  a 
small  safety-valve  very  simply  managed,  so  as  to  avoid  destruction 
to  the  pump  in  the  event  of  stoppage  of  the  feed-pipe  to  the  boilers, 
and  also  to  give  notice  of  such  an  accident.  The  governor  is  skil¬ 
fully  placed,  and  by  a  neat  arrangement  acts  upon  the  throttle  valve. 
The  crank  is  a  disc  to  put  the  engines  in  balance.  It  would  more 
lully  carry  out  one  of  the  leading  notions  of  the  engine  were  the 
crank  neck  made  spherical,  which  might  easily  be  done.  From  the 


Kuowclden’s  Engine. 

by  admitting  high-pressure  steam  above  the  pistons— —z.c.j  into  the 
less  area— and  expanding  from  above  the  first  piston,  to  the  greater 

2  F 
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area  below  the  second,  or  even  below  the  same  piston,  to  produce  the 
effects  due  to  double  cylinder  engines.  The  axes  of  all  the  cylinders 
are  in  the  same  plane  transverse  to  the  shaft,  and  work  upon  one 
crank ;  and  as  in  all  triangularly  arranged  engines  of  this  type,  the 
whole  of  the  valve  gear,  &c.,  may  be  reduced  to  the  simplest  elements. 
The  inventors  propose  it  mainly  for  screw-propelling  engines.  In 
its  present  state  the  engine  is  obviously  immature,  but  in  skilful 
hands  we  are  disposed  to  think  that  its  leading  idea  might  be  use  - 
fully  developed.  It  may  here  be  mentioned,  though  not  quite  belong- 

t’il 


blast  cylinders  are  forty-four  inches  diameter,  and  make  equal  stroke 
with  the  engine.  There  are  four  poppet  valves  to  each  cylinder  acted 
on  by  cams,  and  at  the  cylinder  ends  the  working  levers  are  pro¬ 
longed.  and  thrown  up  into  an  ugly  sort  of  rhinoceros  horn,  to  admit 
of  the  attachment  of  the  connecting  rods  and  of  their  free  play  out¬ 
side  the  cylinders.  The  connecting  rods  are  of  hard  wood,  lapped 
with  wrought-iron  straps  at  both  edges ;  the  makers  preferring  these 
to  rods  wholly  of  iron,  as  giving  greater  stiffness  for  a  given  weight  of 
rod.  These  are  showy  engines,  and  admirably  well  finished  as  respects 

2G2. 


I 


Lillesliall  Company’s  Blast  Engine. 


■. Vr 


ing  to  this  article,  that  the  patent  diaphragm  pump  for  ships  produced 
by  these  exhibitors,  present  some  points  of  much  ingenuity  and 
suitablity  for  their  purpose. 

The  Lilleshall  Company  (1910),  Shiftnal,  exhibit  one  of  the  largest 
and  most  imposing  pieces  of  land  steam  machinery  in  the  building. 
It  consists  of  a  pair  of  rotative  and  vertical  cylinder  blast  engines, 
adapted  to  work  separately  or  together,  of  the  nominal  power  of  90 
liorse  power,  as  shown  in  side  elevation  in  fig.  262.  The  cylinders 
me  twenty  inches  diameter,  and  four  and  a  half  feet  stroke ;  the 


workmanship,  and,  we  make  no  doubt,  will  work  smoothly,  and  be 
found  to  consume  as  little  fuel  to  waste  as  any  rotative  blast  engine 
may.  We  have  referred  to  these  engines  from  one  decided  peculi¬ 
arity  which  they  possess.  The  foundation  upon  which  they  sit,  and 
which  in  the  Exhibition  is  covered  over  with  panelling,  is  in  reality 
a  large  united  rectangular  frame  of  intersecting  box  girders  of  boiler 
plate,  weighing  in  total  about  twenty  tons.  It  is  proposed  as,  and  is 
a  completely  efficient  substitute  for,  the  usually  costly  and  uncer¬ 
tain  mass  of  masonry  built  under  blast  engines  as  “  the  foundation  ” 
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Those  engines  nt  the  level  of  the  floor  of  the  Annexe,  may  be 
simply  set  down  upon  a  levelled  bed  of  common  concrete  of  some 
five  or  six  feet  in  thickness,  and  started  to  work;  and  should  this 
settle  unequally,  the  engines  may  be  wedged  up  almost  without 
stopping.  We  think  there  is  a  great  deal  of  merit  in  this,  which, 
although  perhaps  not  absolutely  new,  has  not,  we  think,  been  pre¬ 
viously  applied  in  the  same  thorough  way.  We  believe  this  method 
of  dispensing  with  masonry  foundations  for  land  engines,  admits  of 
wide  and  valuable  applications. 

Manlove  &  Alliot  (1924),  Nottingham,  show  some  nicely  finished 
small  short-stroke  horizontal  horse-power  engines,  working  their 
centrifugal  sugar  machinery.  Two  of  these  fast-beating  engines  are 
arranged  to  work  “  back  to  back,”  with  the  cylinders  in  one  line;  but 
in  their  construction  there  is  nothing  peculiar. 

Mirlees  &  Tait  (1932),  and  Messrs.  M'Onie  (1921),  both  of  Glas¬ 
gow,  respectively  exhibit  large  sugar-cane  mills  in  motion,  and  engines 
for  driving  them.  That 
by  the  former  is  a  hand¬ 
some  and  well  executed 
six-column  vertical  cylin¬ 
der  condensing  engine, 
working  expansively,  with 
valve  gear  consisting  of 
two  superposed  cap  slides, 
with  two  excentrics.  In 
the  rod  of  that  which 
applies  to  the  expansion 
valve,  at  its  mid  length,  a 
vibrating  link  and  slot  is 
introduced  to  alter  the 
cut  off.  Metal  has  not 
been  spared  either  in 
engine  or  sugar  mill;  the 
latter  is  well  executed 
upon  the  usual  arrange¬ 
ments.  The  liquor  pump 
has  got  a  solid  plunger, 
and  is  well  arranged  to 
keep  the  highly  ferment¬ 
able  cane  juice  from 
atmospheric  contact,  and 
from  that  churning  with 
air,  so  dreaded  by  the 
sugar  planters,  as  compel¬ 
ling  them  to  make  vinegar 
and  carbonic  acid,  when 
they  want  sugar  only. 

There  is  a  friction  clutch 
to  the  cane-distributing 
roller  at  top,  judiciously 
introduced.  The  engine 
of  Messrs.  M'Onie  is  very  similar  to  the  preceding,  hut,  though 
more  elaborately  finished,  did  uot  strike  us  as  quite  as  well  designed. 
The  governor  is  given  motion,  by  a  chain  band  from  the  crank  boss; 
and  the  arrangement  for  expansion  by  a  toothed  wheel  in  one  of 
the  excentrics  seems  rather  injudicious,  in  view  of  the  countries 
and  circumstances  in  which  sugar  mills  are  employed.  The 
natural  profusion  of  coal,  and  of  cheap  but  weak  cast-iron  in  the 
Scottish  coal  fields,  have  produced  generally  two  unfortunate 
results  in  the  works  of  Scotch  land  engine  builders — inattention  to 
the  best  means  of  economizing  fuel,  and  a  lavish  introduction  of 
quantity,  rather  than  attention  to  quality,  of  their  cast-iron  framing. 
We  do  not  wish  to  even  suggest  that  this  is  the  case  in  the 
machinery  just  referred  to ;  for  in  fact  nearly  all  the  higher  order 
of  mechanical  engineers  in  Scotland  have  of  late  years  become 


fully  alive  to  the  truth  of  our  remarks,  and  introduce  English  and 
Welsh  iron  largely  in  their  castings. 

Messrs.  Walter  May  &  Company  (1927),  Birmingham,  exhibit  a 
highly  creditable  double-cylinder  horizontal  condensing  engine  (fig. 
2G3).  The  cylinders  are  ten  and  twenty  inches  diameter  respectively, 
with  a  twenty-four  inch  stroke;  they  are  both  enveloped  in  a  com¬ 
mon  steam  jacket  supplied  directly  from  the  boiler.  The  full  pressure 
steam  is  cut  off  at  half-stroke  in  the  smaller  cylinder;  it  is  blown 
off  from  this  into  the  wrought-iron  steam  chest  or  reservoir,  shown 
in  dotted  lines  beneath  the  bed  plate,  which  is  also  steam  jackettcd 
at  as  nearly  as  possible  the  pressure  and  temperature  of  the  boiler. 
In  this  the  steam  is  stored  up  until  the  crank  of  the  larger  cylinder, 
which  is  at  right  angles  with  that  of  the  smaller  one,  has  carried 
its  piston  to  the  end  of  the  stroke.  This  steam  is  now  admitted 
to  the  larger  cylinder  at  the  full  pressure  within  the  reservoir, 
and  is  again  cut  off  in  this  cylinder,  at  half-stroke,  expanded  down 

Fig  203. 


through  the  last  half  of  tlie  stroke,  and  finally  passed  into  the 
condensor. 

The  latter  in  this  engine  is  a  surface  condensor  upon  Perkin’s 
patent,  which  is  placed  overhead  the  engine  in  this  case.  The  air 
pump  is  with  the  feed  pump  placed  vertically  at  one  side  the  engine, 
and  worked  by  a  rocking  lever  and  way  shaft,  from  the  crosshead  of 
the  larger  cylinder.  With  surface  condensation  the  strain  upon  the 
air  pump  bucket  is  no  doubt  small ;  yet  we  cannot  but  think  the 
arrangement  of  it  here  adopted  is  unadvisable,  and  with  suitable 
modification  of  structure  we  do  not  see  what  preference  is  to  be 
given,  as  affirmed  by  the  makers,  to  a  vertical  over  a  horizontal 
air-pump.  There  are  distinct  slides  and  gear  to  each  of  the  two 
cylinders.  We  should  have  been  rather  disposed  to  have  given  an 
additional  quarter  inch  of  metal  ourselves  to  the  valve  casings,  and 


May  &  Company’s  Doable  Cylinder  Horizontal  Engine. 
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avoided  those  cross  ribbings  which  add  to  the  apparent  complexity 
of  these  engines ;  this  is  a  matter  of  mechanical  taste  merely,  how¬ 
ever.  The  parts  generally  are  well  proportioned,  and  the  work,  of 


Fiff.  2G1. 


James  Powis  &  Co.'s  6  horse-power  High  Pressure  Horizontal  Engine. 

which  there  is  a  good  deal  about  the  engine,  extremely  well  finished; 
and  yet  we  are  informed  these  engines  are  sold  at  a  moderate  price. 

With  expansion  carried  somewhat  further,  and  with  steam  super¬ 
heated  to  about  120°  above  its  pressure  temperature,  we  think  these 
engines  of  Messrs.  May  ought  to  he  found  combining  uearly  all  the 
known  elements  of  economy. 

J.  Needham  (1941),  Warrington,  exhibits  a  small  horizontal 
engine,  with  an  arrangement  for  altering  the  valve  adjustment  by 
movable  eccentric. 


In  the  latter  expansion  is  effected  by  a  lifting  valve  on  the 
top  of  the  ordinary  slide  bonnet,  acted  upon  ingeniously  by  a 
separate  lever  for  each  half  stroke. 

Peel,  Williams,  &  Peel  (1954),  Man¬ 
chester,  produce  a  very  ordinary  six- 
column  high  pressure  beam  engine  of 
16  horse-power  (nominal),  adapted  to 
two  vacuum  pumps  for  sugar  machin¬ 
ery,  eighteen  inches  diameter  and 
stroke,  placed  at  the  half  lengths  of 
the  beam,  in  which,  beyond  fairly  good 
workmanship,  we  have  been  unable  to 
see  any  point  for  commendation. 

James  Powis  &  Company  (1688), 
London,  amongst  their  tools  in  Class  7, 
show  an  extremely  nice  6  horse-power 
high  pressure  engine,  Fig.  264.  In  all 
its  details  it  shows  careful  considera¬ 
tion  for  good  and  durable  working. 

Sandy,  Vivian,  &  Company  (1981), 
Hayle,  produce  a  very  common-place 
and  moderately  well  finished  16  horse-power  horizontal  engine, 
which  scarcely  maintains  the  fame  of  their  house. 

Amongst  the  applications  of  high  pressure  engines  on  a  small 
scale,  are  Sissons  &  White’s  (1990),  Hull,  steam  pile-driving  engine 
— a  steam  winch  with  the  usual  form  of  monkey  framing  and  hoist ; 
and  Messrs.  Taylor  &  Company’s  (2004),  Birkenhead  steam  winch 
and  deck  pumps,  now  so  extensively  and  deservedly  employed  for 
loading  and  landing  cargo.  The  Patent  Frictional  Gearing  Company 
(1953),  Glasgow,  also  show  deck  steam  winches,  fitted  with  Robert- 


Eansomes  &  Sims’  15  horse-power  Stationary  Steam  Engine. 


The  North  Moor  Foundry  Company  (1948),  Oldham,  also 
exhibit  a  small  high  pressure  engine,  with  variable  expansive  gear. 
There  is  nothing  in  either  of  these  last  requiring  extended  notice. 


son’s  patent  frictional  gearing.  The  engines  are  usually  double, 
with  cranks  at  right  angles,  and  about  5  to  6  inch  cylinders,  with  from 
19  to  12  inch  stroke.  For  cranes,  and  especially  for  deck  service, 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  18G2. 


229 


where  the  total  lift  is  not  large,  this  form  of  wedge  and  groove 
frictional  gearing  (which  Mr.  Shancks  has  also  applied  to  the  most 
elegant  of  his  tools)  is  extremely  well  applied,  for  the  vibration 
upon  the  deck,  in  lowering  fast  with  toothed  gear,  is  excessive.  For 
ship  use,  however,  the  utmost  precaution  should  be  exercised,  to 
guard  against  loss  of  gear  hold,  by  wear  of  bearings  or  journals, 
as  the  inability  to  discharge  cargo,  from  this  simple  cause,  might 
in  a  moment  of  peril  involve  the  loss  of  the  ship. 

Ransomes  &  Sims  (1961),  Ipswich,  have  a  15  horse-power  hori¬ 
zontal  fixed  engine,  of  which  we  give  an  elevation,  Fig.  265  (No. 
2168,  Class  9),  and  in  Class  7  a  20  horse-power  portable  engine,  of 
the  agricultural  class  (Fig.  266),  although  shown  here.  They  have 
also  a  five  horse-power  steam  winch,  all  exceedingly  well  arranged 
and  perfect  in  point  of  workmanship. 

Messrs.  Tennant  &  Com¬ 
pany  (2005),  Edinburgh, 
show  some  showily-finished 
small  horizontal  engines, 
and  some  of  their  exceed¬ 
ingly  nicely  arranged  and 
compact,  vertical  portable 
high  pressure  engines,  with 
inverted  cylinders  attached 
to  the  boiler,  which  is  cylin¬ 
drical  and,  standing  quite 
independently,  gives  move¬ 
ment  to  the  first  motion 
shaft  at  a  foot  or  two  from 
the  floor.  These  are,  we 
think,  the  very  best  form 
exhibited,  of  small  verti¬ 
cal  portable  engines  with 
attached  boilers. 

Whitmore  &  Sons  (2023), 

Wickham  Market,  are  ex¬ 
hibitors  of  engines  pecu¬ 
liarly  arranged  for  the 
direct  actuation  of  corn 
mills,  or  for  such  with  the 
intervention  of  belts  only. 

Fig  267  is  a  general 
elevation  of  one  of  these 
engines  exhibited ;  and  the 
peculiarity  of  arrangement 
by  which  so  much  com¬ 
pactness  is  procured,  is  that 
the  bed  plate  of  the  engine 
forms  the  casing  of  the 
fly-wheel,  and  the  foundation  of  a  Hurst  frame  if  desirable,  as  seen 
in  the  plan  of  the  engine  in  Fig.  268.  The  engine  is  identical  with 
“  the  steeple  marine  engine,”  but  laid  down  flat  on  its  side,  and  as 
exhibited,  drives  two  pair  of  millstones  by  belts  arranged  in  one 
common  Hurst  frame,  in  a  very  masterly  manner.  It  would  be  out 
of  place  here  to  enlarge  upon  the  details  of  the  flour  mill  part  of 
this  machinery. 

Corn  mills  are  undergoing  an  important  change,  however,  just 
now,  in  the  hands  of  our  agricultural  mechanists,  the  tendency  being 
to  render  them  more  and  more  portable,  and  to  make  each  pair  of 
stones  as  nearly  independent  of  others  as  possible  ;  and  a  few  steam 
mills  have  even  been  fitted  up,  upon  the  principle  (first  proposed, 
we  believe,  in  France,  where  driving  each  single  pair  of  stones  in  a 
large  mill  by  a  separate  turbine  is  by  no  means  new,  and  where 
driving  by  belts  has  been  long  practised  and  preferred)  of  applying 
a  separate  high-pressure  engine  to  every  pair  of  stones  ;  so  that  the 
speed  may  be  modified  at  will,  or  any  one  pair  of  stones  stopped  or 


started,  without  reference  to  the  others,  and  the  expenditure  of  power 
be  always  proportionate  to  the  momentary  demand.  This  the 
arrangement  of  these  engines  enables  to  be  carried  out  in  a  very 
perfect  manner;  and  when  three  or  four  pair  of  stones  are  driven 
from  the  one  engine,  still  this  construction  gives  facilities  as  to  the 
upright  shafting  for  the  other  parts  of  the  mill.  The  construction 
of  .this  engine  is  sufficiently  plain  from  the  engravings.  The  fly¬ 
wheel  revolves  horizontally,  within  the  circular  disc  of  the  bed 
plate,  which  thus  encases  it ;  and  to  no  part  of  the  arrangement  do 
we  see  a  possible  objection  except  to  the  heavy  weight  which  bears 
upon  the  toe  step  of  the  vertical  crank  shaft ;  and  the  action  of  which, 
along  with  the  constant  back  and  forward  strains  of  the  engine,  will 
require  considerable  care  here  to  prevent  rapid  wear,  and  conse¬ 
quent  looseness  at  an  important  point.  This  appears,  however,  to 


have  been  attended  to  by  the  makers.  Their  workmanship,  materials, 
and  proportions  all  deserve  commendation,  as  well  as  their  designs. 

The  engine  here  driving  two  pair  of  stones,  is  10  horse-power 
nominal.  There  is  perhaps  no  manufacture  in  which  there  is  more 
room  for  “  taste  and  opinion”  than  in  flour  milling ;  every  working 
miller  has  his  own  notions,  to  be  believed  faithfully;  the  old 
French  mills  were  mostly  driven  by  belts.  Up  to  a  comparatively 
recent  date  the  old  French  flour  machines  were  voted  out  of  date 
and  bad,  by  all  English  “jolly  millers;”  they  have  found  out  that 
the  French  machine  is  the  best,  however,  and  before  long  will  pro¬ 
bably,  and  for  good  reasons,  come  to  the  same  opinion  as  to  the 
choice  between  gear  and  belt  driven  stones.  We  must  here,  how¬ 
ever,  leave  the  subject.  In  fig.  269  we  show  one  of  the  double¬ 
cylinder  beam  engines  of  this  firm.  Engines  of  this  type  are  not 
exhibited  by  them,  but  are  so  by  R.  Wood  &  Sons  (2029),  Leeds. 
Both  engines  are  in  principle  identical,  but  Messrs.  Wood’s  engine 
has  got  diagonal  framing  with  four  rising  pieces,  and  a  thorough 
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entablature  to  carry  the  beam  centre  carriage.  We  do  not  think  the 
framing  of  either  engine  incapable  of  improvement.  The  cylinder 

Fig.  2G7. 


and  valve  case  of  2029  are  all  covered  with  jacketting.  One 
eccentric  and  one  slide  suffices  for  both  cylinders.  The  valve  is  a 

Fig.  268. 


Whitmore  &  Son’s  Engine— Plan. 


lonsr  cap  slide,  and  so  far  as  we  could  learn,  appears  to  be  noaily 
identical  with  that  which  Hague  of  London  adopted  for  doublc- 


cylindered  engines  many  years  ago.  The  work  and  general  propor¬ 
tions  of  this  engine  are  fair,  except  the  fly-shaft,  which  appears 
slender,  and  the  parallel  motion,  which  is  clumsy. 

J.  C.  Wilson  &  Company  (2027),  London,  have 
a  portable  sugar  mill  and  portable  engine,  with  two 
cylinders  and  boiler  between,  of  the  locomotive 
type,  all  placed  upon  one  common  bed  plate,  and 
shown  in  motion,  and  to  which  it  appears  a  medal 
has  been  awarded  for  “good  arrangement,  prac¬ 
tical  utility,  and  good  workmanship.”  We  must 
confess  to  being  totally  blind  to  its  merits.  The 
sugar  mill  itself  appears  to  us  to  be  of  a  size  per¬ 
fectly  useless ;  and  as  sugar  plantations  do  not 
move  about  the  world,  the  practical  utility  of  a  por¬ 
table  sugar  mill  is  not  particularly  obvious.  The 
workmanship  may  be  left  to  speak  for  itself  to  any 
competent  observer ;  and  as  to  the  arrangement, 
the  combination  of  the  wheel  work,  with  its  short¬ 
necked  stumpy  shafts,  would  be  deemed  bad  by 
every  millwright.  If  there  he  many  such  awards 
of  medals  as  this,  the  question  may  well  be  asked, 
of  what  an  Exhibition  medal  is  worth  ? 

An  extremely  compact  and  well-designed  hori¬ 
zontal  engine,  for  driving  four  plunger  pumps  for 
hydraulic  presses,  is  exhibited  by  F.  0.  Ward 
(2015),  London.  The  engine  is  placed  along  the 
top  of  a  hollow  rectangular  bed  girder,  to  both  sides 
of  which  the  pumps  are  attached,  working  two  and 
two  together,  at  the  forward  and  back  stroke,  of 
the  two  connecting  rods,  which  pass  from  the  crank 
necks  at  the  fly-shaft  end,  attached  to  a  cross  shaft 
secured  in  bearings  to  the  end  of  the  engine  bed, 
and  making  by  a  pair  of  spur  wheels  one  revolu¬ 
tion  for  three  of  the  engine. 

Wren  &  Hopkinson,  of  Manchester,  are  stated 
to  be  the  makers,  under  Ward’s  patent,  of  this 
machine,  in  which  there  is  a  great  deal  of  merit. 

W.  P.  Wilkins  (2024)  exhibits  a  twenty  horse¬ 
power  double-cylinder  engine  ;  but  we  have  already 
said  all  we  have  space  for  on  this  class  of  engine ;  and  lastly, 
Thomas  Worsdell  (2031),  Birmingham,  has  produced  some  very 
good  examples  of  steam  cranes,  mounted  on  trucks  for  railway  use ; 
the  upright  tubular  boilers  being  placed  jud'ciously  in  the  rear,  to 
balance  the  load  upon  the  jibs. 

In  the  Class  9,  Eastern  Annexe,  there  are  almost  innumerable 
examples  of  high-pressure  engines  for  agricultural  and  other  like 
character  of  work.  These  are  mainly  of  two  types — horizontal, 
such  as  those  we  have  described  already;  or  portable,  in  that 
fullest  sense  of  the  word,  in  which  the  engine  with  its  locomotive 
form  of  boiler  is  set  upon  four  wheels,  and  can  be  drawn  about  by 
horses  ;  or  is  arranged  to  move  itself  about,  and  having  “  come  to 
work,”  “  tucks  up  ”  its  wheels  in  place  of  “  its  sleeves,”  and  starts. 
Barrett,  Exall,  and  Andrewes  (2078),  Brown  &  May  (2085),  Burrell 
(2087),  Clayton  &  Shuttleworth  (2094),  Coleman  &  Sons  (2095), 
Garrett  (2117),  Gray  &  Company  (2121),  Hornsby  (2130),  Turner, 
Ipswich  (2194),  and  Tuxford  &  Sons  (2195),  are  amongst  the  many 
exhibitors,  whose  number  proves  the  greatness  of  the  still-growing 
trade  ministering  to  steam  agriculture,  while  the  general  goodness 
of  the  engines  they  exhibit  indicates  the  immense  advances  that  a 
very  few  years  have  achieved  in  this  speciality  of  mechanical 
engineering. 

FOREIGN  ENGINES. — Bavaria,  Brunswick,  Denmark,  Hanover, 
Hesse,  Oldenburg,  Saxony  (kingdom  and  duchy),  Wurtemberg, 
Greece,  Netherlands,  Switzerland,  Rome,  Spain,  and  Russia,  pro¬ 
duce  nothing  in  the  way  of  first  movers.  Naples  (1055-1058) 
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sends  some  parts  of  engines ;  Portugal  (861),  a  single  example ; 
and  Norway  (57,  58,  59),  small  engines  and  donkey  pumping 
engines  from  the  Aker,  Nyland,  and  Royal  Navy  Works  respectively, 
of  which  it  is  enough  to  say  that  they  are  respectably  executed. 

UNITED  STATES. — By  far  the  most  interesting  and  important 
engine  to  the  really  instructed  mechanical  engineer  in  the  whole 
exhibition  is,  we  hesitate  not  affirm,  that  exhibited  by  Charles  T. 
Porter,  of  New  York,  and  named 
by  him — after  the  inventor,  who  is 
said  to  be  a  working  man  in  New 
York — the  Allen  engine.  This 
little  engine  has  no  doubt  been 
passed  by,  without  regard,  by  tens 
of  thousands  whose  attention  has 
been  fixed  by  huge  and  splendidly 
finished  engines,  not  possessing  a 
tithe  of  its  merit.  The  engine  is 
represented  in  elevation  and  plan 
in  the  accompanying  Plate,  on 
which  is  also  given  a  horizontal 
section  of  the  cylinder  and  valve 
passages,  &c.,  and  an  enlarged 
section  (at  one  end  of  the  cylinder 
only)  of  the  valves  themselves. 

It  is  a  horizontal  non-condensing 
engine,  of  only  8  inch  diameter 
cylinders,  and  24  inches  stroke. 

The  form  of  the  bed,  which  only 
weighs  13  cwts.,  is  peculiar,  and, 
like  some  other  parts  of  the  engine, 
will  not  be  considered  graceful  by 
most  eyes.  A  reason,  however, 
can  be  rendered  by  the  maker  for 
the  form  he  has  given  to  every 
part ;  and  admitting  as  a  principle 
that  in  machinery  the  most  suit¬ 
able  is  always  the  handsomest 
form,  we  cannot  find  fault  with 
the  odd  slewed  form  of  bed,  nor 
with  those  of  some  of  its  first 
moving  parts.  The  workmanship 
also  will  offend  the  fastidious  eye 
of  many  English  mechanics ;  for, 
although  respectable,  it  is  not 
equal  to  English  work  generally ; 
but  our  exhibitor  informs  us  that 
it  was  made  and  shipped  from 
New  York  in  such  haste  to  be  in 
time  for  exhibition,  that  its  parts 
were  never  even  offered  together 
until  the  engine  was  being  erected 
where  it  now  stands,  in  the  West 
Annexe,  and  where  it  runs  at  the 
rapid  speed  of  150  revolutions  per 
minute,  and  gives  motion  to  a 

large  proportion  of  the  weaving  machinery  there  exhibited. 


openings  into  two  ports,  are  employed  for  induction  at  each  end  of 
the  cylinder.  A  similar  valve  is  employed  for  eduction,  opening 
two  equal  passages,  one  over  and  one  under  the  valve,  for  the  escape 
of  the  steam  into  one  exhaust  port.  The  advantage  gained  is,  that 
a  small  movement  rapidly  opens  and  closes  a  very  large  area.  A 
form  of  the  same  invention,  giving  a  double  opening  to  valves  which 
perform  the  two  offices  of  admitting  and  releasing  the  steam,  without 

Fie.  2S9. 


Whitmore  &  Sons’  Double-cylinder  Beam  Eng?ne. 

requiring  any  increase  in  either  their  size  or  travel,  is  also  exhibited 
in  a  sectional  model  of  full  size. 

The  valve-gear  embraces  an  arrangement  by  which  a  vibrat¬ 
ing  link  receives  its  peculiar  movements  from  a  single  eccentric 
The  eccentric  is  set  on  the  shaft  in  the  same  position  with 
the  crank.  The  link  is  attached  rigidly  to  the  eccentric  strap, 
and  pivoted  on  sustaining  arms.  The  horizontal  throw  of  the 
eccentric  gives  a  vibratory  movement  to  the  sustaining  arms, 
and  the  perpendicular  throw  causes  the  link,  while  partaking 
of  this  vibration,  also  to  rock  or  tip  about  the  pivot,  which 


The 

general  construction  of  the  engine  is  obvious  from  an  inspection  of 
the  Plate.  It  belongs  to  the  class  of  variable  expansion  engines, 
and  its  chief  peculiarities  are  in  the  construction  of  the  valves  and 
valve  gear,  and  in  that  of  the  governor  and  the  connection  main- 
tai  icd  between  them. 

The  valves  effect  two  openings  into  one  port— one  past  the  end 
of  the  valve,  in  the  usual  manner,  and  one  through  a  hollow  formed 
in  the  face  of  the  valve,  and  overhanging  the  opposite  end  of  the 
seat.  Two  of  these  valves,  rigidly  connected,  and  giving  four 
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thus  becomes  the  fulcrum  of  a  bell-crank  lever.  The  variable 
movement  is  given  to  the  valves  by  the  application  of  the  toggle 
joint  principle  ;  and  the  arrangement  is  such  that  the  induction  and 
eduction  valves  receive  independent  movements  from  the  one  link. 

In  the  engine  exhi¬ 
bited,  it  is  so  con¬ 
structed  that  the 
steam  is  admitted  at 
the  commencement 
of  the  stroke,  and 
follows  the  piston 
a  distance  variable 
from  the  smallest 
possible  up  to  11 
inches,  or  ll-24ths 
of  the  stroke,  as  ad¬ 
justed  by  the  gover¬ 
nor;  and  is  discharged 
invariably  when  the 
piston  has  reached  a 
point  2  inches  before 
the  termination  of  its 
stroke,  while  com¬ 
pression  on  the  opposite  side  of  the  piston  commences  at  the  same 
instant. 

It  is  also  provided  that  the  motion  of  the  valves,  while  their 
ports  are  open  and  they  are  nearly  in  equilibrium,  is  considerably 
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Porter’s  Engine  -Diagrams  by  Richard’s  Iudicator- 
Indicator  Cards. 


Fig.  271. 


Diagrams — the  Allen  Engine — Valve  Diagrams. 


accelerated ;  but  after  their  ports  are  covered,  it  is  greatly  retarded, 
being  reduced,  in  the  engine  exhibited,  from  1  825  inches  to  only 
0‘5  inches,  thus  admitting  of  much  smaller  valves  than  usual,  and  a 
reduced  expenditure  of  power  in  moving  them. 


These  valves  and  valve-gear  are,  of  course,  equally  applicable  to 
condensing,  locomotive,  and  marine  engines.  The  parts  are  not 
more  numerous  than  those  of  a  marine  engine  with  separate  expan¬ 
sion  gear,  the  power  required  to  move  the  valves  i3  smaller  than  that 
commonly  expended  for  this  purpose,  while  the  full  boiler  pressure 
is  obtained  in  the  cylinder,  and  wire-drawing  in  cutting  off  is  avoided, 
at  a  high  velocity. 

The  methods  by  which  these  objects  are  carried  out  in  practice, 
present  characteristics  of  the  highest  interest  and  of  considerable 
novelty.  They  show  remarkable  insight  and  skill  directed  to  the 
attainment  of  the  main  points  of  excellence  demanded  by  theory  in 
a  perfect  engine.  Several  of  the  elementary  parts  which  are  here 
combined,  are  not  for  the  first  time  employed.  Thus,  the  toggle-joint 
principle  was  applied  by  Watt  to  valve  gear,  although  with  a  totally 
different  aim  and  result,  while  Brunei  and  Silver’s  governors  present 
more  or  less  of  similarity  to  that  here  employed ;  but  the  whole 
combination  appears  to  us  novel,  and  the  results  obtained  important. 

The  latter  are  best  shown  by  the  indicator  cards  taken  from  the 
engine  while  at  work  in  the  Annexe,  Figs.  270,  No.  1,  showing  the 
cut  off  at  one-half  the  stroke ;  No.  2,  at  one-fifth;  and  No.  3,  at 
one -tenth  of  the  stroke,  respectively. 

These  indicator  cards  show  that  the  full  boiler  pressure  is  obtained 
in  the  cylinder  at  the  commencement  of  the  stroke,  and  is  main¬ 
tained  up  to  the  point  where  the  steam  is  cut  off,  without  wire¬ 
drawing,  at  a  velocity  of  piston  of  600  feet  per  minute.  The 
expansion  line  runs  to  the  atmosphere  ;  there  is  no  back  pressure  on 
the  piston  due  to  the  engine,  though  there  was  sometimes  a  little 
due  to  the  long  range  of  discharge  pipes  under  the  floor  of  the 
Anuexd ;  and  the  release  and  compression  take  place  at  constant 
points,  being  in  this  engine  at  ll-12ths  of  the  stroke,  but 
admitting  of  adjustment  for  any  points  before  the  termination  and 
commencement  of  the  stroke,  respectively. 

Diagram  No.  1,  Fig.  271,  illustrates  two  peculiar  features  of  this 
engine — the  first  the  means  of  driving  a  vibrating  link  from  a  single 
eccentric,  and  the  second  of  giving,  from  this  one  link,  separate 
movements  to  the  induction  and  the  eduction  valves.  Being 
designed  to  run  only  in  one  direction,  but  one  half  of  the  link  is 
employed  in  the  engine  exhibited ;  the  arrangement  is,  however, 
equally  applicable  to  engines  which  require  to  be  reversible. 

In  this  diagram  a  is  the  centre  of  the  shaft ;  b,  the  circle  described 
by  the  centre  of  the  eccentric  ;  c,  the  centre  of  the  crank -pin  ;  d, 
the  arc  described  by  the  centre  of  the  pin  which  sustains  the  link, 
vibrating  about  the  point  e ;  ff  the  line  connecting,  when  the 
piston  is  at  the  termination  of  its  stroke,  the  centres  of  the  shaft  and 
the  eccentric,  and  the  point  from  which  the  link,  in  its  position  at 
that  instant,  is  described ;  gy,  the  arcs  on  which  the  link  admits 
and  cuts  off  the  steam,  at  the  opposite  ends  of  the  cylinder,  respec¬ 
tively  ;  A,  the  highest  point  from  which  the  induction  valves  are 
driven ;  and  j,  the  point  from  which  the  eduction  valves  are  driven, 
marking  also  the  point  in  the  throws  of  the  link  at  which  the  exhaust 
ports  are  opened  and  closed. 

The  eccentric  is  set  in  such  a  position,  that  the  vibrations  which 
its  horizontal  throw  imparts  to  the  sustaining  pin  coincide  with  the 
strokes  of  the  piston.  The  position  of  the  link  block  is  adjusted  by 
the  governor,  varying  from  a  point  coinciding  with  the  sustaining 
pin  up  to  the  point  k,  at  which  the  steam  is  cut  off  at  half  stroke. 
It  will  be  observed  that  the  sustaining  pin  vibrates  in  an  arc,  the 
middle  point  of  which  coincides  with  the  line  ff.  By  this  adjust¬ 
ment  the  steam  is  caused,  at  every  point  of  cut  off,  to  follow  the 
piston  at  equal  distances  at  the  opposite  ends  of  the  cylinder,  requir¬ 
ing,  however,  that  it  shall  be  admitted  at  the  lower  end  a  little 
earlier  than  at  the  upper  end.  This,  which  seems  at  first  sight  to 
be  a  disadvantage,  is  in  reality  the  contrary.  The  velocity  of  the 
piston  when  the  crank  is  passing  the  lower  centre  is  to  its  velocity 
when  passing  the  upper  centre,  if  the  connecting  rod  be  three  times 
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the  stroke  and  the  motion  of  the  crank  be  uniform,  about  as  7 
to  6.  If  the  connecting  rod  is  shorter,  the  inequality  is  still  greater. 
Now,  it  is  found  that  on  this  account  it  is  necessary,  in  order  to 
obtain  the  full  boiler  pressure  alike  in  each  end  of  the  cylinder  at 
the  velocity  of  piston  here  employed,  to  give  greater  lead  to  the 
valve  at  the  lower  end,  to  quite  the  same  extent  that  is  required  to 
cause  the  steam  to  be  cut  off  at  corresponding  points  in  each  stroke. 

Diagram  No.  2  (Fig.  271),  shows  the  movements  employed 
for  accelerating  the  motion  of  the  induction  valves  while  the  ports 
are  open,  and  retarding  it  after  they  are  covered.  The  link-rod, 
at  a  point  near  to  the  link,  is  divided  into  two  rods,  one  of  which 
communicates  motion  to  the  valve  at  the  upper,  and  the  other  to 
that  at  the  lower  end  of  the  cylinder,  through  the  medium  of  arms 
on  separate  rock-shafts,  which  have  a  common  centre  of  motion. 
The  radial  lines  represent  the  extreme  positions  to  which  the  arms 
vibrate,  and  the  points  at  which  the  steam  is  admitted  and  suppressed. 
The  full  lines,  and  figures  outside  the  circle,  indicate  the  driving  and 
driven  arm  moving  the  upper  valve,  and  the  dotted  lines  and  figures 
within  the  circle  those  moving  the  lower  valve.  It  will  be  seen 
that  the  opening  and  closing  movements  are  accelerated  40  per  cent., 
while  the  motion  after  the  port  is  covered  is  retarded  by  above  66 
per  cent.  Much  smaller  valves  are  thus  required,  and  the  change  in 
the  direction  of  their  motion,  when  under  the  greatest  pressure, 
is  nearly  insensible. 

Diagram  No.  3  (Fig.  271),  shows  the  greatly  inferior  results  that 
are  attained  by  the  ordinary  employment  of  a  single  driving  arm 
and  rock-shaft ;  the  opening  and  closing  movement  of  the  valve, 
with  the  same  travel  after  the  port  is  covered,  being  less  than  one 
half  that  obtained  by  the  plan  here  adopted. 

We  pass  now  to  the  valves.  The  induction  valves  open  simul¬ 
taneously  four  ports  for  the  passage  of  steam  ;  two  past  the  ends  in 
the  usual  manner,  and  two  through  hollows  formed  in  the  valve  faces, 
and  when  not  covering  the  ports  they  are  nearly  in  equilibrium. 
The  area  of  valve  aperture  is  nearly  one-eleventh  that  of  the  cylinder, 
and  this  is  fully  opened  when  the  steam  is  cut  off  at  a  little  past 
one  quarter  of  the  stroke.  The  eduction  valves  are  of  a  similar 
nature,  opening  two  passages  equal  to  one-eighth  the  area  of  the 
cylinder. 

The  high  velocity  of  piston  employed  reduces  very  greatly  the 
loss  from  condensation  in  the  cylinder,  and  enables  the  engine,  with 
the  assistance  of  only  a  light  fly-wheel,  to  pass  the  centres  with 
perfect  steadiness  of  motion,  thus  rendering  double  engines  for  many 
stationary  purposes  unnecessary. 

The  governor  adjusts  the  block  in  the  link  with  great  accuracy, 
maintaining  a  uniformity  of  motion  which  it  is  scarcely  possible  to 
disturb  perceptibly,  even  by  the  most  extreme  and  sudden  changes 
in  the  resistance. 

The  throwing  off  of  the  belt  from  the  drum,  or  in  other  words, 
suddenly  releasing  the  engine  at  its  great  speed  from  all  load,  was 
instantly  responded  to  by  the  governor,  and  scarcely  a  visible 
difference  in  the  engine’s  speed  permitted  ;  and  we  ourselves  found 
that  the  sensibility  of  the  governor  was  so  great  that  we  could  cause 
it  to  act  distinctly  and  at  once  by  merely  pressing  as  a  lever  a  piece 
of  fir  timber  about  five  feet  long  with  one  hand  against  the  turned  rim 
of  the  fly-wheel,  although  the  engine  was  then  running  heavily 
loaded. 

Porter’s  patent  governor  for  stationary  engines  by  which  this  is 
accomplished,  is  represented  in  Fig.  272.  This  is  in  principle  the 
old  Watt  governor,  but  the  balls  are  made  extremely  light,  and 
revolve  at  a  great  velocity.  Their  energy  to  control  the  throttle 

W  !>2 

valve  being  expressed  by  the  equation  D  = - where  W  is  the 

gr 

weight  of  the  balls,  it  is  obvious  that  a  much  greater  degree  of 
sensitiveness  will  be  given  to  a  governor  with  light  fast  running  balls 
which  lift  a  heavy  counterpoise  upon  the  spindle  of  their  rotation, 


and  whose  dropping  plumb  acts  upon  the  throttle  valve  the  instant 
it  is  let  go  in  any  degree  by  the  deviating  force  of  the  balls.  In  this 
case  the  balls  revolve  about  350  times  per  minute.  They  swing 
from  a  pair  of  very  wide-jawed  joints  at  the  top  of  the  spindle,  and 
these,  like  all  the  other  parts,  reduce  the  resistance  from  friction  to 
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Porter’s  Governor. 


the  least  possible  amount.  The  vertical  movement  of  the  counter¬ 
poise  is  about  twice  that  of  the  radial  alteration  of  the  balls.  The 
same  principle  of  rapid  rotation  and  of  an  initial  force  constantly 
acting  against  the  deviating  one  in  the  line  of  the  axis  of  rotation, 
have  been  also  applied  by  Mr.  Porter  to  his  marine  governor,  as 
shown  in  Fig.  273  ;  but  in  this  case  the  latter  force  is  furnished  by 
a  spring.  He  thus  describes  his  arrangement: — 

“  A  governor  for  marine  engines  must  be  so  constructed  that  its 
action  cannot  be  affected  by  any  motion  of  the  vessel,  for  when  this 
is  worst,  it  is  needed  to  perform  the  best.  It  must  be  sensitive,  so 
that  a  slight  variation  in  the  speed  will  cause  it  to  pass  through  its 
entire  movement ;  and  it  must  have  power  sufficient  to  overcome  any 
resistance  to  its  free  action.  In  this  instrument  the  centrifugal  force 
is  produced  by  the  revolution  of  the  balls,  and  the  counteracting  or 
centripetal  force  is  furnished  by  the  resistance  of  a  spring;  hence 
it  may  be  set  up  in  any  position.  To  enable  the  speed  of  the  engines 
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to  be  changed,  cone  pulleys  are  employed.  The  cause  of  its  combina¬ 
tion  of  sensibility  and  power  needs  to  be  briefly  explained.  It 
lies  in  the  initial  compression  of  the  spring.  In  the  one  from 
which  the  above  illustration  is  taken,  for  example,  the  spring  is 
compressed  two  inches  by  the  nut  on  the  spindle.  The  circle  in 
which  the  centers  of  the  balls  revolve  is  ten  inches  in  diameter, 
expanding  to  one  of  fifteen  inches  in  diameter.  This  expanding 
motion  of  the  balls  produces  a  further  compression  of  the  spring  of 
one  inch.  The  balls  are  shown  in  the  engraving  half  expanded,  and 
the  spring,  if  released,  would  be  two  and  a  half  inches  longer  than 
it  appears.  The  centrifugal  force  of  a  revolving  body,  making  a 
constant  number  of  revolutions  per  minute,  varies  directly  as  the 
circle  which  it  describes,  and  the  resistance  of  a  spring  varies  directly 
as  the  amount  of  its  deflection.  The  expansion  of  the  balls  adds  50 
per  cent,  to  the  diameter  of  the  circle  which  they  at  first  describe, 
and  also  50  per  cent,  to  the  original  compression  of  the  spring.  If, 
therefore,  the  centrifugal  force  of  these  balls  and  the  resistance  of 
the  spring  are  in  equilibrium  in  that  position,  they  will  be  so  also  in 
every  other  position,  the  number  of  revolutions  per  minute  con¬ 


tinuing  the  same,  the  resistance  varying  as  the  force  varies.  If  the 
spring  had  an  initial  compression  of  only  a  quarter  of  an  inch,  then 
an  increase  of  82  per  cent,  in  the  number  of  revolutions  would  be 
necessary  to  cause  the  balls  to  expand  from  the  smaller  to  the 
larger  circle  ;  if  the  spring  was  compressed  half  an  inch,  an  increase 
of  40  per  cent,  in  the  number  of  revolutions  would  be  required  for 
this  purpose ;  if  compressed  one  inch,  an  increase  of  15  per  cent, 
would  be  necessary;  but  when  compressed  two  inches,  so  that  the 
initial  compression  bears  the  same  proportion  to  the  original  circle 
that  the  motion  of  the  spring  bears  to  the  expanding  motion  of  the 
balls,  then  no  increase  is  required  ;  at  a  certain  number  of  revolutions 
per  minute  the  balls  revolve  indifferently  in  any  circle,  and  infinite 
sensibility  is  attained.  In  practice,  however,  an  increase  of  2  or 
3  per  cent,  in  the  number  of  revolutions  is  found  to  be  necessary ; 
the  theoretical  action  cannot  be  reached,  nor  is  it  desirable.  This 
measure  of  sensibility  is  the  same  whether  the  spring  be  weak  or 
strong,  and  whether  the  balls  be  light  or  h(  avy,  or  their  motion  slow 
or  rapid.  In  the  governor  from  which  the  illustrations  are  taken  the 


spring  yields  one  inch  under  a  pressure  of  800  lbs.,  two  inches  under 
1COO  lbs.,  and  three  inches  under  2400  lbs.  The  balls  are  four  inches 
in  diameter,  weighing  12  lbs.  each,  and  making  450  revolutions  per 
minute  The  centrifugal  force  being  as  the  square  of  the  velocity, 
on  a  variation  of  1  per  cent,  in  the  speed  of  these  balls,  there  is 
developed  a  force,  for  overcoming  resistances  to  the  action  of  the 
governor,  of  32  lbs.  in  the  smaller  circle,  and  of  48  lbs.  in  the  larger 
circle.  Notwithstanding  that  the  revolution  of  this  governor  developes 
forces  in  counteraction,  so  powerful  that  such  slight  disturbance  of  the 
equilibrium  between  them  produces  so  considerable  a  preponderance 
of  one  over  the  other,  still  a  small  driving  band  is  sufficient  to  give 
it  rotation.  The  rapid  speed  employed  is  not  objectionable,  the 
revolving  parts  being  balanced,  and  the  pressure  on  the  bearings 
very  light.  Within  reasonable  limits  it  is  found  to  be  better  to 
increase  the  power  of  the  governor,  by  increasing  the  velocity  of  the 
balls,  rather  than  by  adding  to  their  weight ;  for  if  the  weight  of  the 
balls  be  doubled,  the  centrifugal  force  is  only  doubled  while  the 
momentum  is  doubled  also,  the  speed  of  the  driving  band  remaining 
the  same;  but  if  the  number  of  revolutions  be  doubled  the  centri¬ 
fugal  force  is  quadrupled, 
while  the  velocity  of  the 
driving  band  is  doubled  as 
well  as  the  momentum.” 

We  are  not  quite  certain 
that  this  governor  would  be 
absolutely  unaffected  by  the 
heavy  pitching  and  rolling  of 
a  ship ;  however,  both  it  and 
the  stationary  engine  governor 
are  unquestionably  improve¬ 
ments  in  action  upon  that 
originally  devised  by  Watt; 
and  we  will  not  be  under¬ 
stood  as  endorsing  everything 
stated  as  to  them  by  the 
inventor. 

A  highly  interesting  direct- 
acting  steam  pump  is  exhi¬ 
bited  by  Mr.  Lee,  on  the  part 
of  R.  H.  Worthington  (28), 
New  York.  These  are  two 
high-pressure  engines,  so 
arranged  that  one  engine 
works  the  valves  of  the  other, 
so  that  there  is  no  fly-wheel, 
and  however  fast  the  engines 
may  be  worked,  there  is  a 
moment  of  absolute  rest  at  the  end  of  each  stroke,  during  which 
the  valves  of  the  water  pump  are  free  to  close  without  reversing 
the  momentum  of  the  column  of  water.  The  pump  is  a  double¬ 
acting  solid  plunger  (or  trunk),  working  through  a  diaphragm,  or 
division,  packed  with  india  rubber,  of  which  also  are  the  valves. 

SWEDEN  comes  out  strong  in  rotatory  and  sector  engines. 
Hallstrom  (268),  Knorring  (270),  are  of  this  class,  and  amongst  it  we 
find  the  ingenious  engine  of  Scheutz  (273) — see  Figs.  274,  275.  In 
this  engine  the  radical  difficulty  besettingall  rotatory  engines  is  endea¬ 
voured,  and  with  some  success,  to  be  escaped,  by  changing  the  usual 
cylindric  form  of  the  area  of  rotation  into  the  form  of  a  conic  frustrum, 
by  which  the  wear  by  friction  of  the  stanching  edge  of  the  revolving 
piston  may  be  met  by  merely  setting  it  on  end,  in  the  line  of  its  axis 
of  rotation  and  towards  the  narrower  end.  There  are  many  points 
of  mechanical  ingenuity  by  which  this  is  carried  into  concrete  effect, 
and  probably  we  should  be  safe  in  saying  that  this  is  as  good  a 
rotatory  engine  as  any  one  that  has  ever  been  proposed.  The  inventor, 
who  is  also  the  inventor  of  the  very  simple  and  excellent  calculat- 


Fig.  273. 


Porter’s  Governor  for  Marine  Engines. 
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Fig.  275. 


Sclieutz’s  Engine — Transverse  Vertical  Section. 


engine  of  thirty  horse  power,  with  modifications,  patented  by  the 
exhibitor. 

FRANCE. — H.  Lecouteux  (1175),  Paris,  exhibits  a  sound  substan¬ 
tial-looking  long-stroke  horizontal  condensing  engine,  working  here 
without  condensation,  however.  There  is  nothing  peculiar  about  it. 
He  also  produces  designs  for  beam  engines  on  Woolfs  plan,  with  an 
offer  to  guarantee  a  consumption  of  one  kilogramme  of  coal  per 
horse-power. 

Cail  &  Company  (1144),  Paris,  have  a  very  fair  sample  of  a  hori¬ 
zontal  travelling  engine  ( locomobile ),  expanding  its  steam,  and  with 
governor  employed  in  working  the  coining-press  for  the  French 
commemorative  medals. 

In  connection  with  a  large  display  of  well  furnished  sugar 
apparatus,  they  also  show  a  well-executed  6-column  independent 
engine,  high  pressure,  with  short  slide,  and  if  expanding,  only  by 
lap.  It  works  four  gun-metal  vacuum  pumps  for  sugar  apparatus. 
A  third  horizontal  condensor  shown,  but  not  at  work,  is  rather  a 
poor  sample  of  design  and  workmanship,  though  not  objectionable 
in  principle. 

Farcot  &  Sons  (1152),  near  Paris,  exhibit  a  very  creditable 
horizontal  condensor  (working  high  pressure),  with  variable  expan¬ 
sion  gear  acted  upon  by  the  governor,  presenting  several  peculi¬ 
arities  which  they  claim  as  their  own. 


and,  above  all,  cheapness;  Mr.  Frestadius  of  the  Bergsund  works 
undertaking  to  supply  such  engines,  with  boilers  and  propeller  screws 
all  complete,  at  Stockholm  at  about  £26  the  horse-power. 

Messrs.  Lindahl  &  Runer  (271),  of  Gefle,  exhibit  a  sector  engine, 
which  also  shows  much  ingenuity  in  the  arrangements  for  its  adjust¬ 
ment. 

BELGIUM  produces  several  very  creditable  examples  of  engine¬ 
making.  Amongst  these  are  the  engines  by  Bertieaux  (261),  Antwerp; 
the  tubular  boilers  and  brass  work,  including  Giffard’s  injectors  of 
Cail  &  Company  (262),  Brussels ;  and  the  portable  engine  of  Houget 
&  Company  (263),  Verviers.  Delandtsheer  (265),  Brussels,  sends 
good  drawings  of  a  patented  horizontal  engine,  with  double  cylinders. 
Principally  remarkable,  however,  in  this  division  is  the  large  direct 
double-actinghorizontal blast  engine  of  M.  Fossey,  exhibited  by  Perard 
(273),  Liege,  in  which,  by  a  singular  arrangement,  the  two  ends  of 
each  blast  cylinder  are  kept  in  continual  rotation  on  the  piston  rods 
as  axes ;  and  being  provided  with  radially  arranged  and  equidistant 
apertures,  which  pass  over  and  between  the  others  in  the  fixed 
cylinder  cover  within,  alternately  open  these  to  the  air  for  its  being 
drawn  into  the  cylinder,  and  close  them  when  it  is  to  be  expelled 
through  the  now  opened  passages  into  the  regulator  or  air  reservoir; 
this  substitute  for  valves  being,  in  fact,  very  like  the  common  circular 
ventilator  by  which  air  is  admitted  into  rooms  in  London.  There 
being  sixteen  end  apertures,  and  as  many  blank  intervening  spaces, 
the  end  discs  revolve  only  once  for  sixteen  double  strokes  of  the 
piston.  There  are  some  advantages  in  this  arrangement ;  but  we 
have  great  doubts  that  the  useful  effect  is  equal  to  that  of  the  single¬ 
cylinder  and  single-acting  engine. 

Gustav  Scriebe  (278),  Gand,  has  a  double-cylinder  horizontal 


Scheutz’s  Engine— -Sectional  Plan. 

1196  is  a  very  odd  whim  for  a  direct-acting  engine,  exhibited  in 
model  by  the  Prince  Polignac  of  Paris.  The  cylinder  and  piston 
rod  are  bent  into  an  arc  of  a  circle,  in  which  curve  the  stroke  is 
made,  and  thence  transferred  by  connecting  rod  in  the  usual  way. 
It  is  erroneously  called  in  all  the  catalogues  a  rotatory  engine. 


ing  machine  that  bears  his  name,  proposes  means  for  employing  the 
steam  expansively  in  these  engines,  and  points  out  their  advantages 
as  a  motive  power  for  the  screw  shaft  of  gunboats  or  others  of  light 
draught,  in  their  lightness,  facility  in  reversing,  lowness  in  the  boat, 


Fig.  274. 
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PRUSSIA. — Two  of  the  most  noteworthy  engines  in  the  Exhibi¬ 
tion  are  those  of  the  Magdeburg  and  Hamburg  Steam  Navigation 
Company  (1312),  Magdeburg,  and  of  the  Sprottau  Iron  Foundry 
(1321),  Liegnitz,  which  show  that  the  Germans  are  wide  awake  to 
whatever  is  most  recent  in  steam  engine  improvement.  These  are 
both  horizontal  engines  of  large  size  and  excellent  material  and 
workmanship,  high  pressure,  and  working  expansively  with  that 
peculiar  and  very  beautiful  American  form  of  valve  gear,  known  in 
the  United  States  as  Corliss’  valve  gear,  but  hitherto  almost  unknown 
in  this  country.  The  whole  bed  consists  of  one  great  hollow  rec¬ 
tangular  cast-iron  guide,  planed  all  over,  and  resting  upon  two  end 
blocks.  The  cylinder-piston  guides,  connecting  rod,  and  crank  are 
all  placed  at  one  side,  and  the  whole  of  the  governor  and  valve 
gear  at  the  other.  The  valves  are  four — two  for  induction  steam  on 
the  top,  and  two  for  exhaust  at  the  bottom,  and  all  at  the  extreme 
ends  of  the  cylinder.  Each  valve  consists  of  a  cylindric  aperture 
at  right  angles  to  the  axis  of  the  cylinder,  with  one  long  narrow 
port  in  its  curved  internal  surface,  over  which  moves  a  sector  valve 
vibrating  in  an  arc  round  a  flat  central  valve  spindle,  on  which 
the  valve  is  free  to  move  and  so  keep  firmly  up  to  the  face. 
Centrally  between  these  four  valves  is  placed  a  flat  ( wrist  plate) 
disc,  caused  to  vibrate  constantly  in  an  arc  round  its  centre  of 
motion  by  the  pin  at  its  upper  edge,  to  which  the  connecting  rod 
from  the  single  eccentric  is  dropped  on.  The  two  lower  or  educ¬ 
tion  valves  are  in  constant  communication,  by  means  of  two 
adjustable  rods,  with  the  two  lower  pins  of  the  wrist  plate  ;  and  their 
motion  is  such  as  to  leave  the  exhaust  ports  alternately  open  the 
whole  available  time  for  discharge.  To  the  two  upper  pins  of  the 
wrist  plate  are  connected  two  adjustable  valve  rods,  each  terminat¬ 
ing  in  a  peculiarly-shaped  spring,  and  upon  which  is  formed  a 
hooked  detent.  The  Y  levers  upon  the  induction  valve  spindles 
are  prepared  at  their  lower  ends  with  claws  that  take  into  the  hooked 
detents  of  the  preceding ;  and  the  peculiarity  of  this  part  of  the 
gear  is  that  these  hooks  of  the  spring  rod  which  hold  (and  therefore 
move)  the  vertical  branches  of  the  valve  Ys  are  thrown  out  of 
hold  by  the  action,  first  of  the  variable  angle  made  by  the  valve  rod 
in  vibrating  with  the  valve  lever  which,  when  originally  adjusted 
in  relation  to  the  strength  of  the  springs,  determines  the  fixed  pro¬ 
portion  of  the  expansion  ;  secondly,  by  the  action  of  the  governor 
sliding  up  or  down  two  flat  bars,  that  press  sooner  or  later  upon  the 
springs,  and  so  determine  the  variable  amount  of  the  expansion. 
The  induction  valves,  on  being  opened,  raise  each  a  weight  attached 
to  the  end  of  the  plumb  rods,  jointed  to  the  horizontal  branches  of 
the  Ya.  These  weights  are  solid  plungers  moving  in  small  verti¬ 
cal  air  cylinders,  and  so  arranged  that  the  fall  of  the  weights  sud¬ 
denly  pulls  back  the  valves  close,  and  so  cuts  off  the  steam  the 
instant  the  release  of  the  hooked  detent  occurs,  and  the  air  cushion 
compressed  in  the  bottom  of  the  cylinders  by  the  weights,  brings 
up  the  motion  without  shock,  though  very  quickly.  One  of  these 
two  engines  has  also  got  Mr.  Porter’s  governor  applied  to  it. 

F.  A.  Egells  (1297),  Berlin,  also  exhibits  a  beam  engine  on  Woolf’s 
principle,  mounted  on  one  great  central  column,  with  one  quadruple 
ported  slide  for  the  two  cylinders,  actuated  by  a  triangular-shaped 
cam  moving  in  a  slot  upon  the  valve  stalk.  There  is  a  triple 
parallel  motion  to  include  the  air  pump.  The  throttle  valve  is 
acted  on  almost  directly  by  the  governor,  moved  by  the  same  bevel 
gear  that  works  the  valve,  but  without  variable  cut  off.  The  style 
is  rather  clumsy,  but  the  execution  is  fair  enough.  There  are 
some  very  fair  examples  of  locomobile  work  in  this  division.  The 
preceding  are,  however,  the  most  important  objects  exhibited  in 
this  class. 

March  of  Engine-making  since  1851. — Perhaps  the  most  striking 
alteration  within  the  last  eleven  years  is  the  immense  increase  of 
horizontal  construction,  both  for  land  and  marine  engines.  This, 
however,  addresses  the  eye  in  the  Exhibition  to  an  extent  greater 


than  reality  will  justify,  because  the  largest  and  heaviest  class  of 
land  engines,  from  circumstances  obvious  enough,  have  never  been 
exhibited,  and  these  remain,  and  probably  will  remain,  of  vertical 
construction.  The  wide-spread  appreciation  of  the  value  of  expan¬ 
sion  and  the  spread  of  surface  condensation  are  the  next  most 
noticeable  features. 

Generally  advanced  and  more  exact  knowledge  of  principles  is 
evident  in  the  products  of  engine  makers  everywhere.  It  is  not  to 
be  concealed,  however,  that  the  advances  made  by  us  in  Great 
Britain  during  the  past  decade,  have  not  been  commensurate  to  those 
achieved  abroad.  America,  France,  Prussia,  and  Belgium  are  now 
in  the  order  named  fairly  “  our  rivals”  in  this,  that  we  have  been 
wont  fondly  to  suppose,  was  our  national  speciality  and  peculiar 
apostleship.  France,  in  her  superior  system  of  technical  education 
for  her  working  men,  with  the  sound  and  thorough  science  of  her 
technical  professors  and  leading  engineers  ;  Prussia,  with  her  own 
well-founded  system  of  bread-knowledge  education  of  her  worJcing 
classes,  their  sober  and  thrifty  habits — all  bid  us  beware  lest  in  this 
great  race  the  tortoise  beat  the  hare  at  last. 

SPECIAL  AUXILIARY  DETAILS. — Did  space  allow,  very  many 
fragmentary  matters  of  great  interest  in  connection  with  power 
might  be  referred  to.  In  new  or  improved  forms  of  boilers  there  is 
nothing  peculiarly  important.  Some  designs  by  Laurens  &  Thomas 
(1151),  Paris,  of  tubular  land  boilers  {a  foyer  amovible )  deserve 
being  noticed.  There  are  numerous — manometer,  steam  and  water 
guages,  &c.,  as  1139, 1159, 1160  (France),  and  one  1140,  a  magnetic 
water  indicator  of  considerable  ingenuity. 

A.  Pougault’s  (1143),  Paris,  “ Purgoir  ”  or  contrivance  for  draining 
off  the  mechanically  carried  up  water  from  the  steam  pipe  of  boilers 


Fig.  276. 


Pougault’s  Separator. 


(Fig.  276),  is  an  ingenious  application  of  what  has  been  long  known 
as  “  the  steam  trap  ”  with  us. 

Durenne  (1163)  Courbevoie,  shows  the  hydratmo-purificateur  of 
Wagner  and  Schau.  It  rests  upon  the  fact  that  if  calcareous 
waters  he  boiled,  under  suitable  conditions,  prior  to  their  introduc¬ 
tion  to  the  boiler,  a  large  proportion  of  the  dissolved  saline  matters 
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can  be  made  lo  precipitate,  and  may  be  removed  without  their 
entering  the  boiler.  We  can  here  only  refer  our  readers  to  a  full 
account  of  the  apparatus  in  Le  Genie  Industriel  for  April  last, 
No.  136,  tome  xxiii. 

Hediard  &  Joly  (1131),  Paris,  show  a  boiler  of  their  peculiar 
tubular  construction,  which  they  call  inexplosible  a  vapeur  in- 
stantanee.  Their  invention  moves  in  the  right  direction.  Palazot 
(1186),  Bordeaux,  and  Chodsko  (1185),  Paris,  produce  smoke¬ 
consuming  apparatus  for  marine  boilers,  and  Mignot  (1176),  Paris, 
manometers  wholly  metallic.  There  are  very  many  improved  or 
alleged  improved  fire  bars,  such  as  those  of  Fondu.  Perforated 
bars  are,  however,  now  common,  of  very  many  varieties,  and  the 
greatness  of  their  advantages  remain  problematical. 

India-rubber  belts,  &c.,  and  more  especially  valves,  collars,  flanges, 
&c.,  are  exhibited  in  great  variety  and  excellence  by  the  North 
British  Rubber  Company,  Mackintosh,  Hancock,  and  others. 


Fig.  277. 


Amene’s  Lubricator — Sectional  Elevation. 


In  apparatus  for  feeding  boilers  with  water,  there  is  nothing 
exhibited  so  elegant  as  the  apparatus  of  M.  Gargan  &  Company 
(1031),  Paris,  in  which,  by  the  simple  reciprocation  of  one  cylinder 
having  an  internal  cavity  and  two  apertures  laterally,  a  volume  of 
water  measured  by  it  is  transferred  at  every  movement  into  the 
boiler.  The  hollow  space  becomes  filled  with  steam  the  moment 
the  water  is  discharged  from  it  into  the  boiler.  This,  by  the 
movement  of  the  cylinder,  is  then  shut  up  and  cut  off  from  the 
boiler ;  and  as  soon  as  the  top  aperture  comes  opposite  the  water 
supply,  the  steam  is  condensed,  and  water  from  the  supply  takes 
its  place  to  pass  into  the  boiler  at  the  next  descent  of  the  cylinder. 


to  the  reservoir,  is  exhibited  at  work  in  Lecouteux’s  (1175)  engine, 
and  is  shown  in  Fig.  277.  It  is  the  invention  of  M.  Leon  Amene, 
of  Clermont-Ferrand.  The  power  is  taken  off  from  this  engine 
also  by  Roullier’s  curious  flat  link  jointed  leather  chain  belts,  the 
construction  of  which,  of  flat  links  of  leather  punched  out  from  bits 
of  shoemakers’  waste  leather  and  put  together  like  a  very  broad  flat 
chain,  of  which  every  link  has  some  degree  of  flexibility,  will  be 
evident  from  Fig.  278. 

An  extremely  beautiful  form  of  indicator  is  shown  in  Fig.  279, 
invented  by  Charles  B.  Richards  of  Hartford,  Connecticut,  U.S., 
patented  and  exhibited  by  Mr.  Charles  T.  Porter  of  New  York 
city,  of  which  it  is  praise  enough  to  say  that  the  diagrams  from  the 
Allen  Engine  which  we  have  engraved,  were  taken  by  it  while  the 
engine  was  making  150  revolutions  per  minute.  The  improvement 
consists  in  employing  very  light  moving  parts,  attached  to  a  short, 
and  therefore  stiff  spring,  instead  of  comparatively  heavy  moving 
parts,  attached  to  a  long,  weak,  and  therefore  tremulous  spring.  The 
motion  is  multiplied  by  a  lever  of  the  third  order,  and  a  parallel 
motion  is  employed  to  guide  the  pencil  in  a  straight  line.  It  will 
come  into  general  use  for  taking  diagrams  from  engines  running  at 
high  speeds,  from  its  singular  steadiness  of  motion.  It  is  very  little 
more  complex  than  the  M'Naught  instrument. 


Richard’s  Indicator— Elevation  and  Plan. 


Fig.  278. 


Roullier’s  Leather  Straps. 


There  are  many  very  elegant  contrivances  for  the  lubrication  of 
journals,  &c.  Cne  of  these,  which  is  in  fact  a  small  elementary  oil 
pump,  with  variable  discharge  into  the  journal,  and  overflow  back 


CALORIC  OR  AIR  ENGINES,  GAS  ENGINES,  ELECTRO-MAGNETIC 
ENGINES. — We  must  dismiss  this  branch  of  our  subject  much  more 
summarily  than  we  could  have  wished.  Heated  air  engines,  or 
“  caloric  engines,”  as  they  are  absurdly  called,  are  by  no  means  a  new 
affair ;  but  their  progress  has  been  so  slow,  and  probably  will  continue 
so  from  physical  difficulties  in  practice  almost  insuperable,  that  they 
stiU  are  popularly  viewed  in  the  useless  light  of  “  the  latest  novelty.” 
The  Stirlings,  Ericsson, Cayley,  La  Gree,  Gordon,  Joule,  W.  Thomp¬ 
son,  Norton,  Rankine,  and  Siemens  have  been  the  chief  labourers  in 
this,  so  far  at  least,  rather  profitless  field.  Very  few  air  engines  have 
ever  been  made  to  produce  a  result  worth  anything  in  practice. 
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There  is  this  radical  difference  of  condition  (the  full  nature  and 
importance  of  which  does  not  appear  to  have  been  as  yet  recognized 
by  those  engaged  in  the  subject)  between  an  air  engine  and  a 
steam  engine,  especially  of  condensation,  that  in  the  former  heat 
can  be  only  converted  into  mechanical  effort  through  the  means  of 
convected  and  radiated  heat,  involving  the  necessity  of  cylinders 
and  other  apparatus  of  the  most  cumbrous  size  and  weight  in  pro¬ 
portion  to  the  power  realized ;  whereas  in  the  latter  the  conversion 
depends  upon  an  immediate  and  per  saltum  change  of  molecular 
condition,  which,  in  the  case  of  condensed  steam,  instantly  realizes  an 
immense  amount  of  force  in  relation  to  the  spaces  within  which  its 
play  occurs.  In  fact  the  difference  is  analogous,  though  not  the 
same  as  that  which  produces  the  great  difference  in  condensative 
effect,  between  injection  and  surface  condensation.  The  little 
power  that  is  realized  has  been  shown  to  be  obtained  with  great 
theoretic  efficiency  so  far  as  the  heat  of  the  fluid  (air)  is  concerned, 
but  this  is  far  more  than  compensated  by  the  great  inefficiency  of 
the  furnace — i.e.,  of  the  apparatus  by  which  the  burnt  fuel  transmits 
its  heat  to  the  air ;  and  the  final  result  is  a  machine  so  far  not  capable 
of  many  useful  applications. 

All  air  engines  may  be  classed  into  those  in  which  the  fluid 
receives  and  rejects  heat  at  two  constant  temperatures — viz.,  those 
provided  with  regenerators  and  refrigerators,  and  those  in  which  the 
heat  is  received  and  rejected  at  two  constant  pressures — in  which  the 
regenerator,  &c.,  may  be  dispensed  with.  In  Ericsson’s  engine,  on 
board  the  boat  of  his  name,  the  total  power  realized  by  four  enormous 
cylinders  of  fourteen  feet  diameter  each  was  insignificant,  but  the 
anthracite  fuel  consumed  per  indicated  horse-power  was  very  nearly 
on  a  par  with  the  very  best  steam  engines.  It  results  from  this,  that 
in  some  countries  where  fuel  is  extravagantly  dear  and  water  itself 
scarce,  as  in  some  parts  of  India,  of  South  America,  and  of  Spain, 
these  engines  already  find  a  market. 

Such  is  the  distinction  of  these  engines,  as  made  by  Fawcett, 
Preston,  &  Company  of  Liverpool,  who  exhibit  one  of  the  size  and 


Fawcett,  Preston,  &  Co.'s  Caloric  Engine. 


class  of  which  they  have  made  a  considerable  number  for  M.  Pesant, 
who  is  possessor  of  the  patent  rights  appertaining  to  them,  and  has 
intrusted  to  the  above  firm  the  manufacture.  Fig.  280  is  a  lateral 
elevation  of  these  engines,  realizing  about  two  and  a  half  horse¬ 
power. 

D.  Chalmers  (1816),  Glasgow,  exhibits  an  engine  of  the  same 
class  ;  Niell  (1943),  London,  an  Ericsson  air  engine  of  two  horse¬ 


power  ;  Dennison  (32),  Rhode  Island,  United  States,  shows  an 
engine  similar  to  those  made  by  Fawcett,  Preston,  &  Company; 
and  another  is  shown  in  the  Austrian  division  by  Schmidt  (583), 
Vienna  ;  and  one  in  Prussia,  by  Schwartzkopf  (1319),  Berlin,  almost 
identical  with  the  former.  We  believe  these  are  the  whole  to  be 
found  in  the  building. 

GAS  ENGINES. — Gallardo  (850),  Barcelona,  exhibits  a  model  of  a 
locomotive  proposed  to  be  moved  by  hydrogen  gas  ;  and  in  France, 
Lenoir  &  Company  (1188),  Paris,  exhibit  (frequently  at  work)  a 
tolerably  large-sized  horizontal  gas  engine  upon  his  patent  plan. 
The  power  being  produced  by  the  rapid  inflammation  (amounting 
when  the  engine  is  driven  very  fast  to  explosion)  of  measured 
volumes  of  coal  gas  and  common  air,  fired  within  the  cylinder  by 
the  ignition  of  the  poles  of  a  galvanic  broken  circuit  at  each  end. 
The  slides  valves  are  very  simple,  and  appear  to  be  perfectly  air  and 
gas  tight  under  the  impulsive  strains  to  which  they  are  subjected. 
There  can  be  no  doubt  of  Lenoir  having  succeeded  in  making  a 
practicable  working  gas  engine.  What  may  be  its  efficiency  in 
relation  to  the  fuel  (gas)  consumed,  there  is  no  possible  means  of 
judging ;  for  although  medals  have  been  conferred  in  this  class,  and 
awards  of  merit  bestowed,  we  are  not  aware  that  a  single  real 
testing  experiment  has  been  made,  or  the  indicator  even  applied  to 
a  single  engine  in  the  building  except  to  that  of  Mr.  Porter,  who 
voluntarily  supplied  the  Richard’s  indicator,  and  produced  the  cards 
from  his  own  engine.  M.  Lenoir’s  engine  was  patented  as  a  com¬ 
munication  by  Mr.  J.  Henry  Johnson,  Lincoln’s  Inn  Fields,  London, 
No.  335,  1860;  and  No.  107,  1861. 

Mr.  Charles  W.  Siemens  (1987),  London,  is,  we  believe,  the  only 
other  exhibitor  in  this  department,  in  his  regenerative  gas  engine, 
of  which  a  plate  and  account  by  the  inventor  appear  in  the  Practical 
Mechanic's  Journal  for  the  current  year. 

There  are  a  few  electro-magnetic  power  engines,  but  of  an 
immature  character,  and  which  it  will  be  scarcely  necessary  to  refer 
to  further. 

Rankine  has  shown  that  the  energy  in  heat  developable  from  the 
electro- chemical  consumption  of  a  pound  weight  of  zinc  varies 
according  to  the  nature  of  the  battery,  when  estimated  in  mechani¬ 
cal  power  from  1,095,468  to  694,800  foot  pounds,  or  from  about 
l-10th  to  nearly  l-16th  that  produced  by  the  combustion  of  a  pound 
of  carbon.  Yet  the  efficiency  of  the  engine  itself,  as  a  source  of 
power,  is  much  more  nearly  perfect  than  in  any  heat  engine  what¬ 
ever — i.  e.,  probably  four  times  more  of  the  developed  energy  can 
be  utilized,  than  in  the  best  known  heat  engines.  This  taken  into 
account,  a  pound  of  zinc  will  return  4-10ths  of  the  work  of  a  pound 
of  carbon  when  burnt ;  and  as  zinc  is  forty  or  fifty  times  the  price  of 
its  equivalent  in  coal,  electro  magnetic  engines  are  with  such  source 
of  power  greatly  more  expensive  than  any  other  known  prime  mover. 
The  great  avenue  to  any  improvement  here  lies  in  the  discovery 
either  of  the  means  of  enormously  reducing  the  cost  of  zinc,  or  of 
finding  a  substitute  for  it  as  an  electro- chemical  motor,  which  must 
be  from  one  hundred  to  two  hundred  tinles  as  cheap.  Looking  to 
what  we  already  know  in  reference  to  this  subject,  we  doubt  not 
that  hereafter  the  electro-magnetic  engine  will  become  a  profitable 
source  of  power,  and  enable  many  things  to  be  accomplished  that  at 
the  present  moment  are  impracticable  by  reason  of  the  cumbrous 
nature  and  great  weight  of  all  steam  or  other  heat  engines,  and  of 
the  water  and  fuel  they  require. 

WATER-POWER  ENGINES. — The  water-power  machines  exhi¬ 
bited  can  scarcely  be  viewed  as  important,  or  fully  representative 
of  the  existing  state  of  this  branch  of  engineering.  Machines 
delivering  water  power  are — either  water  wheels  revolving  vertically, 
of  the  well-known  types,  and  acting  by  gravity  or  impulse,  or  by 
both;  water  pressure  engines  transmitting  the  direct  hydrostatic 
power  of  the  liquid  column  to  a  piston ;  or  turbines,  i.  e.,  water 
wheels  revolving  horizontally.  Of  the  latter  several  of  the  oldest 
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types  acted  by  impulse  only, 
divided  into  three  classes,  viz. — 

1st,  Turbines  in  which  the  water  reaches  and  quits  the  wheel  in 
directions  more  or  less  parallel  to  the  axis  of  rotation. 

2nd,  Turbines  in  which  the  water  reaches  and  quits  the  wheel 
radially,  flowing  from  the  centre  towards  the  circumference 
more  or  less  horizontally. 

3rd,  Turbines  in  which  the  water  reaches  and  quits  the  wheel 
as  in  the  preceding  with  regard  to  direction,  but  flows 
from  the  circumference  towards  the  centre  whence  it 
escapes. 

And  the  universal  condition  as  to  maximum  efliciency  of  all 
machines  recipient  of  water  power  is,  That  the  water  shall  reach 
the  machine  without  shock  and  quit  it  without  velocity.  This  limit  can 
never  be  in  practice  reached,  and  although  very  contrary  but  very 
unreliable  statements  are  made,  probably  no  machine  receptive  of 
water  power  has  ever  yet  been  made  that  has  delivered  within  20 
per  cent,  of  the  entire  or  theoretic  power  of  the  fall. 

In  the  whole  exhibition  we  believe  there  is  not  exhibited  any 
water  wheel  of  the  vertical  type  requiring  notice,  nor  are  there  any 
water-pressure  engines,  except  models  of  the  method  of  transferring 
fluid  pressure  by  hydraulic  connection,  which  was  invented  and  fully 
grasped  by  J oseph  Bramah  soon  after  his  invention  of  the  hydraulic 
press,  but  which  was  then  an  appliance  in  advance  of  the  day,  and 
which  remained  dormant  until  a  few  years  since,  when  it  was  taken 
up  anew  by  Mr.  Armstrong  (now  Sir  William),  and  with  some 
adaptations  and  improvements  as  to  details  of  construction,  brought 
largely  and  successfully  into  use  as  a  power  for  hoist¬ 
ing  apparatus,  and  for  moving  large  lock  gates,  swivel 
bridges,  &c. 

Besides  these  there  are  some  water  meters  exhibited, 
which  are  stated  to  be  also  applicable  as  water-pressure 
engines.  These  are  either  imperfect  turbines  or  water- 
pressure  (i.  e.,  piston)  engines,  and  not  being  provided 
with  efficient  means  of  relieving  the  shock  at  the  change 
of  stroke,  are  not  capable  of  any  considerable  extension 
in  size  and  power. 

We  may,  therefore,  pass  on  to  the  turbines,  of 
which  a  few  are  exhibited. 

There  are  three  main  advantages  of  the  turbine  as 
compared  with  the  vertical  water  wheel;  1.  It  admits 
of  application  to  excessively  high  falls — turbines  have 
been  erected  on  falls  of  nearly  400  feet — and  to  ex¬ 
tremely  low  ones.  The  writer  of  this  article  has  con¬ 
structed  turbines  of  a  very  large  size  upon  a  fall  of  little 
more  than  two  feet  in  winter.  The  ordinary  water 
wheel  is  scarcely  applicable  to  any  fall  exceeding  eighty 
feet— the  writer  has  constructed  in  Ireland  two,  one  of 
eighty,  and  one  of  seventy-five  feet  diameter — nor  to  any 
fall  unless  with  great  loss,  below  about  five  feet.  2.  The  loss  of  use¬ 
ful  effect  by  working  in  backwater,  or  drowned ,  is  greatly  less  in  the 
turbine  than  in  the  water  wheel.  The  latter  generally  loses  from 
l-5th  to  l-4th  of  its  efficiency  when  the  ring  of  buckets  is  com¬ 
pletely  dipped.  The  former  will  work  several  feet  under  water, 
with  a  loss  that  appears  not  to  reach  l-20th  of  its  full  efficiency. 
3.  The  volume  of  water  at  different  times,  and  the  angular  velocity 
of  the  turbine,  may  be  varied  without  serious  loss  of  effect  within 
much  wider  limits  than  in  the  water  wheel ;  and  to  this  may  be 
added  that  whereas  the  water  wheel  is  essentially  a  slow  mover,  and 
requires  high  rotative  velocity,  when  needed,  to  be  brought  up  by  a 
considerably  intermediate  train  of  gearing,  in  the  turbine  a  rapid 
rate  of  rotation  can  be  secured  even  at  the  vertical  spindle  of  the 
first  mover. 

The  disadvantages  of  the  turbine  as  compared  with  the  water 
wheel,  or  some  of  them,  are  that,  for  moderate  falls,  the  machine 


is  more  expensive  in  outlay  than  the  water  wheel ;  more  or  less 
of  its  parts  are  constantly  immersed ;  the  whole  may  become  so. 
Hence  attention  and  repair  become  more  difficult  in  a  machine  all 
the  parts  of  which  are  of  rather  more  delicate  adjustment  than  those 
of  the  common  water  wheel.  Solid  bodies  which  may  pass  innocu¬ 
ously  through  a  common  water  wheel  must  in  flood  times,  and 
always,  be  sedulously  kept  out  from  the  water-supply  of  turbines. 
One  of  the  greatest  practical  difficulties  experienced  has  always  been 
in  the  adjustment  and  preservation  of  the  central  pivot,  upon  which 
the  movable  parts  of  these  machines  revolve  ;  and  this,  though 
greatly  lessened  by  later  improvements,  cannot  even  yet  be  said  to 
have  been  wholly  removed. 

The  turbine,  viewed  as  simply  a  horizontal  wheel  of  impulse  or 
of  reaction,  is  possibly  the  most  ancient  of  all  forms  of  water  wheel. 
Remains  of  horizontal  wheels  rudely  made  of  timber,  with  a  ring 
of  skewed  buckets  or  boards,  have  been  found  in  peat  bogs  in  the 
northern  countries  of  Europe,  and  to  this  day  are  employed  in 
Switzerland  and  amongst  the  Arabs  of  the  Atlas. 

The  oldest  true  turbine,  however,  is  perhaps  that  of  the  Basacle 
mill  at  Toulouse,  described  by  Belidor  ( Architecture  Hydraulique ), 
and,  we  believe,  is  still  at  work.  The  celebrated  Euler  investigated 
the  theory  of  these  machines,  and  laid  the  foundation  for  their 
improvement.  Manoury,  Burdin,  and  others,  early  in  this  century 
produced  several  improved  and  by  no  means  inefficient  machines  ; 
but  Fourneyron  must  be  viewed,  about  1827,  as  the  real  originator 
of  the  modern  turbine,  and  the  precursor  of  all  the  improvements 
which  have  resulted  in  the  many  forms  of  turbine  of  to-day. 


B.  Donkin  &  Company  (1840),  London,  exhibit  a  vertical  current 
turbine,  with  a  revolving  disc  of  3^  feet  diameter,  altogether  in 
cast-iron,  and  prepared  to  be  receptive  either  of  a  high  or  a  low  fall. 
It  is  shown  in  exterior  elevation  and  in  vertical  axial  section  in 
Figs.  281  and  282. 

The  thinner  the  directrices  and  buckets  of  a  turbine  can  be  made, 
the  better.  They  are  tolerably  thin  and  well  formed  in  this  ex¬ 
ample  ;  but  the  condition  can  be  best  fulfilled,  though  at  a  greater 
expense,  by  the  use  of  sheet-iron  in  fixed  cast-iron  or  other  rings.  The 
drawing  on  and  shutting  off  of  the  water  is  effected  by  means  of  a 
flat  sector  ring,  which  covers  about  half  the  circumference  of  revolu¬ 
tion,  being  moved  round  so  as  to  cover  or  expose  more  or  less  of 
that  portion  of  the  whole  fixed  ring  which  is  perforated  to  permit 
the  passage  of  the  water.  The  toe  step  which  supports  the  weight 
of  the  revolving  ring  and  its  shaft,  as  well  as  such  vertical  dead 
pressure  as  the  water  brings  upon  these,  is  transferred  by  a  fixed 


Those  of  more  modern  date  may  be 


Fig.  281.  Fig.  282. 


Donkin’s  Turbine — Elevation. 
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upright  spindle  in  the  interior  of  the  hollow  revolving  shaft  to  a  point 
above  and  exterior  to  the  water  casing,  where  it  is  visible  and  is 
provided  with  adjustments,  &c. 

Messrs.  Donkin,  who  have  been  known  for  two  or  three  genera¬ 
tions  for  the  general  excellence  of  their  hydraulic  apparatus,  have 
erected  between  thirty  and  forty  of  these  turbines,  varying  in  power 
from  120  to  20  horse  power,  and  in  fall  from  fifty  feet  down  to 
six  feet.  One  of  these,  erected  upon  a  fall  of  forty-four  feet  in 
Sweden,  has  been  proved  by  dynamometrical  experiment  to  return 
76  per  cent,  of  the  theoretic  power  of  the  fall,  the  volume  of  water 
employed  being,  however,  only  calculated  by  the  velocity,  &c.,  in 
the  canal. 

A  turbine  of  this  type  for  lower  falls,  as  exhibited  in  the  French 
department  by  Fontaine  &  Brault  (1172),  Paris,  is  shown  in  vertical 
section  in  Fig.  283.  In  this  the  line  of  fixed  directrices  is  divided 
into  two  parallel  rings  of  buckets  by  an  intermediate  septum ,  the 
object  of  which  is  to  admit  of  permanently  shutting  off  the  interior 
ring  (half)  of  the  entire  apertures  of  discharge,  in  times  of  small 
supply  of  water,  i.e.,  during  the  dry  season  of  the  year,  by  plates 
prepared  to  fit  the  upper  mouths. 


Fig.  2S3. 


Fontaine  &  Brault’s  Turbine — Vertical  Section. 


The  method  by  which  the  water  is  drawn  on  or  shut  off,  from 
either  the  half  or  the  whole  ring  of  apertures,  is  by  a  circular 
band  of  gutta  percha  in  two  segments,  each  equal  to  half  the  cir¬ 
cumference,  which  are  fixed  at  one  end  to  the  ring  plate,  and  at  the 
other  are  rolled  up,  upon,  or  off  from,  the  surfaces  of  two  frustra  of 
cones,  caused  to  roll  round,  in  the  annular  breadth  and  circular  track 
of  the  bands,  by  a  semicircular  toothed  sector,  and  pinion  on  a  vertical 
shaft.  This  arrangement  does  not  look  as  simple,  nor  seem  as 
permanent  or  safe,  as  the  preceding  one  of  Donkin  ;  but  as  fulfilling 
the  conditions  prescribed  by  theory  in  these  machines,  it  is  much 
better.  These  exhibitors  (1173)  also  show  one  of  their  turbines 
for  high  falls  (70  to  80  feet),  of  which  vertical  and  horizontal 
sections  are  given  in  Fig.  284.  The  closing,  and  more  or  less 
opening,  of  these  turbines  is  effected  in  a  very  elegant  manner  by 
means  of  the  central  circular  sluice,  so  constructed  that  between 


Fig.  284. 


very  wide  limits,  the  form  of  the  apertures  of  discharge  vary  but  very 
little  from  being  constant.  This  firm  has  executed  of  various  sorts 
of  turbines,  all  being 
abroad,  no  less  than 
394,  of  an  aggregate 
power  of  8579  horse¬ 
power. 

Easton  &  Amos 
(1844),  London,  ex¬ 
hibit  a  cast-iron  cased 
turbine,  as  shown  in 
vertical  axial  section 
in  Fig.  285  of  the 
nominal  power  of  60 
horse-power.  This 
differs  from  the  type 
of  the  two  preceding, 
in  that  it  is  a  turbine 
receiving  the  water 
at  the  centre  and  dis¬ 
charging  it  radially 
at  the  circumference. 

There  are  twenty 
directrices  and  forty 
buckets,  the  curves 
of  which,  to  the  eye, 
are  well  adjusted. 

The  method  of  draw¬ 
ing  on  or  shutting 
off  the  water,  is  by 
a  cylindrical  sluice, 
which  being  rotated 
by  means  of  sector 
and  pinion  work, 
and  passing  over 
four  inclined  planes 
(elementary  screw 
threads),  is  raised  or 
dropped  vertically 
between  the  ring  of  fixed  directrices  and  the  revolving  ring  of 
buckets.  When  fully  drawn,  this  arrangement  involves  an  open  or 
free  space  which  the  issuing  water  has  to  cross,  of  from  §  of  an 
inch  to  an  inch  all  round  between  the  former  and  the  latter,  and 
is  decidedly  objectionable  in  principle.  Were  this  ring  made  as 
thin  as  safety  would  permit,  and  of,  say,  hard  rolled  copper,  with  8 
per  cent,  of  zinc  to  give  rigidity,  it  would  be  a  great  improvement 
upon  its  existing  structure  in  cast-iron.  We  have  ourselves  em¬ 
ployed,  as  we  conceive,  a  far  better  mode  of  applying  a  cylindrical 
sluice,  by  dropping  it  externally  to  the  delivering  apertures  of  the 
revolving  ring  and  free  of  them,  balancing  it  well,  and  acting  on  it 
by  a  governor,  with  separate  means  above,  for  cutting  off  the  water 
totally,  when  the  turbine  was  to  remain  for  a  time  at  rest.  This  we 
found  to  answer  extremely  well  upon  a  turbine  of  the  very  large 
size,  that  it  took  in  260  cubic  feet  of  water  per  second,  upon  a  fall 
which  in  winter  was  little  more  than  two  feet,  but  in  summer 
reached  eight  feet. 

In  Easton  &  Amos’  turbine  the  method  of  pivoting  is  practically 
the  same  as  in  Donkin’s,  and  in  Fontaine  &  Brault’s.  It  is  a  mode 
by  no  means  free  from  serious  objection.  The  vertical  pressure  of 
the  pivot,  transferred  up  to  the  top  of  a  slender  stem,  kept  in  place 
and  guided  only,  by  the  hollow  shaft  revolving  round  it,  is  always 
liable  to  a  vibratory  motion  very  detrimental  to  easy  working,  and 
to  the  durability  of  a  toe  step  exposed  to  severe  pressure.  In  the 
example  by  ourselves,  above  adverted  to,  we  hung  the  whole  weight, 
of  the  revolving  ring  and  its  shaft  and  all  the  pressure  of  the  water 


Fontaine  &  Brault’s  Turbine — Vertical 
and  Horizontal  Sections. 
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upon  it,  from  a  ring  of  three  conical  rollers  above  the  pen  trough, 
running  between  two  turned  conical  surfaces,  like  the  supporting  ring 
of  a  swivel  bridge,  and  had  no  central  toe  step  at  all,  but  merely 
central  guide  brasses  above  and  below.  The  arrangement  has  been 
found  to  work  well,  and  has  been  severely  tested  for  several  years. 


Fig.  2S5. 


Easton  &  Amos’  Turbine — Vertical  Section. 


The  North  Moor  Foundry  Company  (1948),  Oldham,  exhibit 
Schiele’s  patent  turbine,  the  general  construction  of  which  will  be 
obvious  from  Figs.  286  and  287.  This  in  reality  belongs  to  the 


Schiele’s  Turbine  Water  Wheels— Vertical  Section. 


type  of  turbines  receiving  water  at  the  circumference  and  delivering 
it  at  the  centre.  It  differs,  however,  from  Thompson’s  construction 
in  the  paths  given  to  the  filaments  of  water  in  passing  through  the 
wheel,  and  also  in  this  respect  from  the  “  Pleodynamic  Turbine”  of 


Fourneron,aud  the  differences  are  not  advantageous.  These  turbines 
are  small  in  cost  originally,  we  doubt  not,  and  durable  in  work,  but 
cannot  by  possibility  return  a  useful  effort,  equal  to  those  well  con¬ 
structed,  upon  the  principles  either  of  Fourneron  or  of  Thompson.  A 
statement  is  circulated  along  with  this  turbine  in  the  following 
words  : — 

“  According  to  the  formula  for  (calculating  the  quantity  of  water 
given  by  Mr.  Blackwell,  for  which  the  Institution  of  Civil  Engineers 
awarded  him  a  premium,  and  which  formula  appears  to  be  adopted 
by  William  Fairbairn  in  his  recent  work,  ‘Mills  and  Millwork,’  the 
effective  power  given  out  by  this  turbine  is  89  per  cent.” 


Upon  this  we  would  remark,  and  we  believe  we  are  sustained  by  the 
conclusions  of  all  those  most  competent  to  announce  unbiassed  and 
true  results  on  such  questions,  that  no  machine  has  ever  yet  been 
made  by  man  that  realizes  89  per  cent,  of  the  whole  power  of  the 
fall.  The  error,  if  error  it  be  in  this  instance,  has  the  usual  source  of 
such — the  weight  of  water  expended  is  not  experimentally  ascertained 
but  calculated  by  a  formula ,  and  so  the  result  is  unworthy  of  being 
viewed  as  an  experimental  one  at  all.  Such  a  mode  of  trial  if  in 
dishonest  hands  is  capable  of  being  “cooked,”  and  in  those  the 
most  faithful  and  trustworthy,  may  be  in  error  to  an  amount  often 
quite  equal  to  the  entire  difference  between  the  best  and  the  worst 
turbine.  We  may  add,  in  passing,  that  the  Institution  of  Civil 
Engineers  did  not  give  Mr.  Blackwell  any  premium  for  a  formula; 
nor,  had  it  so  far  departed  from  its  usual  practice,  would  that  have 
added  the  least  weight  to  this  amazing  statement.  The  premium 
awarded  to  Mr.  Blackwell  was  for  the  whole  of  a  very  excellent 
paper  on  Hydraulics.  Statements  of  very  much  this  character  have 
been  announced  as  to  the  duty  of  turbines  erected  in  the  United 
States,  and  rest  on  quite  a  like  basis. 

A  model  and  drawing  are  exhibited  of  a  form  of  turbine  by  R. 
Roberts  &  Company  (1968),  London,  in  which  it  is  proposed  to  take 
part  or  the  whole  of  the  weight  both  of  the  machine  and  the  insistent 
water  from  the  revolving  disc,  by  balancing  it  with  the  reactive 
pressure  of  the  water  itself  from  below.  This  is  not,  however,  novel; 
it  is  claimed  by  Schiele,  and  justly,  as  one  of  the  possible  advan¬ 
tages  realizable  by  his  turbine,  and  the  same  thing  has  been  pro¬ 
posed  and  effected  in  the  pleodynamic  turbines  of  Fourneron,  and 
in  some  others  on  the  Continent.  In  practice,  however,  the  method, 
owing  to  the  variable  head  of  water  and  the  variable  resistances  to 
the  power,  is  found  to  produce  objectionable  unsteadiness  in  the 
machine. 

Amongst  the  numerous  varieties  of  turbine  that  have  been  pro¬ 
jected,  probably  the  most  singular  and  theoretically  the  most  perfect, 
though  unfortunately,  we  believe,  perfectly  impracticable,  is  that  of 
Girard  (the  turbine  verticale),  of  which  an  account  may  be  found  in 
Dingler's  Polytechnisches  Journal ,  bd.  cxl.,  heft.  6.,  and  of  which 
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one  is  said  to  have  been  erected  on  the  Marne  of  a  large  size, 
upon  a  fall  of  only  half  a  metre.  It  appears  quite  unknown  in 
England. 

The  last  turbine  exhibited,  that  we  can  afford  space  to  notice,  is 
that  shown  by  Williamson  Brothers  (2816),  Kendal,  and  is,  in  fact, 
the  vortex  wheel  of  which  Professor  James  Thompson  of  Belfast  is  the 
inventor.  It  is  of  the  type,  receptive  of  water  at  the  circumference  and 
delivering  at  the  centre.  Its  general  exterior  character,  as  designed 
for  high  falls,  and  therefore  large  pressure  and  small  volume,  is  shown 
in  Fig.  288.  These  wheels,  of  which  a  considerable  number  have 


Fig.  2S8. 


"Williamson's  Turbine. 


been  erected  in  Ireland  and  other  parts  of  the  United  Kingdom, 
have  in  some  cases,  we  believe,  realized,  upon  rigid  experiment 
with  the  dynamometric  break,  a  useful  effect  of  79  per  cent., 
and  about  the  same  has  been  realized,  by  the  turbines  at  Lowel 
in  the  United  States.  There  are  two  principal  advantages  claimed 
for  this  type  of  turbine,  over  those  receptive  of  water  at  the 
centre,  viz.: — 1.  That  the  requisite  full  supply  for  the  buckets — 
generally  a  matter  of  some  nicety  to  insure,  in  central  receptive 
turbines  when  moving  fast — is  by  this  construction  easily  procured. 
2.  That  these  turbines  are,  by  the  very  effect  of  centrifugal  force, 
reactive  on  their  own  water,  more  steady  in  moving  under  variable 
loads  than  the  other,  having  a  certain  amount  of  inherent  self- 
governance.  Beyond  these  two  facts  we  do  not  think  anything 
important  can  be  alleged,  constructively  in  favour  of  the  vortex,  over 
the  central  reception  turbine.  Theoretically  the  differences  between 
the  two  types  have  been  greatly  misunderstood,  by  those  who  have 
not  been  in  a  position  to  investigate  accurately  the  somewhat  com¬ 
plicated  hydrodynamics  of  the  question.  Thus,  it  is  said  in  circulars 
handed  in  the  Exhibition — 

“  In  this  turbine  (the  vortex)  the  effect  of  the  water  is  to  a  great 
extent  neutralized,  by  the  wheel  acting  like  a  centrifugal  pump,  so 
that  the  water  must  necessarily  be  thrown  back  by  its  centrifugal 


action,  thereby  counteracting  the  pressure  of  the  water  entering, 
and  of  course  destroying  much  of  its  power.  As  this  injurious 
1  centrifugal  force  ’  also  absorbs  power  to  produce  it,  there  is  a  two¬ 
fold  waste  of  effect.  Another  serious  defect  is,  that  the  escape  of 
the  water  is  not  sufficiently  free.” 

As  we  cannot  spare  further  space  to  go  into  discussion  of  the 
matter,  we  will  quote  against  this  the  following  statement  of  Professor 
James  Thomson  of  Glasgow : — 

“  Besides  the  general  fulfilment  of  the  above-mentioned  essential 
conditions  for  a  good  hydraulic  machine,  there  is  in  these  water 
wheels  the  vortex,  a  very  remarkable  adaptation,  according  to  which, 
by  the  balancing  of  the  contrary  fluid  pressures  due  to  half  the  head 
of  water,  and  to  the  centrifugal  force  in  the  wheel,  only  one  half 
(instead  of,  as  in  most  of  the  turbines  previously  known  to  the 
public,  the  whole,  or  more  than  the  whole)  of  the  work  due  to  the 
fall  is  spent  in  communicating  vis  viva  to  the  water,  to  be  after¬ 
wards  taken  from  it,  during  its  passage  through  the  wheel ;  the 
remainder  of  the  work  being  communicated  through  the  fluid  pres¬ 
sure  to  the  wheel,  without  any  intermediate  generation  of  vis  viva. 
By  this  important  arrangement  the  velocity  of  the  water,  where  it 
moves  fastest  in  the  machine,  is  very  much  reduced  ;  and  the  loss 
due  to  the  retarding  action  of  channels  or  passages,  which  cannot  be 
entirely  removed  in  any  hydraulic  machine,  is  thus  diminished  to  a 
great  degree.  In  this  characteristic,  vortex  wheels  have  a  superiority 
over  the  best  turbines  ofFourneyron  or  Poncelet.” 

Did  space,  at  the  end  of  an  article  that  has  already  largely  exceeded 
its  limits,  allow  us,  we  believe  we  could  show,  however,  that  all  things 
taken  into  account ,  there  is  no  serious  advantage  obtained  by  the 
vortex  over  the  best-constructed  turbine  of  other  types. 

The  turbine  has  been,  par  excellence,  a  French  machine,  and  in 
its  construction  and  improvement,  the  engineers  of  that  nation  still 
generally  maintain  their  superiority,  mainly  because  more  exact 
science  is  found  combined  with  technical  knowledge  amongst  their 
hydrodynamic  engineers,  than  is  usually  the  case  with  ourselves. 
This  is  one  of  the  great  national  lessons  that  this,  as  well  as  many 
other  portions  of  the  Exhibition  of  1862,  ought  to  impress  upon  us. 


2-HEATING  AND  VENTILATION. 

By  R.  Mallet,  Esq.,  C.E.,  F.R.S.,  F.G.S. 

EW  subjects  within  the  vast  encyclo¬ 
paedia  of  the  Exhibition  are  of  more 
direct  importance  to  man’s  physical 
happiness  than  this  of  his  supply  of 
heat  and  of  pure  air.  Yet,  from 
many  causes  that  we  cannot  here 
go  into,  perhaps  no  subject  of 
mechanical  science  has  been  more 
delivered  over  to  charlatanry ;  and 
this,  notwithstanding  (hat  it  has  a 
literature  of  its  own,  adorned  by 
such  names  as  Desaguliers,  Davy, 
Rumford,  Chabannes,  Buchanan,  Sylvester,  Tredgold,  Richardson, 
Inman,  Walker — Bernan,  who  has  written  the  most  elegant  history 
of  the  subject  ever  penned — Reid,  Gurney,  and  Ritchie,  with  several 
others. 

Within  the  narrow  limits  assigned  to  us,  we  propose  briefly 
sketching  the  scope  of  the  subjects ;  and  to  notice  a  few  of  the  very 
broadest  conditions  essential  to  successfully  carrying  them  out. 

We  shall  adopt  this  course,  for  this  amongst  other  reasons,  that 
the  Exhibition  of  1862  does  not  in  this  department  present  ono 
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single  object  of  essential  novelty,  merit,  or  even  interest.  We  doubt 
if  there  be  one  within  the  building,  so  absolutely  barren  in  the  proof 
of  any  advance  whatever  since  1851.  Medals  have,  we  believe, 
been  awarded  here,  but  on  what  grounds  we  cannot  imagine,  unless 
it  be,  that  every  department  must  have  some  medals  or  “  honourable 
mention,”  as  an  inducement  to  come  again  and  help  to  make  another 
show  ;  for  we  have  been  unable  to  discover  any  one  design  or  article, 
that  was  not  as  well  known  and  as  well  practised  eleven  years  ago. 
Nor  does  the  building  itself  present  anything  in  the  slightest  degree 
instructive  on  the  subject.  In  the  naves  and  main  courts  the  enor¬ 
mous  capacity  and  altitude  of  the  building  are  such  that  with  a  crowd 
of  even  70,000  persons,  a  number  which  it  has  never  yet  received,  there 
would  be  something  like  600  cubic  feet  of  space  for  each  individual ; 
and  with  huge  side  light  and  ventilator  apertures,  to  open  against 
the  wind,  it  is  no  wonder  that  with  the  greatest  crowd  yet  collected, 
only  a  rise  in  temperature  of  about  2°  Falir.  has  been  announced,  as 
between  the  floor  and  gallery  levels.  Scientific  ventilation  means 
the  establishment  of  an  artificial  climate.  Nothing  of  the  sort  is 
here  provided ;  the  climate  of  the  building  is  almost  absolutely  de¬ 
pendent  on  that  outside  for  the  time  being — well  enough  while  it  is 
summer  out  of  doors,  but  proving  already  of  a  cold  and  draughty 
day,  how  utterly  useless  for  any  practicable  or  permanent  purpose 
the  building  would  become  in  winter,  and  how  impossible  to  warm 
at  any  reasonable  cost.  Ventilation  has  been  insured  by  an  excess 
of  openings,  and  by  a  structural  arrangement  that  in  reality  leaves  it 
master ;  in  fact,  with  even  a  summer  breeze,  from  the  north,  or  near 
it,  the  storm  that  sets  into  the  building  from  both  Annexes,  and  sweeps 
up  through  and  out  at  the  domes,  as  two  great  shafts,  without 
reaching  any  other  parts  of  the  edifice,  was  on  several  days  already, 
unendurable. 

In  the  Western  Annexe,  if  anywhere,  there  was  room  for  some 
display  of  skill  in  providing  ventilation  ;  but  here,  where  it  is  wanted 
more,  the  proportion  between  cubic  content  and  open  aperture,  is 
actually  less  than  in  any  part  of  the  main  building,  and  yet  there 
are  some  three  or  four  thousand  feet  of  large  steam  pipe  unjacketted, 
and  innumerable  heated  metallic  exposed  surfaces  here  to  have  been 
provided  against,  as  well  as  the  lungs  and  skins  of  a  dense  mass  of 
people,  in  a  building  averaging  little  more  than  half  the  height  of  the 
main  one,  and  with  a  much  less  proportion  of  glass,  and  no  brick, 
exposed  for  radiation.  It  is  no  wonder,  then,  that  people  complain 
that  “  the  machinery  makes  them  dizzy,”  while  in  fact  they  are 
asphyxiated.  Even  at  this  late  season  the  discomfort  might  be  a 
good  deal  mitigated,  either  by  lapping  the  steam  and  exhaust  pipes 
under  the  floor  with  haybands,  then  daubed  over  by  hand  with 
tempered  clay,  or  by  filling  in  the  pits  partially  with  dry  sawdust  or 
dry  spent  tanners’  bark. 

Both  heating  and  ventilation  become  comparatively  easier,  the 
larger  is  the  capacity  of  the  space.  The  most  difficult  of  all  problems 
is  to  warm  a  common-sized  dwelling  chamber  comfortably,  and  yet 
provide  for  amply  sufficient  ventilation,  without  producing  draughts. 
Most  of  the  small  rooms  of  the  middle  classes,  were  they  whole¬ 
somely  ventilated,  by  changing  at  least  seven  or  eight  cubic  feet  of 
the  air  per  minute  for  each  occupant  (without  reference  to  gas  or 
other  lights),  would  become  a  mere  air-tube,  and  the  common  means 
provided  for  keeping  up  the  temperature,  by  a  stove  or  grate,  would 
be  wholly  inadequate ;  and  no  matter  how  scorching  the  radiated 
heat  of  the  fire  might  be,  the  draught  would  so  rob  the  skin  and 
clothing  of  moisture,  and  with  it  of  heat,  that  the  occupants  would 
“  catch  cold,”  and  could  not  bear  the  sense  of  discomfort.  This  is 
the  real  nature  of  the  most  unwholesome  of  all  the  conditions  affecting 
the  dwellings  of  our  middle  and  poorer  classes,  which  would  be 
much  worse  than  even  they  are,  were  it  not  for  the  beneficial 
effects,  though  still  inadequate,  of  the  common  wasteful  open  fire 
grate,  in  compelling  ventilation.  One  of  the  reasons  why  our 


noble  and  wealthy  classes  are  long-lived,  is  their  dwelling  in 
large  rooins.  “  A  cosy  little  room  ”  is  only  possible  at  the 
expense  of  pure  air,  with  any  of  our  usual  modes  of  warming. 

We  cannot  for  ages  to  come,  if  ever,  so  raise  the  condition  of 
society,  that  the  middle  and  lower  classes  shall  inhabit  much 
larger  rooms  than  they  do  at  present ;  but  it  is  quite  within  the 
scope  of  practicability,  engineering  and  financial,  that  co-operative 
dwellings  should  be  constructed,  and  let  at  moderate  rents  to  the 
poorer  classes,  and  supplied  with  gently  warmed  air,  laid  on  in 
mains  from  one  common  source,  and  perpetually  renewed  in  every 
room ;  and  it  would  be  no  undue  nor  unwise  stretch  of  legislation 
(which  already  secures  inspection  of  lodging-houses,  &c.,  with  the 
same  sanitary  view)  that  inspection  of  all  dwellings  below  a  cer¬ 
tain  class  should  be  a  police  duty,  and  that  wilful  stoppage  of  ven¬ 
tilation  when  provided  as  above,  should  become  a  criminal  offence. 

In  large  areas,  such  as  those  of  hospitals,  theatres,  churches,  or 
prisons,  there  is  less  difficulty  in  effectual  ventilation,  combined  with 
warmth  and  without  draughts.  In  prisons  this  has  been  effectually 
done — as  at  Pentonville,  or  at  Mountjoy  convict  prison  (in  the  latter 
of  which,  heated  and  ventilated  by  the  writer,  there  are  about  four 
miles  of  hot-water  pipes),  so  that  it  has  been  found  practicable  to 
maintain  a  constant  temperature  in  every  one  of  several  hundred 
cells  within  2°  of  Fahrenheit,  winter  and  summer.  But  in  such 
cases,  indeed  in  every  case  of  perfect  and  steady  ventilation,  it  is 
necessary  to  provide  a  specific  outdraught  motive  force.  Whether 
this  be  by  fire  draught,  as  in  the  above  and  in  Dr.  Reid’s 
mode  at  the  former  House  of  Commons ;  or  by  steam  jet, 
as  in  Gurney’s,  or  by  fan  blast,  or  blast  cylinder;  is  immaterial 
as  respects  the  ventilation  itself,  provided  only  there  be  power 
enough.  Thus  the  writer  effectually  ventilated  the  most  crowded 
church  in  Dublin  (the  original  Bethesda  Chapel)  by  a  ring  of  gas 
lights  in  a  funnel  twelve  feet  diameter  and  thirty-six  feet  high  above 
the  ceiling ;  and  Boyle,  Low,  &  Co.’s  Bank,  in  that  city,  by  a  fan 
driven  by  a  heavy  clock  weight,  upon  the  general  plan  of  Oldham, 
as  at  the  Banks  of  England  and  Ireland. 

When  certainty  of  a  never-failing  measured  amount  of  ventilation 
is  the  primary  object — as  in  coal  mines,  and  as  in  the  Hospital  for 
Consumption,  arranged  by  Dr.  Arnott — mechanical  means  are  best, 
and  in  all  cases  are  cheapest  in  fuel,  per  cubic  foot  of  air  moved. 
For  clearing  the  air  out  of  sewers,  the  fire-shaft  is  best,  as  oxidizing 
the  foul  gases  in  their  passage  through  the  ordeal.  Heating,  to  be 
well  done,  by  any  other  means  than  the  radiation  of  the  open  fire — 
i.e.,  by  stoves,  steam,  hot-water  pipes,  small  or  large,  hypocaust  or 
coccles,  or  whatever  else,  demands  that  four  grand  canons  be  obeyed : 
—  1.  The  air  must  not  be  delivered  into  the  place  to  be  warmed  at 
more  than  a  moderate  temperature,  or  it  will  not  mix  without  draughts 
with  the  air  already  therein.  2.  The  air  must  not  be  robbed  of  its 
normal  supply  of  moisture  in  being  heated,  or  it  will  dry  skin  and 
lungs,  and  produce  discomfort  and  disease.  3.  No  part  of  the  sur¬ 
faces  distributive  of  heat  must  be  at  such  a  temperature  as  to  char 
or  decompose  the  particles  of  organic  matter  always  floating  in  the 
air,  or  “  burnt  smells  ”  are  produced.  This  is  the  vice  of  Perkins’ 
high  pressure  water  tubes,  and  more  or  less  of  every  sort  of  stove ; 
least  so  of  the  German  and  Russian  pottery  stoves — a  branch  of 
manufacture  utterly  unknown  in  this  country,  and  which  we  com¬ 
mend  to  the  attention  of  our  Mintons  and  Wedgwoods.  4.  The 
warmth  introduced  should  be  provided  for  by  the  ventilation ,  not 
the  ventilation  by  the  warmth;  both  must  be  steady,  not,  as  in  the 
“  hot  water  boilers,”  with  the  greatest  possible  heating  surface  and 
least  possible  quantity  of  water,  for  greenhouses,  &c.,  obtained  by 
almost  inconceivable  complications  of  form,  as  advertised  every¬ 
where,  and  whose  grand  result  is — quickly  hot ,  and  quickly  cold. 
And  lastly,  dust  must  not  be  drawn  or  passed  in,  with  the  warmed 
air. 
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3.-WATER  SUPPLY. 

By  J.  F.  Bateman,  Esq.,  F.R.S.,  Member  of  the  Institute  of 
Civil  Engineers. 

N  writing  upon  “  Water  Supply  and 
Hydraulic  Apparatus,”  there  is 
little  within  the  building  itself 
to  indicate  the  present  position 
of  our  knowledge,  or  to  mark 
the  progress  which  has  been 
made  since  the  Exhibition  of 
1851.  The  large  centrifugal 
pumps,  which  excited  so  much 
attention  in  the  former  Exhibi¬ 
tion,  are  again  introduced  on 
a  magnificent  scale,  to  the 
astonishment  of  the  multitude, 
together  with  some  beautiful 
modifications  of  the  same  princi¬ 
ple,  amongst  which  may  specially  be  mentioned  the  centrifugal  pump, 
with  exterior  whirlpool,  of  Professor  James  Thomson,  manufactured 
by  Messrs.  Williamson  Brothers  of  Kendal.  Meters  for  measuring 
the  delivery  of  water  are  exhibited  in  great  number  and  variety,  and 
as  they  have  become  generally  introduced  during  the  last  ten  years, 
and  occupy  a  very  useful  and  important  place  in  the  distribution  of 
water,  they  deserve  a  special  notice.  Samples  of  large  cast-iron 
pipes  which  have  been  employed  in  the  construction  of  recent  water¬ 
works,  bituminized  paper  pipes,  and  several  modes  of  jointing,  claim 
attention ;  and  not  less  so  the  beautiful  hydraulic  cranes  and  the 
other  ingenious  hydraulic  apparatus  of  Sir  W.  G.  Armstrong  &  Com¬ 
pany.  These  and  other  apparatus  and  contrivances  having  a  bear¬ 
ing  upon  or  connected  with  the  pumping  of  water,  and  its  distribu¬ 
tion  for  trade  and  domestic  purposes,  are  to  be  found  pretty  fully 
and  fairly  exhibited;  but  there  is  nothing  from  which  a  stranger 
could  form  any  notion  of  the  present  position  of  the  very  important 
question  of  water  supply. 

It  may  not,  therefore,  be  uninteresting  nor  uninstructive,  before 
referring  to  anything  which  the  Exhibition  itself  contains,  to  take  a 
rapid  glance  at  the  experience  which  has  been  gained  during  the  last 
eleven  years  from  the  construction  of  some  of  the  waterworks  which 
have  been  made  in  this  country  during  that  period,  and  which  are 
amongst  the  largest  and  most  important  which  have  ever  been 
executed.  The  supply  of  water  to  this  great  metropolis  has  been 
doubled,  at  an  expenditure  to  the  existing  companies  of  nearly 
£3,000,000.  The  Manchester  Waterworks,  which  were  in  progress 
in  1851,  have  been  completed,  or  nearly  so,  at  a  cost  for  their 
new  supply  from  Longdendale,  of  nearly  £1,000,000;  the  corpora¬ 
tion  of  Liverpool  have  expended  a  like  sum  in  obtaining  a  supply  by 
gravitation  from  the  hills  near  Rivington  Pike  ;  Glasgow,  the  same 
amount  in  obtaining  an  ample  supply  of  exquisitely  pure  and 
beautiful  water  from  Loch  Katrine;  and  new  works  or  very  large 
extension  have  been  carried  out  at  Bradford,  Halifax,  Leeds, 
Wolverhampton,  Newcastle-on-Tyne,  Edinburgh,  Sheffield,  Sun¬ 
derland,  Stockton-on-Tees,  and  many  other  places  of  smaller 
note.  The  additional  supplies  to  London,  to  Leeds,  to  Wolver¬ 
hampton,  to  Sunderland,  and  to  Stockton-on-Tees,  amongst  the 
places  named,  are  obtained  by  pumping  from  deep  wells  or  from 
rivers,  and  present  no  new  features  of  engineering  arrangements  or 
interest. 

The  cost  incurred  by  the  London  companies  has  not  been  merely 
for  the  purpose  of  obtaining  additional  supplies,  but  in  great 
part  for  obtaining  them  from  higher  parts  of  the  rivers  from  which 
they  drew  the  water,  where  it  would  naturally  be  purer — for  filtra¬ 


tion — for  covered  reservoirs,  and  other  works  for  giving  an  improved 
and  more  satisfactory  supply  of  water.  From  reports  addressed  to 
the  Right  Hon.  William  Cowper,  President  of  the  General  Board  of 
Health,  on  the  metropolis  water  supply  in  1856,  it  seems  that  the 
total  cost  up  to  that  time  had  been  not  less  than  £7,102,823,  that 
the  aggregate  nominal  steam-power  employed  was  7254  horses,  and 
the  daily  quantity  of  water  pumped  was  81,025,842  gallons  on  the 
average  of  the  year.  The  filter  beds  covered  an  area  of  upwards  of 
40  acres,  and  the  main  and  branch  pipes  for  bringing  and  dis¬ 
tributing  the  water  formed  a  total  length  of  2086  miles.  One 
remarkable  fact  exhibited  by  this  report  was,  that  between  the 
years  1850  and  1856  the  gross  supply  of  water  had  been  nearly 
doubled,  and  the  consumption  per  house  had  increased  from  164 
gallons  to  246  gallons  per  day.  This  great  increase  in  individual 
consumption  is  a  noticeable  fact  in  many  other  waterworks,  and  is 
one  deserving  of  great  attention  on  the  part  both  of  those  who  pro¬ 
vide  the  water  and  of  those  who  consume  it.  The  result  of  the 
great  outlay  which  has  been  incurred  by  the  London  water  com¬ 
panies  is  not  only  an  increased  quantity,  but  a  material  improve¬ 
ment  in  the  quality  of  the  water  supplied.  It  is  still  undesirable 
water  on  many  accounts,  and  especially  for  detergent  purposes,  in 
consequence  of  the  hardness  which  it  derives  from  the  geological 
formations  from  which  it  issues  or  over  which  it  flows;  but  the 
removal  of  the  works  for  obtaining  water  to  places  where  the  water 
is  less  contaminated  by  sewage  and  other  pollutions,  and  more 
careful  filtration,  have  enabled  the  companies  to  separate  the  objec¬ 
tionable  organic  matter  with  which  it  was  previously  loaded,  and  to 
deliver  a  clear  and  wholesome  water,  in  as  pure  a  condition  as  its 
natural  quality  will  permit. 

In  waterworks  generally  many  important  improvements  have  been 
introduced,  which  are  applicable  to  all  systems  of  supply ;  but  it  is  in 
gravitation  works  especially  that  the  last  eleven  years  have  ripened 
our  experience  and  added  to  the  accumulation  of  our  knowledge. 
Extended  observations  on  a  large  scale  upon  the  fall  of  rain,  the 
produce  of  springs,  the  volume  of  floods,  the  available  quantity  ot 
water  flowing  from  the  ground,  and  the  length  of  droughts,  have 
enabled  us  to  collect  a  vast  number  of  valuable  facts,  from  which  we 
can  correct  previous  assumptions,  and  lay  out  works  with  greater 
certainty  as  to  probable  results.  In  a  populous  country  like  England, 
where  all  the  main  streams  are  necessarily  polluted  and  rendered 
unfit  for  domestic  use,  recourse  must  be  had  for  town  supplies  to 
springs.  If  they  can  be  found  to  be  of  sufficient  volume — to  flood 
waters  from  hilly  districts,  which  may  be  collected  in  reservoirs — or  to 
the  water  which  is  contained  in  the  absorbent  measures  beneath  our 
feet,  such  as  the  sands  and  gravels,  the  chalk,  and  the  softer  sand¬ 
stones.  In  the  latter  case  it  is  simply  a  question  of  well-sinking, 
which  may  be  more  or  less  successful  in  the  quantity  of  water  which 
may  be  produced.  In  many  parts  of  the  country,  as,  for  instance, 
the  east  coast  of  England  and  other  flat  districts,  such  sources 
form  almost  the  only  means  of  supply.  It  is  estimated  that  8,000,000 
or  10,000,000  gallons  of  water  per  day  are  thus  obtained  in  the  city  of 
London  or  its  immediate  neighbourhood,  from  the  tertiary  sands  and 
from  the  chalk  which  lies  below  the  London  clay.  Liverpool  derives 
a  large  portion  of  its  supply  from  wells  sunk  into  the  new  red  sand¬ 
stone  on  which  it  stands,  and  Birkenhead  and  many  other  towns  are 
supplied  in  a  similar  manner. 

Our  space  will  not  permit  us  to  enter  largely  into  this  subject, 
but  a  few  facts  will  show  the  importance  of  accurate  information 
and  careful  consideration  in  all  works  for  the  supply  of  water  upon 
which  town  populations  must  depend.  Extensive  observations 
show  that  the  rain  in  England  varies  from  15  or  18  inches  on  the 
east  coast,  to  36  or  40  inches  on  the  west  coast,  while  that  which 
falls  on  the  intervening  high  lands  varies  from  about  35  to  150 
inches.  Droughts,  for  which  provision  must  be  made,  vary  in 
extreme  length,  from  probably  120  days  on  the  west  coast  of  the 
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backbone  of  England,  to  240  days  on  the  east  side  ;  while  the  water 
which  can  be  collected  from  one  district  will  not  exceed  6  or  8 
inches  in  depth  in  the  same  year,  that  from  another  30  or  40  inches 
may  be  safely  calculated  upon,  without  alluding  to  these  exceptional 
cases,  such  as  the  Westmoreland  and  Cumberland  hills,  or  the 
Grampians  in  Scotland,  where  such  tropical  falls  of  rain  as  from 
100  to  150  inches  annually  occur. 

The  Manchester  Waterworks  may  be  referred  to  as  an  example  of 
works  on  a  large  scale,  where  all  the  water  had  to  be  collected  in 
artificial  reservoirs,  and  where  the  circumstances  of  the  country 
called  for  the  introduction  of  many  novel  and  special  arrangements. 
The  works  are  situated  on  the  river  Etherow,  in  the  valley  of  Long- 
dendale,  half-way  between  Manchester  and  Sheffield,  and  from  13  to 
20  miles  from  Manchester.  The  water  is  derived  from  about  19,000 
acres  of  high  mountain  land  of  the  millstone  grit  formation,  which 
yields  water  of  great  purity  and  softness,  but  which  in  heavy  rain 
and  certain  seasons  of  the  year  is  deeply  tinged  or  coloured  by  the 
peat  which  forms  the  caps  of  the  hills  from  which  the  water  flows. 
The  average  rain  is  about  50  inches  per  annum,  and  the  water 
which  flows  from  the  ground,  and  is  capable  of  being  stored  or  con¬ 
veyed  away,  is  about  36  inches.  The  principal  store  reservoirs  are 
five  in  number,  formed  by  embankments  of  60,  70,  80,  90,  and  100 
feet  in  height,  and  contain  together  nearly  600,000,000  cubic  feet 
of  water.  This  storage  is  not  sufficient  for  all  the  water  which 
flows  off  the  ground,  and  much  consequently  passes  to  waste.  The 
spring  water  is  abundant  and  of  the  purest  possible  quality ;  and 
altogether  the  works,  when  completed,  will  be  capable  of  supplying 
about  25,000,000  gallons  of  water  per  day  to  Manchester  and  its 
neighbourhood,  and  about  15,000,000  gallons  per  day  to  the  river 
on  which  the  works  are  situated,  as  compensation  for  the  right  to 
abstract  the  remainder. 

The  pure  spring  water  and  the  uncoloured  water  of  the  streams 
are  separated  from  the  turbid  and  coloured  water,  and  either  con¬ 
veyed  direct  to  Manchester  by  special  conduits,  or  stored  in  reser¬ 
voirs  which  are  set  apart  for  the  storage  of  pure  water,  when  there 
is  more  than  enough  for  the  supply  of  the  city.  The  turbid  water 
is  allowed  to  flow  to  other  reservoirs,  where  it  either  bleaches  and 
settles  for  subsequent  use,  or  is  employed  in  affording  the  required 
compensation  water  to  the  mills  on  the  stream.  The  separation  of 
the  pure  water  from  the  turbid  water  is  effected  by  very  simple 
means.  In  the  ordinary  state  of  the  streams  at  all  seasons,  the 
water,  which  is  then  the  produce  of  springs,  is  perfectly  clear 
and  colourless.  As  soon  as  it  rains  the  streams  are  swollen  and 
turbid.  Taking  advantage  of  these  circumstances,  the  separation 
is  effected  as  follows  : — A  weir  is  erected  across  a  stream,  beneath 
the  top  of  which  is  carried  a  conduit,  having  a  narrow  open  slot  or 
aperture  in  front  of  and  below  the  down-stream  edge  of  the  weir. 
When  the  stream  is  small,  and  consequently  pure  and  colourless,  it 
flows  over  the  weir  in  a  thin  sheet,  and  drops  through  the  slot  or 
aperture  into  the  conduit  beneath,  by  which  it  is  conveyed  away 
either  to  a  pure-water  reservoir,  or  to  the  city  of  Manchester. 
When  the  stream  is  swollen,  and  is  no  longer  in  a  fit  condition  for 
the  supply  of  the  city,  it  flows  over  the  weir  in  a  large  volume,  and 
with  sufficient  velocity  to  leap  over  the  aperture  without  falling 
in,  and  so  passes  down  the  apron  of  the  weir  into  the  ordinary 
channel  of  the  brook  and  to  the  turbid-water  reservoirs. 

In  this  way  filtration  is  rendered  unnecessary.  The  pure 
spring  water  is  conveyed  for  the  most  part  in  covered  channels  to 
service  reservoirs  near  Manchester,  which  are  20  feet  deep,  and 
lined  throughout  with  brick.  Owing  to  the  great  depth  of  these 
reservoirs,  which  are  always  full,  vegetation  never  takes  place,  but 
the  water  is  nevertheless  strained  through  fine  copper  wire-gauze, 
fixed  in  cast-iron  frames,  before  it  is  admitted  to  the  pipes  which 
convey  it  to  the  town. 

When  these  works  were  designed,  they  were  the  largest  works  of 


the  kind  which  had  been  constructed  in  this  country,  and  in  some 
respects  the  largest  which  had  ever  been  constructed  anywhere ; 
much,  therefore,  had  to  be  specially  considered,  and  nothing  more 
so  than  the  best  form  of  large  valves,  and  the  easiest  mode  of  open¬ 
ing  them  under  great  pressure.  There  was  little  which  then  existed 
which  could  be  advantageously  imitated.  Everything  had  to  be 
designed  anew,  with  special  reference  to  the  work  or  duty  to  be 
performed.  In  order  to  obtain  the  best  mechanical  contrivance  or 
the  best  form  of  everything,  the  corporation  solicited  public  com¬ 
petition,  upon  a  clear  description  of  what  was  required,  and  a  short 
specification  of  certain  conditions  which  had  to  be  met  or  conformed 
to.  It  was  laid  down  as  a  principle,  that  no  matter  what  the  size  of 
the  valve,  or  what  the  pressure  under  which  it  had  to  be  worked,  it 
should  be  so  contrived  that  it  should  be  easily  opened  and  shut  by 
one  man.  No  large  valve  then  existing  met  this  condition  ;  and  it 
frequently  happened  that  a  valve  of  no  greater  diameter  than  24 
inches,  if  it  had  to  be  worked  under  any  considerable  pressure, 
required  the  combined  power  of  half  a  dozen  men.  This  require¬ 
ment  was  met  in  the  valves  constructed  for  the  Manchester 
Waterworks,  and  in  those  subsequently  made  for  Glasgow  and 
other  places,  by  dividing  the  valve  into  two,  and  in  some  cases 
three  divisions  or  compartments,  one  of  them  being  reduced  to  such 
a  size  as  would  be  equivalent  to  a  small  valve  which  could  easily  be 
opened  by  one  man.  This  smaller  division  is  first  opened,  and 
when  open,  the  pressure  behind  the  larger  one  is  to  a  great  extent 
absorbed  or  destroyed  by  the  friction  of  the  water  flowing  through 
the  pipe,  and  reduced  to  a  pressure  equal  to  the  head  (never  more 
than  a  few  feet)  required  to  pass  the  whole  quantity  through  an 
aperture  of  the  size  of  the  small  opening ;  or  if  the  pipe  merely 
requires  filling,  the  pressure  will,  as  soon  as  the  pipe  is  filled,  be 
the  same  on  both  sides  of  the  large  valve.  In  either  case  the  large 
valve  can  then  be  opened  by  one  man. 

Another  point  of  much  importance  was  the  adoption  of  means 
by  which  the  water  could  be  immediately  shut  off  in  case  of  the 
bursting  of  a  large  main.  This  was  accomplished  by  arrangements 
suggested  by  Mr.  Armstrong,  now  Sir  W.  G.  Armstrong,  which 
perfectly  answered  the  purpose.  They  were  denominated  “  self¬ 
acting  closing  valves,”  and  were  brought  into  action  on  several 
occasions,  when  they  proved  most  efficacious  in  arresting  the  escape 
of  water,  and  in  preventing  serious  damage  to  houses  and  property. 
The  valve  is  of  the  character  of  a  large  “  throttle  valve.”  It  is 
so  arranged  and  adjusted,  that  with  the  ordinary  or  any  fixed  velocity 
of  water  in  the  pipe,  it  remains  immovable  in  a  horizontal  position 
without  obstructing  the  flow  of  the  water.  This  is  effected  by  a 
disc  suspended  as  a  pendulum  in  the  pipe  and  across  the  current. 
The  disc  is  retained  in  its  position  by  counter-weights  upon  a  lever 
or  steel-yard  adjusted  to  a  given  velocity.  Should  the  velocity 
increase,  by  burst  or  otherwise,  beyond  the  speed  to  which  the 
machine  may  be  adjusted,  the  disc  gives  way  to  the  increased  pres¬ 
sure,  when  the  catches  by  which  the  valve  is  maintained  in  a  hori¬ 
zontal  position  are  disengaged,  and  the  valve  slowly  closes,  preventing 
the  further  flow  of  water.  Simple  mechanical  arrangements  are 
introduced  for  preventing  the  too  rapid  closing  of  the  valve,  and  for 
opening  it  and  readjusting  it  when  no  longer  required  to  be  closed. 
The  great  value  of  these  valves  is  in  the  early  stage  of  the  works, 
when  the  pipes  are  first  filled  and  subjected  to  the  pressure  they  will 
ultimately  have  to  sustain ;  but  they  should  always  be  kept  in  working 
order,  as  bursts  occasionally  occur  after  years  of  work,  without  any¬ 
thing  to  account  for  them.  In  Manchester  some  of  the  valves 
are  discontinued,  but  others  in  suitable  situations  are  kept  in  con¬ 
stant  adjustment,  and  are  made  to  communicate  by  bell-work  with 
an  alarum  in  the  waterman’s  house,  so  that,  in  the  event  of  a  burst 
and  the  valve  closing,  he  is  instantly  aroused  and  apprised  of  the 
accident. 

Similar  valves,  with  such  modifications  and  improvements  as 
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experience  had  suggested,  were  fixed  on  the  two  36 -inch  main  pipes 
of  the  Glasgow  Waterworks,  which  convc^td  the  water  from  the 
Mugdock  Service  Reservoir  to  the  city.  A  few  bursts  occurred 
upon  these  pipes  when  first  filled  with  water,  and  on  each  occa¬ 
sion  the  self-acting  valves  were  brought  into  action,  and  mate¬ 
rially  reduced  the  injury  which  would  otherwise  have  been 
sustained. 

It  was  necessary  also  to  guard  against  the  mischief  to  be  appre¬ 
hended  from  the  momentum  caused  by  the  stopping  of  a  large 
column  of  water  many  miles  in  length,  and  flowing  at  a  speed  of 
several  feet  in  a  second  whenever  a  large  valve  was  closed.  This 
difficulty  was  met  to  some  extent  by  making  the  valve  close  slowly, 
and  so  gradually  reducing  the  velocity  of  the  column,  but  this  could 
not  be  done  to  a  sufficient  extent  to  prevent  evil  consequences.  This 
led  to  the  introduction  of  what  are  called  “  momentum  valves,” 
which  are  constructed  on  the  principle  of  the  equilibrium  or  “  double 
beat”  Cornish  valves,  so  adjusted  and  weighted  as  to  open  by  the 
increased  pressure  created  by  the  momentum,  and  thus  allow  a 
momentary  escape  of  water  whenever  a  large  valve  is  closed — 
momentary  because  the  momentum  exhibits  itself  by  a  series  of 
pulsations,  which  gradually  die  away  as  the  motion  of  the  column 
of  water  becomes  arrested.  At  each  pulsation  the  valve  opens  and 
allows  the  force  to  expend  itself  by  discharging  water  instead  of 
breaking  the  pipe,  until  the  momentum  is  so  reduced  that  no  danger 
is  incurred.  These  momentum  valves  are  placed  behind  all  the  large 
stop  valves  and  self-acting  closing  valves,  and  are  furnished  with 
splash-hoods  and  other  arrangements  for  carrying  off  the  water  dis¬ 
charged. 

Self-acting  valves,  called  “  reflux  valves,”  are  placed  upon  the 
large  pipes  at  the  foot  of  all  hills  which  rise  in  the  direction  in 
which  the  water  flows,  to  prevent  the  water  flowing  back  again  in 
the  event  of  a  pipe  being  emptied  on  the  reservoir  side  of  such  a 
valve,  or  of  an  occasional  burst.  They  open  with  the  current  of 
the  water,  in  the  direction  in  which  it  ordinarily  flows,  and  close  if 
the  current  is  changed  into  a  contrary  direction.  This  is  a  common 
arrangement,  and  needs  no  special  description. 

A  very  important  point  in  arranging  piping  on  a  large  scale  is  the 
provision  of  ample  means  for  the  rapid  escape  of  the  air  from  the 
pipes  during  the  time  they  are  being  filled  with  water,  and  for  the 
subsequent  discharge  of  that  which  escapes  from  the  water  in  its 
passage  through  the  pipes,  and  accumulates  in  the  upper  part  of  the 
bends  which  are  formed  by  the  inequalities  of  the  ground.  Both  of 
these  operations,  to  be  effectual,  should  be  spontaneous  or  self-acting. 
The  first,  that  of  allowing  the  free  escape  of  air  during  the  filling  of  a 
pipe,  is  accomplished  by  means  of  Bateman  &  Moore’s  fire-cock, 
hereafter  alluded  to,  and  this  is  the  only  contrivance  that  has 
ever  been  suggested  which  answers  the  purpose.  The  second, 
that  of  securing  the  discharge  of  air  which  is  disengaged  from 
the  water  as  it  passes  through  the  pipes,  and  which,  if  per¬ 
mitted,  would  accumulate  in  the  bends  under  pressure  and 
diminish  the  flow  of  the  water,  is  accomplished  by  a  modification  of 
the  same  principle.  The  gutta  percha  ball  which  forms  the  valve 
is  made  so  large,  as  compared  with  the  small  opening  through  which 
the  air  has  to  escape,  and  is  of  such  density  or  weight,  that  while  it 
rises  with  water  under  pressure  and  closes  the  opening,  it  falls  when¬ 
ever  air  accumulates  under  the  same  pressure,  and  so  allows  the  air 
to  escape,  when  it  again  rises,  closes  the  opening,  and  prevents  the 
flow  of  water. 

In  Manchester  also  was  first  introduced  on  an  extensive  scale  the 
fire-cock  manufactured  by  Messrs.  Guest  &  Chrimes,  of  Rotherham, 
known  as  “  Bateman  &  Moore’s  Patent,”  which  has  been  almost 
universally  used  in  all  waterworks  that  have  been  constructed  since 
that  time.  This  fire-cock  was  introduced  as  a  substitute  for  the  old 
clumsy  contrivance  of  a  wooden  plug.  It  consists  of  a  gutta  percha 
ball  placed  within  a  hollow  globular  casing,  which  forms  an  upright 


branch  from  the  street  pipe,  with  an  outlet  at  the  top,  which 
is  closed  by  the  ball  under  the  pressure  of  the  water  in  the  pipe. 
A  movable  cap  to  prevent  the  entrance  of  dirt  is  fitted  in  the 
outlet,  and  the  whole  is  covered  by  a  street  casing.  When  required 
to  be  used,  the  cover  of  the  street  casing  and  the  cap  are  removed, 
and  a  hollow  stand-pipe  is  introduced  and  attached  to  the  outlet. 
A  spindle  with  a  crutch  handle  and  screw  at  the  top,  and  a  cup  to 
fit  the  top  of  the  gutta  percha  ball  at  the  bottom,  passes  through 
the  stand-pipe,  by  which  means  the  ball  is  depressed,  allowing  the 
water  to  escape  and  pass  through  the  stand-pipe  into  fire-hose  at¬ 
tached  at  the  other  end.  By  this  means  easy  and  almost  instantane¬ 
ous  communication  is  opened  between  the  fire-hose  and  the  water  in 
the  pipe,  and  fire-engines  are  rendered  unnecessary  wherever  the 
pressure  in  the  pipe  is  sufficient  to  throw  the  water  to  the  required 
height.  In  Manchester  the  water  can  be  thrown,  according  to  the 
elevation  of  the  ground,  from  40  to  90  feet  above  the  level  of  the 
street,  without  the  aid  of  fire-engines ;  and  in  other  towns  where 
the  pressure  is  greater,  a  still  higher  altitude  may  be  attained. 
The  piping  in  the  centre  of  the  city,  where  the  property  is  valu¬ 
able,  is  laid  down  with  special  reference  to  the  extinction  of  fire, 
and  there  is  no  block  of  building  that  is  not  commanded  by  ten  or 
twelve  fire-cocks  within  a  hundred  yards,  the  arrangements  being 
such  that  the  pipes  on  which  the  fire-cocks  are  placed  derive  their 
supplies  from  several  distinct  mains,  and  are  interlaced  in  such  a 
manner,  that  should  an  accident  happen  to  one  main  it  would  make 
little  difference  to  the  distribution  of  water. 

The  Loch  Katrine  aqueduct  for  the  supply  of  Glasgow  with  water 
is  a  still  larger  work  than  that  of  Manchester.  The  undertaking  is 
specially  distinguished  by  the  great  extent  and  beauty  of  the  High¬ 
land  lakes  from  which  the  water  is  brought— the  excessive  purity 
of  the  water — the  difficult  and  rugged  character  of  the  mountainous 
country  through  which  the  works  for  its  conveyance  have  been  con¬ 
structed,  and  the  large  volume  of  water,  no  less  than  50,000,000 
gallons  per  day,  which  will  be  obtained  for  the  supply  of  the  city. 
The  lakes  appropriated  to  the  purposes  of  the  waterworks  for  the 
use  of  the  city,  and  for  the  supply  of  the  millowners,  fisheries,  and 
other  interests  on  the  rivers  from  which  the  water  will  be  abstracted, 
are  Loch  Katrine,  8  or  9  miles  in  length,  with  a  surface  of  3000 
acres  ;  Loch  Drunkie,  with  an  area  of  about  150  acres  ;  and  Loch 
Veneehar,  4  miles  in  length,  with  an  area  of  900  acres — having 
altogether  a  water  surface  of  upwards  of  4000  acres,  and  containing 
within  the  limits  to  which  they  may  be  raised  or  lowered,  about 
1,600,000,000  cubic  feet  of  water.  The  drainage  area  of  Loch 
Katrine  is  22,800  acres,  and  of  Loch  Veneehar  and  Loch  Drunkie 
23,000  acres — making  a  total  of  45,800  acres.  On  this  the  average 
fall  of  rain  is  between  70  and  80  inches  per  annum.  That  which 
falls  on  the  collecting  ground  of  Loch  Katrine  is  about  80  inches 
on  the  average  of  eight  years’  observations.  If  all  the  water  which 
flows  from  the  rugged  mountain  sides  into  Loch  Katrine  were  im¬ 
pounded,  it  would  afford  a  regular  daily  supply  of  80,000,000  or 
90,000,000  gallons.  The  storage  which  is  provided  by  the  works  which 
have  been  executed  is  equal  to  50,000,000  gallons  per  day  as  a  supply 
to  the  cityfor  120  days  without  rain.  It  is  obtained  by  raising  the  water 
by  proper  masonry  and  sluice  gates  at  the  outlet  4  feet  above  the 
ordinary  summer  level,  and  by  drawing  it  down,  if  necessary,  to 
3  feet  below  that  level,  giving  7  feet  in  depth  in  all.  In  like  man¬ 
ner  the  requisite  storage  for  compensation  to  the  river  Teith,  which 
consists  of  a  regular  guaranteed  quantity  per  day,  is  obtained  by 
raising  Loch  Veneehar  5  feet  8  inches  above  its  ordinary  summer 
level,  and  drawing  it  down  6  feet,  giving  1 1  feet  8  inches  in  all, 
and  by  raising  Loch  Drunkie  20  feet.  The  works  at  the  outlets  of 
the  lakes  are  interesting  and  important  works.  Provision  is  made 
for  the  discharge  of  floods,  as  well  as  for  the  daily  regulated  supply, 
and  for  securing  the  passage  of  salmon  and  other  fish  by  properly 
constructed  “  salmon  ladders.”  Loch  Katrine  is  360  feet  above  the 
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tide  at  Glasgow,  an  elevation  which  allows  for  the  loss  of  fall  in  the 
conveyance  of  the  water,  and  still  secures  a  pressure  of  70  or  80 
feet  above  the  highest  summit  of  land  within  the  city. 

The  aqueduct  from  Loch  Katrine  to  the  city  is  about  34  miles  in 
length,  10  or  11  of  which  consist  of  ridges  of  rock  of  the  hardest 
description,  forming  the  spurs  of  Ben  Lomond,  which  towers  to 
3000  feet  above  the  level  of  the  works.  Through  these  ridges,  in  a 
tolerably  straight  direction,  the  aqueduct  is  carried  principally  by 
tunnelling,  the  tunnels  being  8  feet  in  diameter,  and  having  a  fall 
of  10  inches  in  the  mile.  Across  three  deep  and  wide  valleys  the 
water  is  conveyed  by  cast-iron  pipes  4  feet  in  diameter,  with  a  fall 
of  5  feet  per  mile,  and  at  the  distance  of  about  26  miles  from  Loch 
Katrine,  near  Mugdock  Castle,  a  large  reservoir,  of  about  70  acres 
in  extent,  and  containing  500,000,000  gallons  of  water,  has  been 
constructed.  From  this  reservoir,  the  top  water  of  which  is  311 
feet  above  the  sea,  the  water  is  taken  to  the  city  by  two  lines  of 
cast-iron  pipes,  each  3  feet  in  diameter,  one  being  about  7,  and  the 
other  8  miles  in  length.  Of  the  26  miles  which  lie  between  Loch 
Katrine  and  the  service  reservoir,  13  miles  are  tunnelling,  3f  miles 
are  iron  piping,  and  the  remainder,  where  the  ground  has  been  cut 
open,  is  an  arched  aqueduct  of  8  feet  diameter,  having  the  same 
inclination  as  the  tunnels.  Where  the  ground  has  been  excavated, 
it  is  filled  in  again  over  the  aqueduct,  which  is  covered  throughout, 
and  the  surface  restored  to  its  original  condition.  There  are  in  the 
whole  work  80  distinct  tunnels,  upon  which  44  vertical  shafts  have 
been  sunk  for  facilitating  and  expediting  the  completion  of  the 
work  of  the  tunnels.  Some  are  between  2000  and  3000  yards  in 
length,  and  from  250  to  600  feet  below  the  summit  of  the  hills  under 
which  they  pass. 

In  the  casting  of  large  cast-iron  pipes  great  improvement  has 
been  made,  and  a  beautiful  sample  of  one  of  the  4-feet  pipes  used 
for  the  Glasgow  Waterworks  is  exhibited  by  Messrs.  Edington  & 
Company,  of  the  Phoenix  Ironworks,  Glasgow.  It  is  cast  vertically 
with  the  socket  downwards,  a  mode  of  casting  which  was  first 
adopted  in  the  Manchester  Waterworks,  by  Messrs.  Cochrane  of  the 
Woodside  Ironworks,  near  Dudley.  Pipes  were  formerly  cast  upon 
their  sides,  and  were  then  liable  to  the  defect  of  unequal  thickness. 
This  was  corrected  by  their  being  cast  vertically,  a  system  which  has 
generally  obtained  for  the  last  twenty  years ;  but  until  the  construc¬ 
tion  of  the  Manchester  Waterworks  in  1850,  the  pipes,  though  cast 
vertically,  were  cast  with  their  sockets  upwards  and  their  spigots 
downwards.  In  this  way  the  spigot  or  small  end  of  the  pipe  became 
the  strongest,  while  the  socket,  which  ought  to  be  the  strongest  and 
densest,  as  it  has  to  contain  the  spigot  and  to  resist  the  splitting 
action  of  the  caulking  of  the  joint,  was  always  composed  of  the  worst 
and  weakest  metal  in  the  pipe.  It  was  a  great  improvement,  there¬ 
fore,  to  get  them  cast  with  their  sockets  downwards.  Nearly  all 
large  pipes  are  now  made  upon  this  principle,  and  many  makers 
have  also  extended  the  ordinary  length  of  their  pipes  from  9  to  12 
feet.  This  reduces  the  number  of  joints,  and  cheapens  and  expe¬ 
dites  the  laying ;  but  this  increased  length  should  be  confined  to 
large  pipes.  Pipes  of  12  feet  in  length,  cast  vertically  with  their 
sockets  downwards,  are  exhibited  by  Messrs.  D.  Y.  Stewart  &  Com¬ 
pany,  St.  Rollox  Foundry,  Glasgow. 

There  are  several  examples  in  the  Exhibition  of  bituminized  paper 
pipes,  which  appear  likely  in  many  cases  to  supersede  those  of  cast- 
iron.  They  are  lighter  and  cheaper,  they  are  easily  laid  and  jointed, 
impart  no  taste  to  the  water,  and  will  not  corrode.  They  are  only 
about  two-thirds  the  price  of  iron;  and  though  there  has  not  yet  been 
time  for  sufficient  experience,  they  will  probably  be  durable,  and  are 
certainly  capable  of  bearing  great  pressure.  For  the  small  pipes  of 
many  waterworks,  and  for  all  private  supplies,  they  will  in  all  pro¬ 
bability  be  found  very  suitable.  The  chief  exhibiters  of  this  kind 
of  pipe  are  the  Patent  Bituminized  Pipe  Company;  M.  Jaloureau, 
Paris ;  and  MM.  Schroder  &  Schmerbauch.  The  mode  in  which 


these  pipes  are  united  is  simple  and  effective.  Two  plain  ends  are 
brought  together,  a  collar  of  a  few  inches  in  length  is  drawn 
over  the  joint,  having  a  space  of  about  §  inch  between  the  inside 
of  the  collar  and  the  outside  of  the  pipe,  and  this  space  is  filled 
with  melted  bituminous  cement,  which  when  cold  is  as  hard 
and  impervious  as  the  body  of  the  pipe,  and  makes  a  perfectly 
watertight  joint.  The  ferrules  to  which  the  service-pipes  are 
attached  are  easily  and  securely  screwed  through  these  joints  into 
the  pipe. 

Not  the  least  improvement  which  has  been  effected  during  the 
last  twelve  years,  in  cases  where  very  pure  and  soft  water  is  supplied, 
has  been  the  coating  of  the  pipes  by  coal  pitch,  according  to  the 
process  of  Dr.  R.  A.  Smith.  This  coating  consists  of  melted  coal 
pitch  and  oil,  the  coal  pitch  being  the  residuum  of  coal  tar  after  the 
naphtha  and  all  other  acid  products  have  been  distilled  from  it.  The 
mixture  is  heated  to  about  300°  temperature  in  a  vertical  caldron, 
and  the  pipe,  previously  heated  to  the  same  temperature  and  per¬ 
fectly  free  from  rust,  is  immersed  over  head,  and  allowed  to  remain 
a  few  minutes.  When  drawn  out  it  is  coated  with  a  thin  black 
varnish,  which  has  to  some  extent  been  burned  into  the  pores  of  the 
iron,  and  which  is  insoluble  in  water  and  perfectly  tasteless.  This 
process  was  first  introduced  in  the  Manchester  Waterworks  in  1849, 
and  where  the  pipes  have  been  properly  coated  they  are  now  found, 
after  twelve  or  thirteen  years'  use,  to  be  in  many  cases  as  fresh  as 
the  day  they  were  laid  down.  All  corrosion,  which  in  the  case  of  soft 
water  used  to  be  very  great,  is  entirely  prevented.  The  same  pro¬ 
cess  has  been  adopted  in  Glasgow,  and  in  most  other  cases  of  soft 
water  suppty,  with  the  most  complete  success. 

Since  1851  much  has  been  done  in  producing  an  efficient  water- 
meter  for  accurately  computing  the  quantity  of  water  passing  through 
pipes  ;  indeed,  their  general  introduction  into  waterworks  may  be 
said  to  have  taken  place  within  that  period.  Attention  has  been 
generally  directed  to  improvements  in  what  are  called  high-pressure 
meters,  i.e.,  meters  which  will  allow  the  propagation  of  pressure  from 
one  side  to  the  other  without  material  diminution. 

Many  earnest  and  ingenious,  but  ineffectual  attempts  at  improve¬ 
ments  have  been  made  ;  but  amongst  those  which  have  been  suc¬ 
cessful,  two  meters  especially  have  received  extensive  patronage, 
and  have  been  found  on  the  whole  to  work  satisfactorily  for  all 
parties.  One  is  the  invention  of  Mr.  Kennedy,  of  Kilmarnock,  of 
which  a  description  with  illustration  appeared  in  the  Practical 
Mechanic's  Journal  of  December  1,  1855.  It  is  a  piston  meter, 
constructed  on  the  principle  of  measurement  by  capacity.  It  con¬ 
sists  of  a  single  vertical  cylinder  in  which  a  deep  piston  works,  with 
a  vulcanized  india  rubber  packing  made  to  roll  between  the  piston 
and  the  cylinder.  This  packing  allows  for  easy  motion,  and  is 
perfectly  water-tight  with  little  friction.  The  alternate  admission 
of  water  to  each  side  of  the  piston  is  managed  by  a  cock  reversed 
by  a  tumbler  weight,  and  the  stroke  of  the  piston  is  communicated 
to  the  counting  apparatus  by  means  of  a  rack  and  pinion.  The 
objectionable  blow  of  the  tumbler  on  each  reversion  of  motion  is 
ingeniously  reduced,  so  as  to  produce  little  evil  effect  in  practice. 

The  other  meter,  which  has  perhaps  enjoyed  a  still  larger  share  of 
patronage,  is  that  of  Messrs.  Siemens  &  Adamson,  Fig.  289.  it  is  a 
beautiful  adaptation  of  the  turbine  wheel  or  Barker’s  mill.  The  water 
passes  through  a  funnel  into  the  measuring  drum,  from  which  it  passes 
outwards  through  curvilinear  channels,  causing  the  drum  to  revolve 
more  or  less  rapidly  according  to  the  velocity  with  which  it  leaves 
the  orifices.  The  motion  imparted  to  the  measuring  drum  is  com¬ 
municated  to  the  counter  above,  the  reducing  wheels  being  contained 
within  a  chamber  partly  filled  with  oil,  so  as  to  insure  perfect  and  con¬ 
stant  lubrication.  The  velocity  of  the  drum,  Fig.  290,  generated  by  the 
reaction  of  the  water  as  it  leaves  the  orifices  of  the  channels,  is  regu¬ 
lated  by  drag  stays  or  vanes  attached  to  the  measuring  drum,  which 
produce  a  resistance  increasing  in  the  ratio  of  the  square  of  the 
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Fig.  292. 


velocity,  and  are  duly  proportioned,  so  as  to  cause  the  drum  to 
revolve  at  a  velocity  commensurate  with  the  quantity  of  water  passing 
Fig.  2S9. 


then  taken  out  for  examination,  and  was  found  to  be  very  little 
worn. 

Mr.  Siemens  has  still  further  improved  upon  this  very  beautiful 
invention  for  the  purpose  of  registering  large  quantities  with  the 


Siemen’s  Water  Meter — Plan. 

ance,  no  less  a  quantity  than  281,181,000  gallons  during  the 
three  years  and  ten  months  that  it  had  been  at  work.  It  was 


Siemen’s  Water  Meter- -Vertical  Section. 


smallest  possible  head  of  water  and  the  slightest  waste  in  imparting 
motion  to  the  machine.  This  arrangement  is  shown  by  Figs.  291 — 
293.  The  water  is  admitted  into  the  drum  from  below,  instead 
of  above  as  in  his  other  meter,  and  the  top  of  the  aperture  admitting 
water  to  the  drum  is  closed  by  a  cap  or 
back  valve,  to  prevent  the  return  and  back 
action  of  the  water.  When  an  ordinary 
quantity  of  water  is  passing  through,  the 
whole  of  the  drum,  its  cap  or  back  valve 
is  raised  from  its  seat,  and  revolves  with 
a  very  small  amount  of  friction.  The 
cap  rests  upon  a  seating  in  which  are  two 
or  more  small  helical  grooves,  and  when  a 
quantity  of  water  passes  into  the  meter 
too  small  in  volume  and  without  suffi¬ 
cient  pressure  to  raise  the  drum,  it 
passes  through  these  small  grooves  and  issues  against  the  inner 
surface  of  the  drum  in  the  direction  of  its  intended  motion,  and  the 
effect  of  this,  together  with  the  reaction  of  the  water  on  passing  out 
of  the  drum,  causes  the  drum  to  revolve  and  register  an  exceedingly 
small  quantity  of  water.  When  the  pressure  is  great  enough  to 
lift  the  drum  from  its  seating  the  effect  of  these  small  grooves  is 
inappreciable,  and  the  larger  quantities  are  registered  in  the  same 
manner  as  in  the  meter  first  described. 

Amongst  the  other  meters  exhibited,  which  are  deserving  of  notice, 
is  one  the  invention  of  Mr.  Duncan  of  Liverpool,  and  others  by 
the  Manchester  Water  Meter  Company,  the  inventions  of  Messrs. 
Chadwick  &  Frost.  These  are  all  piston  meters,  with  slide  valves, 
being  modifications  of  the  principle  of  the  steam-engine  ;  indeed, 
Mr.  Duncan  applies  liis  meter  as  a  water-engine  worked  by  the 
pressure  of  the  water  being  admitted  to  each  side  of  the  piston 
alternately.  The  pistons  are  packed  with  cupped  leathers,  and  the 


Fig.  293. 


Siemen’s  Water  Meter — 
Section  of  Drum. 


Siemens  &  Adamson’s  Water  Meter — Vertical  Section. 


through  it.  The  measuring  drum  is  formed  of  thin  brass,  strong 
aud  light,  mounted  upon  a  spindle  perfectly  balanced,  and  so 
arranged  as  to  have  the  minimum  of 
friction.  The  drum  rides  on  a  fixed 
stud  with  a  hard  steel  point  working 
against  a  hard  steel  plate  in  the  bottom  of 
the  spindle.  This  point  is  permanently 
lubricated  and  protected  from  the  corrod¬ 
ing  action  of  the  water  by  filling  the  small 
chamber  at  the  bottom  of  the  drum  with 
oil,  from  which  it  has  no  way  of  escape. 
These  meters,  although  small  and  their 
workmanship  almost  as  fine  as  clockwork, 
are  found  to  work  very  efficiently,  and  with 
almost  an  inappreciable  amount  of  wear. 
A  half-inch  meter  of  this  construction  which 
Siemen’s  Water  Meter—  ca me  under  the  writer’s  observation,  and 
which  was  originally  adjusted  to  indicate 
the  true  quantity  within  2  per  cent.,  was  found  correct  within 
per  cent,  after  passing  through  it,  without  let  or  hinder- 
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machines  are  all  liable  to  the  objection  of  considerable  friction  and 
wear  and  tear  of  working  parts.  The  pressure  required  to  give 
motion  to  the  machines  will  be  seriously  felt  in  cases  where  the 
total  pressure  is  small.  In  the  event  of  any  defect  which  prevents 
the  working  of  the  machinery,  the  passage  of  the  water  will  be  at 
once  stopped,  and  none  can  consequently  pass  through  without 
registration,  as  it  may  do  in  some  descriptions  of  meters.  9  his 
result,  although  it  may  be  advantageous  to  the  accuracy  of  registra¬ 
tion,  would  frequently  cause  serious  loss  and  inconvenience  in  cases 
where  it  was  absolutely  necessary  that  the  water  should  at  all 
events  pass  on,  whether  the  meter  worked  correctly  or  not.  These 
objections  refer  rather  to  the  machines  as  water  meters,  and  are 
not  applicable  to  the  same  extent,  if  they  are  considered  water- 
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engines,  for  which  they  might  be  very  usefully  employed  where 
the  pressure  in  the  pipes  is  great.  Mr.  Duncan  gets  over  the 
objectionable  shock  which  is  imparted  by  the  changes  of  the  valves 
and  the  sudden  return  of  the  piston,  by  cutting  small  arcs  or  hollows 
in  the  cross-head  links,  which  permit  the  piston  to  rest  during  the 
time  the  valves  are  moved  over  the  cap  or  cover ;  and  he  claims 
for  his  invention  simplicity,  durability,  correct  measurement,  and 
facility  of  repair ;  but  sufficient  experience  has  hardly  yet  been 
obtained  to  warrant  a  specific  opinion. 

Mr.  Dingwall  exhibits  a  meter  in  which  the  measurement  is  pro¬ 
posed  to  be  made  within  an  oscillating  elastic  bag  contained  within 
a  cast-iron  casing.  The  experience  of  somewhat  similar  inventions 
is  against  the  practical  utility  and  durability  of  such  an  arrange¬ 
ment. 

The  great  advantage  of  a  correct  water  meter  has  been  abun¬ 


dantly  proved  of  late  years  by  those  companies  who  have  introduced 
them  extensively.  There  are  cases  in  which  the  price  paid  per 
annum  for  water  was  only  £40  before  the  introduction  of  a  meter, 
where  the  water  consumed  when  actually  measured  was  ascertained 
to  exceed  £1000  in  value.  Cases  where  the  lent  paid  for  the  water 
used  did  not  exceed  one-fifth  or  one-tenth  of  its  real  value  have  been 
common.  Much  of  the  water  taken  by  these  parties  was  absolutely 
wasted,  which  was  at  once  corrected  by  the  introduction  of  the  meter. 
Nothing  requires  more  attention  than  arrangements  or  inventions 
for  the  prevention  of  waste.  After  the  introduction  of  Loch  Katrine 
water  into  Glasgow  in  I860,  the  consumption  rose  from  15,000,000 
gallons  a  day  to  18,000,000  gallons  a  day  in  three  months,  being  an 
increase  of  3,000,000  gallons  a  day  in  that  short  period.  On  an 
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investigation  into  the  causes  of  waste,  it  was  found  that  not  less  than 
7,200,000  gallons  a  day  were  run  to  waste  by  leaky  and  bad  taps 
alone,  a  quantity  which  represented  a  money  value  of  £50,000  per 
annum.  It  has  been  found  impossible  to  impose  any  efficient  check 
upon  the  waste  in  Glasgow.  The  consumption  there  amounts  to 
46  gallons  per  head  per  day,  while  in  Manchester,  where  the 
water  is,  as  in  Glasgow,  constantly  on  without  stint,  it  only  amounts 
to  22  gallons  per  head  per  day.  The  great  waste  by  leaky  taps 
in  Glasgow  shows  the  importance  of  caution  in  the  character  of 
the  water  fittings  used,  and  the  necessity  of  introducing  in  all  cases 
the  best  of  their  respective  kinds.  Common  ground  taps  ought 
to  be  entirely  avoided,  and  none  used  but  those  on  the  screw- down 
principle. 

Of  fire-engines  there  are  a  considerable  number  and  variety- 
exhibited,  both  English  and  foreign,  from  small  poi table  machines 
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for  domestic  use  to  the  largest  engines  worked  by  hand,  and  two  or 
three  which  are  worked  by  steam.  Experiments  upon  the  perform¬ 
ance  of  these  engines  were  made  by  a  special  committee  of  Class 
8.  Of  the  hand  fire-engines,  those  of  Messrs.  Shand  &  Mason 
and  Messrs.  Merry  weather  &  Son  were  the  most  powerful;  and  of 
two  steam  fire-engines  which  were  tried  against  each  other,  that  of 
Messrs.  Shand  &  Mason  produced  the  best  result.  Amongst  the 
hand  or  manual  fire-engines  was  that  presented  to  Mr.  Hodges  by 
his  neighbours,  in  testimony  of  their  respect  for  his  great  exertions 
in  the  suppression  of  fires  generally,  and  especially  at  that  in  Tooley 
Street  in  London  in  1861.  It  has  been  manufactured  by  Messrs. 
Merryweather  &  Son,  and  highly  decorated  by  Mr.  Casentini.  This 
engine  was  certainly  the  best  amongst  those  tried,  throwing  a  more 
continuous  solid  stream  with  greater  effect.  It  owes  its  superiority  to 
the  care  which  has  been  taken  in  its  construction  to  case  off  all  abrupt 
angles  for  the  passage  of  the  water,  and  to  a  large  and  very  efficient 
air  vessel.  The  outer  metallic  casing  of  the  air  vessel  is  filled  with 
an  elastic  india  rubber  bag  charged  with  air,  so  that  the  quantity  of 
air  is  never  diminished  in  the  working  of  the  engine  by  the  tendency 
which  exists  in  a  common  air  vessel  for  the  water  to  displace  the 
air  as  it  passes  through.  The  steam  fire-engines  were  very  effective 


4.-D0CK  AND  HARBOUS  WORKS. 


By  G.  B.  Renhie,  Esq.,  M.I.C.E.,  &c. 

tj  NGINEERING  structures,  such  as  harbours, 
docks,  and  bridges,  &c.,  can  only  be  illus¬ 
trated  in  an  exhibition  such  as  that  at  Ken¬ 
sington  by  drawings  and  models,  and  not 
by  any  actual  exhibition  of  the  works  them¬ 
selves.  It  will  therefore  be  necessary  in 
describing  the  objects  shown  in  that  branch 
1  '  to  have  reference  to  works  actually  con¬ 
structed,  or  in  progress  of  construction ;  for 
although  there  may  be  many  meritorious 
projects,  they  can  scarcely  be  said  to  be 
included  in  the  progress  which  engineering 
has  made  since  the  Exhibition  of  1851. 
The  difficulty  of  giving  due  importance  to  engineering  structures 
by  models  and  drawings  alone,  instead  of  the  actual  works  being 
exhibited  as  in  other  departments  of  industrial  or  artistical  produc¬ 
tions,  is  apparent  in  the  present  Exhibition  from 
the  comparatively  little  importance  which  civil 
engineering  structures  assume.  Class  10,  the  British 
department  of  civil  engineering,  although  containing 
a  few  very  beautiful  models,  such  as  the  topographical 
model  of  the  Tudela  and  Bilbao  Railway,  by  Mr. 
Vignoles ;  floating  docks  for  the  royal  Spanish  naval 
arsenal  of  Ferrol  by  Messrs.  Rennie;  the  bridges  of 
Saltash  and  Chepstow,  by  the  late  Mr.  Brunei ;  and 
that  over  the  river  Boyne,  by  Sir  John  Macneill, 
together  with  a  few  other  models  of  minor  impor¬ 
tance — principally  consists  of  actual  manufactures, 
such  as  tiles,  cements,  iron  roofing,  diving  apparatus, 
&c. 

Class  12  comprises  a  most  interesting  and  very 
complete  set  of  models  of  the  different  lighthouses 
constructed  round  the  coast  of  Great  Britain  by  the 
Trinity  Board. 

In  the  French  Department  a  small  separate  court 
is  devoted  to  civil  engineering  models,  exhibited  by 
the  Minister  of  Public  Works,  amongst  which  may 
be  seen  a  very  complete  section  of  the  mole  of  the 
Joliette  harbour  of  Marseilles,  and  the  termination  of 
Cherbourg  breakwater;  the  graving  docks  of  Toulon, 
Rochefort,  and  Havre ;  the  swing  bridge  at  Brest, 
an  iron  bridge  over  the  Ardeche,  the  “  barrage  ” 
on  the  rivers  Yonne,  Seine,  and  Marne;  the  light¬ 
houses  of  Barges  and  Nouvelle  Caledonie ;  the  iron 
railway  bridge  at  Bordeaux ;  the  reservoirs  of  Passy 
and  Mantanbry,  &c.  These  models  are  mostly  well 
executed  to  show  the  details  of  construction ;  and 
what  adds  considerably  to  their  value  is  the  book 
published  by  the  French  government,  which  gives 
all  the  particulars  of  construction  of  the  different 
works  :  for,  as  is  truly  said  in  the  preface,  “  Quelque 
parfait  que  soit  un  modele,  quelque  complet  que  soit 
un  dessin  ils  ne  peuvent  en  effect  tout  dire ;  ils  ne  suffisent  par 
tonjours  pour  expliquer  l’utilete,  l’importance  d’un  ouvrage,  les 
difficult^  qu’a  rencontrees  son  execution.  Les  notices  reunies 
dans  ce  volume  suppleeront  a  cette  insuffisance.” 

The  other  foreign  departments  contribute  little  in  the  way  of 


Duncau’s  Water  Meter— Vertical  Section. 


Duncan’s  Water  Meter— flan. 

machines,  throwing  a  much  larger  body  of  water  to  a  much  greater 
height  than  could  be  accomplished  by  the  manual  engines;  and  there 
seems  to  be  no  reason  why  engines  of  this  description  should  not 
be  extensively  used. 


engineering  works  beyond  two  models  of  iron  bridges  — one  over  the 
Rhine  at  Mayence,  and  the  other  over  the  Vistula,  near  Dirschau, 
which  may  be  seen  in  the  German  department,  Western  Annexe. 
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The  extraordinary  increase  in  the  number  as  well  as  in  the 
dimensions  of  ships  within  the  last  few  years,  makes  the  question  of 
harbour  dock  and  graving  dock  accommodation  one  of  tbe  most 
important  subjects  of  the  day.  Since  the  Exhibition  of  1851  the 
dock  accommodation  in  this  country  has  been  considerably  increased 
at  the  ports  of  Liverpool,  Dover,  Sunderland,  Hartlepool,  South¬ 
ampton,  and  Cardiff,  and  in  the  river  Thames  by  the  addition  of  the 
Victoria  Docks.  Our  naval  arsenals  also  have  been  considerably 
extended  at  Keyham,  Portsmouth,  and  Chatham;  those  of  France 
by  the  completion  of  the  magnificent  basins  and  docks  at  Cherbourg 
for  war  purposes;  while  the  Joliette  has  been  added  to  the  mercantile 
port  of  Marseilles,  and  floating  basins  and  dry  docks  to  that  of  Havre. 

In  Austria  the  old  Roman  and  Venetian  port  of  Pola  has  been 
converted  into  a  modern  naval  arsenal,  with  the  addition  of  a  wooden 
floating  dock  in  lieu  of  masonry  graving  docks;  in  Spain,  iron 
floating  docks  for  the  naval  arsenals  of  Carthagena  and  Ferrol, 
besides  other  works,  have  been  constructed;  as  also  in  Russia  a 
wooden  sectional  floating  dock,  which  is  used  as  a  camel  for  con¬ 
veying  the  larger  class  of  vessels  over  the  bar  between  St.  Peters¬ 
burg  and  Cronstadt.  We  have  further  to  note  in  America  tbe 
wooden  floating  docks  for  Portsmouth  and  Pensacola  ;  at  Alexandria 
in  Egypt  one  of  the  largest  patent  slips  yet  constructed;  in  the 
Brazils,  the  docks  and  harbours  at  Rio  Janiero ;  in  Australia,  the 
dry  dock  at  Sydney ;  and  at  the  Cape  of  Good  Hope,  an  artificial 
harbour  and  breakwater. 

ENGLISH  DOCKYARDS. — At  the  beginning  of  tbe  present  century 
the  English  dockyards  were  in  a  deplorable  condition ;  a  wet  dock  or 
basin  does  not  seem  to  have  existed,  and  tbe  dry  docks  were  most 
inadequate,  although  the  importance  of  artificial  harbours  and  docks 
was  quite  apparent  in  the  time  of  Smeaton,  whose  opinion  was  con¬ 
stantly  sought,  and  who  gave  most  excellent  advice ;  but  the  difficulty 
of  obtaining  grants  of  money  for  these  purposes  was  so  great  that  the 
works  he  proposed  were  not  carried  out,  and  it  was  left  for  General 
Bentham,  and  afterwards  John  Rennie,  to  commence  a  system  of  har¬ 
bours  and  docks  which  have  now  surpassed  that  of  all  other  countries. 
Mr.  Rennie  made  repeated  reports  by  direction  of  the  Admiralty 
Board  respecting  the  most  advisable  method  of  improving  our 
harbours  and  arsenals,  and  his  suggestions  were  in  part  carried 
out  in  the  reconstruction  of  Sheerness  Dockyard,  the  construc¬ 
tion  of  Plymouth  Breakwater,  and  of  the  dry  docks  and  basins 
at  Chatham,  Portsmouth,  Plymouth,  Pembroke,  and  Woolwich. 
His  most  complete  project,  viz.,  that  for  the  formation  of  a  naval 
arsenal  at  Northfleet,  which  should  combine  and  concentrate  in 
one  the  establishments  of  Woolwich  and  Deptford,  &c.,  for 
the  equipment  of  fleets  and  the  protection  of  the  Thames  and 
Channel,  although  approved  of,  and  land  bought  for  the  purpose,  was 
never  carried  into  effect.  It  consisted  principally  of  one  large 
basin,  4000  feet  long  by  980  feet  broad,  of  87£  acres  area,  with 
twelve  dry  or  graving  docks,  fourteen  building  slips,  and  all  the 
accessories  for  a  complete  fitting  out  and  building  establishment. 
At  Chatham  there  is  now  in  course  of  construction,  under  the 
Admiralty  Director  of  Works,  an  extension  of  the  old  dockyard, 
consisting  of  floating  basins,  dry  docks,  and  building  slips,  which 
may  be  said  in  part  to  fulfil  what  was  proposed  for  Northfleet. 
The  works  of  Keyham  at  Plymouth  are  also  to  be  considerably 
extended,  and  it  is  in  contemplation  likewise  to  enlarge  those  of 
Portsmouth  by  new  floating  basins  and  dry  docks.  The  present 
wet  and  dry  dock  accommodation  of  the  British  dockyards  and 
principal  commercial  docks  may  be  seen  in  the  tables  at  the  end. 

FRENCH  DOCKYARDS. — The  naval  arsenals  of  the  French  empire, 
which  formerly  were  comprised  in  numerous  small  ports  round  the 
French  coast,  were  under  the  reign  of  Louis  XIV.  concentrated  at 
five  places,  viz.,  at  Cherbourg,  Brest,  L’Orient,  Rochefort,  and  Toulon. 
At  Cherbourg  the  roadstead  was  found  to  be  so  dangerous,  that  a 
breakwater  was  proposed  by  the  commission  appointed  to  examine 


the  question,  and  preparations  were  commenced  in  1782.  After 
the  design  of  Mr.  Cessart,  it  was  proposed  to  construct  the  break¬ 
water  by  a  series  of  timber  cones  filled  with  stones  placed  side  by 
side  with  their  bases  resting  on  the  bottom,  and  their  summits 
united  by  chains.  This  mode  of  proceeding  was  found  so  expen¬ 
sive  that,  instead  of  adhering  to  the  original  plan,  the  cones  were 
placed  farther  and  farther  apart,  till  at  length  the  spaces  between 
them  amounted  to  some  1600  feet.  These  intervening  spaces  were 
to  have  been  filled  up  with  loose  stones,  but  unfortunately  the  timber 
cones  gave  way.  The  stones  within  them  fell  out,  and  this  method  was 
abandoned,  after  eighteen  cones  had  been  laid  down,  at  an  expenditure 
of  more  than  £1,000,000  sterling.  In  1792  it  was  recommended  to 
construct  the  breakwater  entirely  of  large  loose  stones  from  ten  cwt. 
to  over  two  tons  in  weight,  and  allow  the  rolling  of  the  sea  to  give  them 
the  proper  inclination.  The  works,  however,  were  suspended  on 
account  of  the  Revolution,  and  were  not  resumed  till  1802,  by 
Napoleon’s  orders.  In  1811  he  went  and  inspected  the  works, 
and  issued  an  imperial  decree  as  to  the  manner  in  which  they  were 
to  be  resumed.  The  system  then  adopted  has  been  continued  up 
to  their  completion  in  1853.  From  1828  to  1830  the  project  of 
Mr.  Fouques  Duparc  was  recommended  to  be  carried  into  execu¬ 
tion  ;  it  consisted  of  constructing  a  wall  of  masonry  32  feet  thick 
from  low  to  high  water-mark,  the  base  of  which  was  to  be  pro¬ 
tected  by  large  natural  blocks  of  stone.  The  first  bed  was  made 
of  “  Beton  bydraulique,”  thrown  in  at  low-water  between  two 
stone  walls;  this  system  was  based  on  the  experience  of  Mr. 
Fouques  Deparc,  acquired  in  the  ancient  moles  of  Italy.  The  wall 
of  the  new  arsenal  basin  was  formed  in  a  similar  manner.  The 
slope  of  the  stones  on  the  sea-side  of  the  breakwater  has  been 
modified,  and  varies  now  from  7  to  8  to  1.  The  total  cost  of  the 
works,  exclusive  of  the  forts,  has  been  about  £2,680,000  for  a 
length  of  about  4100  yards,  or  about  £650  per  yard  run.  A  very 
interesting  model  of  one  end  of  this  work,  as  finished  in  1853,  is 
exhibited  in  the  French  Department.  The  arsenal  or  rather  dock¬ 
yard  consists  principally  of  five  wet  docks,  with  an  aggregate  area 
of  48£  acres,  besides  eight  graving  docks,  of  which  the  dimensions 
are  given  in  the  Tables  of  Docks  at  pages  253-256. 

BREST. — Although  the  port  of  Brest  had  long  been  one  of  the 
naval  establishments  of  France,  it  was  very  much  neglected  until 
Admiral  Duquesne  undertook  the  re-establishment  of  it ;  and  for 
seven  years  he  devoted  his  whole  attention  to  the  improvement  of 
the  place.  At  present  there  is  no  artificial  basin,  although  there  is 
one  of  considerable  size  in  course  of  construction,  but  some  50 
acres  of  the  river  is  entirely  devoted  to  naval  purposes.  There  are 
four  dry  docks,  two  of  which  are  500  feet  long.  The  river  is  now 
crossed  by  a  swing  bridge,  which  will  be  described  further  on. 

L’ORIENT  was  originally  established  as  a  port  by  a  company 
trading  to  the  East  Indies,  and  hence  its  name ;  but  the  company 
becoming  bankrupt,  the  establishment  was  bought  by  the  Govern¬ 
ment,  and  made  into  a  naval  arsenal.  There  are  but  two  dry 
docks,  and  no  artificial  basin.  The  new  dock,  which  is  600  feet 
long,  was  constructed  with  a  dam  of  peculiar  form.  The  dam  w'as 
composed  of  a  series  of  independent  wells,  afterwards  united  by 
walls ;  the  wells  were  made  square,  the  interior  being  7’872  feet, 
with  a  thickness  of  wall  of  about  4  feet ;  fifteen  of  these  wells  were 
distributed  along  the  total  length  of  the  dam,  of  326  feet ;  the  dis¬ 
tance  of  the  wells  was  an  average  of  about  5-38  feet  from  wall  to 
wall ;  the  top  of  all  the  wells  was  9  inches  above  high-water ;  the 
mean  total  height  of  each  about  23  feet  from  top  to  bottom.  The 
first  was  built  in  1857  and  the  last  in  1858  ;  each  well  took  rather 
more  than  a  month  for  its  completion.  The  mean  thickness  of  the 
intermediate  walls  was  332  feet.  A  bed  of  clay  was  placed  on 
the  mud,  on  which  was  constructed  a  timber  framing;  on  this 
frame  the  walls  were  built,  and  the  well  allowed  to  sink  as  the 
water  was  pumped  out,  and  built  up  as  it  sank.  This  operation 
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was  performed  until  it  readied  the  mud ;  the  corners  of  the  walls 
were  supported  and  the  part  underneath  made  good.  The  total 
cost  of  this  work  was  about  .£4661,  or  £14’3  per  foot  run.  This 
system  is  very  similar  to  that  adopted  in  India,  and  known  in  this 
country  as  Pott’s  system ;  but  we  believe  that  the  manner  of 
constructing  the  dam  at  L’Orient  is  quite  new.  The  dock,  it  is 
expected,  will  be  completed  in  1 863. 

ROCHEFORT  is  situated  on,  and  nine  miles  from,  the  mouth  of  the 
river  Charente,  which  is  only  navigable  for  large  ships  at  high  tide. 
It  has  been  under  consideration  to  abandon  this  port  altogether. 
There  are  three  dry  docks,  but  no  artificial  basin.  One  of  these 


dry  docks  and  one  new  basin.  This,  with  the  other  basins,  will  give 
a  total  wet  dock  accommodation  of  seventy-seven  acres. 

BREAKWATER  OF  THE  PORT  OF  MARSEILLES  (No.  1251,  F.  Cata¬ 
logue).—  System  of  Construction  (Fig.  249). — The  system  followed  at 
Marseilles  for  the  construction  of  the  breakwater,  for  the  purpose  of 
extending  the  harbour,  consists  principally  in  the  employment  of 
blocks  of  stone  in  the  rough  form  to  the  main  body  of  the  work,  and 
an  exterior  coating  of  artificial  blocks  on  and  for  the  slope  exposed 
to  the  force  of  the  sea.  This  system  is  the  result  of  observations 
made  on  the  action  of  the  sea  against  piers  previously  executed. 
Piers  made  exclusively  of  loose  stones— and  these  are  the  most 


Breakwater  of  the  New  Napoleon  Basin  at  Marseilles — Transverse  Section. 


Scale,  l-15;000th  of  the  full  size. 


a.  Sea  Wall. 

b.  Low  Water  Level. 

c.  Parapet  Quay. 

d.  Blocks  of  Artificial  Concrete. 

e.  Ofting  Side. 

f.  Natural  Blocks  of  3d  and  4th  Category. 


G.  Natural  Blocks  of  2d  Category, 
n.  Natural  Blocks  of  1st  Category. 
I.  Foundations  of  Artificial  Blocks, 
j.  Harbour  Side. 

a.  Slope,  1£. 

b.  Slope,  1  j. 


docks  was  completed  last  year,  of  which  a  model  is  to  be  seen  in  the 
Exhibition.  This  repairing  dock  has  a  total  length  of  439  5  feet  at 
top,  but  the  projection  of  the  caisson  reduces  the  interior  to  41 3'26 
feet.  Its  breadth  was  arranged  for  vessels  of  the  largest  class, 
such  as  La  Bretagne;  it  is  77' 16  feet  broad  at  the  copings,  and 
at  the  springing  of  the  invert  51’4  feet.  The  breadth  at  the  water 
line  of  an  equinoctial  high  tide  is  73'9  feet,  giving  a  draught  of  water 
of  27'38  feet.  At  neap-tides  the  breadth  is  reduced  to  69-27  feet, 
and  draught  of  water  20-33  feet.  The  largest  vessel  the  dock  can 
take  in  is  410  feet  long  by  69  feet  broad.  The  foundation  of  this 
work  is  on  calcareous  rock,  which  inclines  towards  the  river  Charente ; 
one  half  is  built  directly  on  the  rock,  and  the  other  on  a  system  of 
piling  and  framing.  It  is  stated,  notwithstanding,  that  up  to  the 
present  no  signs  of  settlement  have  been  visible  at  the  junction  of 
the  two  modes  of  building  in  the  foundation.  The  dock  is  con¬ 
structed  of  calcareous  stone  found  near  Rochefort,  and  the  angles, 
copings,  and  sill  of  the  caisson  are  of  Brittany  granite.  A  great  many 
different  kinds  of  mortar  seem  to  have  been  used  in  its  construction, 
hydraulic  lime  of  the  country  with  and  without  Pozzuolana,  Portland, 
and  Midina,  Thiel  cements,  &c.  The  dock  is  emptied  by  a  thirty 
horse-power  steam  engine  and  pumps,  which  operation  is  effected 
in  six  hours.  The  work  was  commenced  in  1853,  and  finished 
in  1861.  The  total  cost  is  said  to  have  been  from  £90,000  to 
£100,000. 

TOULON,  like  the  other  naval  arsenals  of  France,  rose  into  import¬ 
ance  under  the  Grand  Monarque,  and  his  engineer  Vauban.  In 
the  last  century  little  was  done  except  the  addition  of  a  floating 
basin.  Under  the  first  Napoleon  two  new  basins  were  constructed, 
but  it  was  not  till  the  expedition  to  Algiers  in  1830  that  the  port 
reassumed  its  former  importance.  It  is  now  the  only  arsenal  the 
French  have  in  the  Mediterranean.  There  are  two  new  docks  con¬ 
structing,  of  which  a  description  will  be  found  further  on,  making  six 


ancient — are  found  on  the  side  exposed  to  the  waves  to  have  a  slope 
in  some  cases  as  much  as  ten  to  one  from  the  mean  level  of  ordinary 
high  water,  down  to  30  feet  below  that  mark,  dependent  upon  the 
locality;  whereas  those  made  entirely  of  artificial  blocks  have  a  slope 
of  only  45°,  or  one  to  one,  where  the  blocks  are  of  a  sufficient  size. 
These  observations  naturally  led  to  the  use  of  large  artificial  blocks 
for  the  exterior,  and  loose  stones  for  the  interior  work.  This  sys¬ 
tem  may  be  seen  at  Marseilles  on  a  grand  scale,  since  a  pier  now 
exists  there  of  about  7200  feet  long,  constructed  in  a  depth  of 
water  varying  from  40  to  70  feet. 

Natural  Blochs  of  Rough  Stone. — For  solidity  and  economy 
the  natural  blocks  should  be  placed  in  different  positions  according 
to  their  dimensions.  It  is  desirable  in  point  of  economy  to  use  up 
all  the  material  excavated  from  the  quarries.  It  is  equally  desirable 
not  to  mix  the  small  with  the  large  stones.  For  solidity,  on  the 
other  hand,  it  is  necessary  that  the  large  blocks  should  be  so  dis¬ 
posed  as  to  cover  the  small  ones.  This  twofold  conside'ration  leads 
to  a  classification  in  the  dimensions  of  the  stones  under  four  heads : — 

1st  Blocks  weighing  from  4  J  lbs.  to  2  cwt. 

2nd.  “  “  2  cwt.  to  25  “ 

3rd.  „  “  25  “  to  85  “ 

4th.  “  “  85  “  and  upwards. 

Besides  these  four  divisions,  the  debris  of  the  quarries  are  used  in 
the  formation  of  the  large  artificial  blocks,  and  for  the  foundations  of 
the  quay  walls.  The  stones  were  obtained  by  blasting  from  quarries 
three  miles  off,  the  greatest  explosions  being  effected  with  twenty- 
five  tons  of  powder,  each  of  which  removed  about  100,000  cubic 
yards  of  stone.  The  two  first  classes  of  stone  were  transported  to 
the  works  by  means  of  barques  with  traps  or  hoppers.  The  larger 
blocks  were  placed  in  barques  and  thrown  out  at  their  ends,  the 
largest  pieces  being  previously  placed  on  a  pontoon,  from  which  they 
were  taken  into  the  barque  by  a  swing  crane  on  board.  The  artificial 
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blocks  were  made  1 1  •  1 5  feet  (3 '40  metres)  by  6  ’56  feet  (2  metres) 
and  5‘92  feet  (l-5  metres).  About  10  cubic  metres  (352-8  cubic 
feet)  were  found  to  be  sufficient  to  resist  the  force  of  the  sea  at 
Marseilles.  They  were  thrown  in  for  the  exterior  slope  of  the 
breakwater  to  a  depth  of  about  26  feet  below  the  level  of  the 
water,  and  for  the  interior,  and  foundation  of  the  quay  wall,  where 
they  are  placed  flush  to  20  feet  below  that  level,  so  as  to  break  joint. 
The  works  where  the  artificial  blocks  were  manufactured  were  sup¬ 
plied  with  a  steam  engine  fourteen  horse-power,  with  the  necessary 
mixing  machines,  wagons,  &c.,  which  produced  a  mean  rate  of  300 
blocks  per  month,  the  maximum  being  375.  The  artificial  blocks 
under  the  water  were  laid  in  position  by  means  of  an  inclined  plane 
constructed  on  the  barge,  those  above  water  were  put  into  their 
places  by  a  floating  crane. 

Composition  of  the  Artificial  Blocks. — The  blocks  are  composed 
of  five  parts  of  small  stones  and  three  of  mortar.  The  mortar  is 
made  of  26  cubic  feet  of  sand  to  six  hundredweight  of  slacked  ( blutee ) 
lime.  There  is,  consequently,  about  three  hundredweight  of  lime 
per  cube  yard  of  “beton”  or  concrete.  Observations  made  on 
the  blocks  have  established  that  “beton”  or  concrete,  made  with 
hydraulic  lime  of  Thiel  with  proper  care,  resists  perfectly  any  decom¬ 
position  by  the  action  of  salt  water.  The  mean  amount  of  work 
done  per  month  at  Marseilles  was  for  the  stone  work  26,000  cubic 
yards,  and  for  the  artificial  blocks  about  4000  cubic  yards,  the 
maximum  being  about  40,000  cubic  yards  of  stone  and  5000  cubic 
yards  of  artificial  blocks. 


The  Expense  per  Yard  Run  of  the  Breakwater. — The  break¬ 
water  of  the  Napoleon  Basin  for  a  mean  depth  of  56  feet,  with  a 
quay  of  98  4  feet  breadth,  cost  about  £330  per  yard  run.  That  of 
the  basin  of  the  Joliette,  constructed  on  the  same  system,  cost,  with 
a  quay  of  60  feet  in  breadth,  and  a  mean  depth  of  water  of  40  feet, 
about  £200  per  yard  run. 

The  model  in  relief  in  the  Exhibition  is  that  of  the  Port  Napoleon. 
This  work  was  constructed  under  the  direction  of  M.  Pascal,  engineer- 
in-chief,  and  M.  Andre,  superintendent. 

Concrete  works  are  now  more  general  than  formerly,  and  are 
adopted  in  many  places  on  a  large  scale,  as  at  Dover,  Alderney, 
and  Liverpool  dock  walls.  The  new  basin  constructed  by  the 
Austrian  government  at  Pola  in  Istria  is  formed  of  two  piers  of  con¬ 
crete.  This  concrete  is  made  with  “  Santorin,”  a  pozzuolana  found 
on  the  Greek  island  of  that  name.  It  is  of  very  ancient  use  in  the 
Adriatic,  especially  on  the  east  coast,  as  at  Rovigno  and  other 
places.  Two  rows  of  piles,  at  a  distance  apart  equal  to  that  of  the 
width  of  the  pier,  were  driven  in  close  together,  and  lengths  of  pier, 
15  to  20  feet,  dammed  up  by  boards  let  down  perpendicularly  across 
them,  thus  inclosing  spaces,  which  were  then  filled  up  with  concrete 
by  means  of  a  railway  laid  down  on  the  heads  of  the  piles.  After 
the  concrete  was  sufficiently  set,  the  heads  of  the  piles  were  cut  off 
just  below  the  water  line.  This  is  an  expeditious  mode  of  forming 
piers,  and  when  the  concrete  is  of  as  good  a  quality  as  that  of  Pola, 
it  makes  a  most  solid  and  durable  structure;  in  fact  each  pier  may 
be  said  to  be  one  solid  mass  of  concrete. 


DIMENSIONS  OF  PRINCIPAL  DRY  OR  GRAVING  DOCKS  IN  H.M.  DOCKYARDS,  1862. 

PORTSMOUTH. 


Name  or  Number  of  Dock. 

Length  in  Blocks 
at  bottom  of 

Length  at  Top 
of  Dock. 

Width  of 
Entrance. 

Depth  of  Water 
on  Sill  at  O.  W. 

Depth  of  Water 
at  O.H.M. 

Remarks,  &c. 

Dock. 

H.  Spring  Tides. 

Neap  Tides. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

in, 

ft. 

in. 

No.  1, 

South  harbour  dock, 

228 

3 

253 

6 

57 

7 

20 

3 

16 

3 

“  2, 

South-east  basin  dock, 

221 

6 

252 

10 

63 

4 

24 

0 

20 

0 

“  3, 

South  basin  dock, 

275 

2 

287 

1 

67 

6 

25 

6 

21 

6 

“  4. 

Middle  basin  dock,  . 

279 

3 

286 

3 

67 

6 

21 

9 

17 

9 

“  5, 

Middle  basin  dock,  . 

208 

a 

227 

2 

55 

4 

20 

3 

16 

3 

Being  made  4  ft.  3  in.  deeper. 

“  6, 

Harbour  dock, 

189 

8 

220 

1 

52 

11 

20 

0 

16 

0 

“  7,1 

“  10,/ 

Double  docks, 

644 

10 

644 

10 

80 

88 

:} 

25 

27 

6 

°l 

21 

23 

Si 

“  8, 

South  inlet  dock, 

302 

10 

333 

5 

70 

0 

22 

9) 

18 

9 

“  9, 

Dock,  .... 

253 

4 

283 

2 

64 

11 

21 

9 

17 

9 

“  11, 

North  inlet  dock, 

406 

0 

426 

0 

70 

0 

25 

9 

21 

9 

In  course  of  construction. 

Number  of  building  slips- 

-1  of  1st  class; 

and  4  of  2d  class. 

PLYMOUTH, 

DEVONPORT 

,  AND  KEYHAM. 

Devonport. 

No.  1, 

Basin  dock, 

266 

0 

299 

0 

65 

0 

27 

10 

23 

4 

“  2,1 
“  3,/ 

415 

6 

437 

0 

73 

0 

31 

1 

27 

7 

Two  old  docks  being  altered  into 
one.  New  one  (constructing). 

“  4, 

209 

6 

241 

2 

56 

2 

20 

4 

15 

10 

“  5, 

263 

4 

275 

10 

64 

0 

20 

7 

16 

1 

Keyham. 

No.  1, 

South  dock, 

348 

2 

356 

6 

80 

0 

23 

0 

20 

0 

“  2, 

Middle  dock,  . 

281 

9 

308 

0 

80 

0 

23 

0 

20 

0 

“  3, 

Graving  dock, 

274 

6 

307 

0 

80 

0 

27 

0 

24 

0 

Beingaltered  and  made  136 ft.  6 in. 

longer  on  keel-blocks,  and  109  ft. 
at  tops. 

Number  of  building  slips — 1  of  1st  class;  2  of  2d  class  ;  and  3  of  3d  class. 
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DIMENSIONS  OF  PRINCIPAL  DRY  OR  GRAVING  DOCKS  IN  H.M.  DOCKYARDS,  1862 .—  Continued. 

SHEERNESS. 


Name  or  Number  of  Dock. 

Length  in  Blocks 
at  Bottom  of 
Dock. 

Length  at  Top 
of  Dock. 

Width  of 
Entrance. 

Depth  of  Water 
on  Sill  at  O.  W. 
H.  Spring  Tides. 

Depth  of  Water 
at  O.H.M. 
Neap  Tides. 

Remakes,  &c. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

No.  1,  Dock, 

241 

0 

253 

4 

57 

7 

25 

2 

20 

8 

“  2,  “  .  • 

225 

7 

251 

10 

57 

8 

25 

2 

20 

8 

“  3,  “  . 

241 

0 

253 

4 

63 

5 

25 

2 

20 

8 

“  4,  “  . 

180 

7 

203 

10 

50 

3 

19 

10 

15 

4 

“  5,  “  • 

154 

4 

196 

1 

58 

7 

14 

8 

10 

2 

Number  of  building  slips 

— 1  of  2d  class. 

CHATHAM. 

No.  1,  Dock, 

203 

5 

222 

5 

57 

0 

16 

0 

13 

0 

“  2,  “  . 

374 

6 

397 

9 

62 

2 

23 

6 

20 

6 

“  3,  “  .  ■ 

320 

5 

347 

5 

62 

10 

23 

6 

20 

6 

“  4,  “  .  . 

232 

0 

253 

0 

62 

8 

21 

0 

18 

0 

Number  of  building  slips- 

— 1  of  1st  class 

and  6  of  2d  class. 

WOOLWICH  AND  DEPTFORD. 

No.  1,  Dock, 

250 

0 

265 

0 

65 

0 

22 

0 

17 

2 

“  2,  “  .  . 

241 

3 

272 

0 

65 

0 

21 

0 

16 

2 

“  3,  “  .  . 

264 

0 

290 

8 

80 

0 

21 

0 

16 

2 

Outer  dock,  Deptford, 

196 

0 

196 

0 

54 

0 

15 

31 

9 

81 

Inner  dock,  Deptford, 

167 

6i 

190 

4* 

46 

10 

13 

3 

7 

8 

Number  of  building  slips- 

— 1  of  1st  class  ; 

7  of  2d  class ; 

and  4  of  3d  class. 

PEMBROKE. 

No.  1, 

387 

0 

404 

1 

° 

75 

0 

24 

6 

18 

6 

Number  of  building  slips — 4  of  1st  class ;  and  9  of  2d  class. 


According  to  a  return  lately  called  for  in  the  House  of  Commons 
by  John  Laird,  Esq.,  there  are  only  two  docks  actually  constructed 
in  H.M.  yards  that  can  take  in  the  Warrior — viz.,  7  and  10  of 
Portsmouth  can  take  her  fully  loaded  and  ready  for  sea  six  days  of 
each  spring  tide,  and  Pembroke  dock,  only  when  drawing  not  more 
than  22  feet  of  water  at  average  spring  tides. 

In  the  alterations  and  additions  now  making  at  Chatham,  No.  2 


Dock  will  admit  her  when  light  four  days  each  spring  tide,  and  when 
deep  not  at  all. 

No.  11  at  Portsmouth,  any  day  when  she  is  either  in,  or  can  enter, 
the  Basin. 

Nos.  2  and  3  at  Devonport  can  dock  her  on  any  day  during  the  year. 

No.  3  at  Keyham,  any  day  during  the  year,  by  raising  the  water 
in  Basin. 


LIST  OF  NUMBER  AND  DIMENSIONS  OF  FLOATING  BASINS  IN  H.M.  ROYAL  DOCKYARDS.— August,  1862. 


Water  Area  of 
Basins. 

Lineal  feet  of 

Depth  of  Water  on 

Depth  of  W ater  on 

Name  of  Dockyard. 

No.  of  Basins. 

Quay  Space  in 

Remarks. 

Sill  at  Ordinary 

Sill  at  Ordinary 

each  Basin. 

High-water  Spring 

llig 

h-water 

Tides. 

Neap  Tides. 

Acres. 

R. 

P. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In. 

Deptford, 

i 

l 

l 

8 

770 

50 

0 

20 

0 

14 

5 

Woolwich, 

Outer  Basin, 

3 

0 

33 

1250 

65 

0 

22 

10 

18 

0 

« 

Inner  Basin, 

2 

2 

16 

1250 

o 

65 

0 

21 

16 

2 

Chatham, 

Nil. 

o 

h-3 

Sbeerness, 

Great  Basin, 

3 

2 

6 

1400 

o 

66 

0 

27 

0 

22 

6 

Small  Basin, 

l 

0 

23 

850 

50 

0 

20 

6 

16 

0 

Boat  Basin, 

l 

1 

7 

551 

100 

0 

26 

0 

21 

0 

Portsmouth,  . 

South  Basin, 

2 

1 

30 

950 

When  Docks  Nos.  7  and  1 0 

67 

0 

24 

6 

20 

0 

Steam  Basin, 

7 

0 

0 

2190 

are  unoccupied  they  may 
be  used  as  a  Lock  664 

80 

0 

25 

0 

21 

0 

feet  long,  with  27  feet 
H.  W.  Spring  tides. 

Devonport,  . 

1 

l 

2 

6 

800 

No  Lock. 

74 

0 

30 

6 

26 

0 

Outer  Entrance. 

Outer  Entrance 

Keyham,  . 

South  Basin. 

7 

0 

32 

2150 

Entrance  Lock  252  feet  8 
inches  between  caissons. 

80 

0 1 

36  0 

Inner  Entrance. 
34  0 

21  6 

Inner  Entrance 
9Q  fi 

It 

North  Basin. 

5 

0 

0 

1350 

80 

0 

25 

0 

20 

6 

Pembroke, 

Nil. 

... 
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IMPERIAL  FRENCH  DRY  DOCKS  AND  ARTIFICIAL  BASINS. 


CHERBOURG. 


Drv  Docks. 

Wet  Docks  or  Floating  Basins. 

Name  op  Dock. 

Length  at 
Top. 

Breadth  of 
Entrance. 

Reeakks,  &c. 

Name  of 
Basin. 

Length  in 
Feet. 

Breadth 
in  Feet. 

Width  of 
Entrance. 

Area  in 
Acres. 

Remarks,  &c. 

No.  1,  in  Outer  Basin, 

24G 

58 

Outer. 

890 

720 

200 

143 

1,  in  New  Basin,  . 

370 

60 

Inner. 

920 

670 

80 

14 

“  2,  do. 

370 

60 

New. 

1310 

655 

70 

19  J 

“  3,  do. 

340 

60 

Small. 

Commenced  in  1860 

“  4,  do. 

340 

60 

for  small  craft. 

“  5,  do. 

340 

60 

“  6,  do.  double  docks,  . 

350 

65 

“  7,  do.  do. 

350 

65 

In  course  of  con- 

struction. 

Number  of  building  slips — 9  of  1st  class. 

BREST. 

No.  1,  small, 

210 

56 

“  2,  do. 

210 

56 

“  1,  double, 

500 

60  ( 

Can  be  made  into 

“  2,  do. 

500 

60  \ 

four  of  250  feet. 

Number  of  building  slips — 8  of  1st  class ;  and  4  of  2d  class. 

L’ORIENT. 

No.  1,  double, 

340 

58 

Recently  lengthened. 

No  artificial  basin  completed. 

One  large 

one  in  course  of  construction;  a 

part  of  the  river  is  reserved  for  navy  purposes. 

“  2,  do. 

600 

Constructing. 

Area,  53  acres  at  Brest,  and  43J  acres  at  L’Orient. 

Number  of  building  slips — 5  of  1st  class;  and  6  of  2d  class. 

TOULON. 

No.  1,  old, 

250 

58 

Old. 

95 

16 

“  2,  do.  smaller, 

230 

58 

New. 

1210 

1100 

“  3,  do.  do. 

230 

58 

Do. 

100 

364 

34| 

r 

These  are  more  par- 

16 

Not  completed. 

“  1,  new, 

336-69 

62  1 

ticularly  described 

“  2,  do.  ... 

396-88 

...  1 

in  the  account  of 

“  3,  do.  ... 

545-79 

...  1 

Toulon  Docks. 

Number  of  building  slips — 16  of  1st  class. 

ROCHEFORT. 

.  Small,  .... 

210 

55 

Double,  .... 

450 

60  | 

Can  be  made  into  one 
of  210  and  one  240. 

j-  No  artificial  basin.  Used  for  ships  of  war.  Area 

91 1  acres. 

Large,  .... 

360 

80 

Number  of  building  slips — 7  of  1st  class;  4  of  2d  class;  and  4  of  3d  class. 

HAVRE. 

New  Dock, 

426 

90 

1 

1 
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A  TABULAR  STATEMENT  of  the  Dimensions  of  all  Graving  Docks 


DRY  OR  GRAVING  DOCKS  OF  SOUTHAMPTON. 


at  present  oonstnicted  in  Liverpool.  Length  on  Blocks  at  bottom 
of  Dock;  Width  of  Entrance;  Depth  of  Water  on  Sill  at  ordinary 
Spring  Tides  ;  Depth  of  Water  on  Sill  at  ordinary  Neap  Tides. 


Name  of  Dock. 

Width  of 

Entrance. 

Length  on  Blocks 
on  bottom  of 
Dock. 

Depth  of  Water 

on  Sill  atO.  H. 

W.  Spring  Tides. 

Depth  of  Water 

on  Sill  at  O.  H. 

W.  Neap  Tides. 

ft. 

in. 

ft. 

ft. 

in. 

ft. 

in. 

Canada  lock  and  graving  dock,  . 

100 

0 

501 

26 

0 

19 

0 

Iluskisson  lock  and  graving  dock, 

80 

0 

396 

24 

9 

17 

9 

Sandon  graving  docks — 

No.  1,  east, 

60 

0 

540 

21 

9 

14 

9 

“  2,  “  ... 

70 

0 

540 

21 

9 

14 

9 

“  3,  “ 

60 

0 

540 

21 

9 

14 

9 

“  4,  “  ... 

70 

0 

540 

21 

9 

14 

9 

“  5,  “  ... 

45 

0 

540 

21 

9 

14 

9 

“  6,  “  ... 

45 

0 

540 

21 

9 

14 

9 

Clarence  graving  docks — 

No.  1,  outer  gates, 

45 

0 

405 

21 

3 

14 

3 

“  1,  inner  gates, 

45 

0 

291 

18 

9 

11 

9 

“  2,  outer  gates, 

45 

0 

414 

21 

3 

14 

3 

“  2,  inner  gates, 

32 

10 

288 

18 

9 

11 

9 

Canning  graving  docks — 

No.  1, 

35 

9 

441 

19 

Hi 

12 

Hi 

“  2,  .  .  .  . 

35 

9 

488 

18 

3i 

11 

3i 

Brunswick  graving  docks — 

No.  1,  . 

42 

0 

399 

20 

9 

13 

9 

“  2,  .  .  .  . 

43 

0 

399 

20 

9 

13 

9 

Queen's  graving  docks — 

No.  1,  . 

42 

0 

438 

19 

ni 

12  in 

“  2,  .  .  . 

70 

1 

435 

21 

9 

14 

9 

DRY  OR  GRAVING  DOCKS  AT  BIRKENHEAD,  &c. 


O  (m 

O  • 

Name 

of  Dock. 

Width  of 
Entrance. 

ngth  on  Blc 
m  bottom  c 
Dock. 

■8  m  3 

v.  O  to 

©  -M  .g 

—  04 

<v 

©  cn 

Q 

No.  1,  new  dock,) 

“  2,  “  ; 

Constructing, 

n. 

85 

50 

ft. 

750 

750 

ii. 

25 

25 

in. 

9 

9 

“  1,  dock, 

40 

300 

16 

6 

2,  “ 

“  3,  “ 

Belonging  to  Laird 
Brothers, 

45 

65 

180 

400 

16 

24 

6 

3 

“  L  “  J 

85 

440 

20 

6 

The  total  area  and  quay  space  of  the  Liverpool  and  Birkenhead 
Dock  is  as  follows  : — 


Name  of  Dock. 

Water  Area. 

Quay  Space. 

Liverpool,  .... 
Birkenhead,  .... 

Acres. 

251 

121 

Yards. 

2664 

2869 

Miles. 

18 

5 

Yards. 

768 

786 

Total, 

373 

693 

23 

1549 

Name  of  Dock. 

Width  of 

Entrance. 

Lenerth  in 

bottom. 

Length  at  top  of 

Dock. 

Depth  of  Water  on 

Sill  at  O.  H.  W. 

Spring  Tides. 

Depth  of  Water  on 

Sill  at  O.  H.  W. 

Neap  Tides. 

ft. 

ft. 

ft. 

ft  in. 

ft.  in. 

AVestern  dock,  . 

66 

343 

346 

20  0 

16  0 

Middle  dock,  . 

51 

232 

233 

15  6 

11  6 

Eastern  dock,  . 

80 

425 

538 

20  0 

21  0 

A T.B. — The  Eastern  Dock,  made  in  1854,  is  of  brickwork,  with  Portland 
copings,  and  is  stated  to  have  cost  £53,000. 


These  docks  were  made  under  the  direction  of  Mr.  Alfred  Giles. 


Principal  Dimensions  of  other  Dry  Docks  of  300  Feet  in  Length, 
and  upwards,  in  Great  Britain  and  elsewhere — 1862. 


Name  of  Port. 

Name  op  Dock. 

Length  over  all. 

Breadth  of 

Entrance. 

Depth  of  Water 

over  Sill  at 

O.  H.  W. 

Leith, 

On  the  East  Sands, 

400 

71 

23 

Sunderland, 

Laing’s, 

Commissioners, 

300 

48 

14 

315 

45 

16-8 

A\rest  Hartlepool, 

No.  1, 

375 

60 

16 

u 

No.  2, 

355 

50 

17 

Great  Grimsby,  . 

No.  1, 

400 

70 

19-6 

Thames, 

Northfleet,  . 

400 

74 

19-6 

“ 

New  Crane,  . 

463-6 

43-9 

14-6 

“ 

Union  (upper), 

331-6 

39-8 

15 

“ 

Regent,  No.  12,  . 

338 

42-2 

16 

“ 

Green  &  Co., 

342 

62 

18 

“ 

General  Steam, 

328 

40 

14 

Portsmouth, 

Isle  of  Wight, 

Camber  Dock, 

345 

50 

17-3 

Cowes, 

330 

36 

16  6 

Plymouth,  . 

Mill  Bay, 

367 

80 

27-6 

Falmouth,  . 

No.  1, 

360 

54 

14 

li 

No.  2, 

400 

90 

20 

Appledore, 

326 

43-3 

15 

Bristol, 

Great  AVestern, 

300 

45 

13 

U 

Albion, 

380 

38-6 

13-6 

“ 

Green, 

East  Bute,  . 

323 

56 

15 

Cardiff, 

435 

48 

18 

Swansea,  . 
Holyhead,  . 

No.  3, 

300 

36 

16 

307 

62-9 

17 

Greenock,  . 

Steel,  . 

361 

47-8 

16 

“ 

Scott,  . 

300 

45 

15 

U 

Corporation, 

360 

38 

13 

Dumbarton, 

300 

41 

13 

Glasgow,  . 

Tod  &  M ‘Gregor,  . 

500 

56 

18 

Dublin, 

Londonderry, 

No.  1, 

400 

70 

18 

321 

50 

18 

Cork, 

West  Passage, 

390 

86 

24 

tt 

AVheelers, 

420 

59 

20 

Trieste, 

Austrian  Lloyd’s, 

300 

25 

Bombay, 

Old  Dock, 

613 

51-9 

16 

U 

Duncon  Dock, 

600 

63  • 

16 

Singapore,  . 

New  Harbour, 

390 

43 

15 

U 

U 

450 

62 

18 

Canton  River, 

T.  C.  Couper, 

550 

72 

17 

Amoy, 

ll 

300 

... 

Australia,  . 

Cockatoo  Island,  . 

306 

58 

20-6 

U 

Morts,  in  Water- 
view  Bav, 

345 

75 

19 

Rio  Janeiro, 

Cobras  Island, 

301 

70 

28 
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SPANISH  DOCKYARDS. — The  Spanish  government,  in  the  middle 
of  the  eighteenth  century,  saw  the  importance  of  adapting  its  naval 
arsenals  to  the  large  vessels  in  course  of  construction  at  that 
period,  and  thus  at  Ferrol  (Galicia),  at  Cadiz  (Andalusia),  and  at 
Carthagena  (Murcia),  naval  arsenals  were  executed  superior  to  those 
of  other  countries.  That  of  Ferrol  is  formed  by  a  rectangular 
inclosure,  350  feet  long  and  1200  feet  broad,  having  a  water  surface 
of  100  acres.  The  entrance,  750  feet  wide,  with  6  feet  depth  of 
water.  Several  dry  docks  aud  building  slips  are  on  the  west  side  of 
the  basin.  The  principal  steam  factory  in  Spain  for  the  manufac¬ 
ture  and  repair  of  marine  engines  is  established  at  this  arsenal. 

The  artificial  harbour  of  Carthagena  consists  of  a  basin  700  feet 
by  1050  feet,  with  docks  and  building  slips  and  timber  ponds.  For 
the  requirements  of  a  naval  arsenal  it  was  superior  to  any  thing  of 
the  time,  but  the  rapid  decline  of  the  Spanish  fleet  soon  left  these 
magnificent  establishments  to  fall  into  decay,  and  it  is  only  within 
the  last  few  years  that  efforts  have  been  made  to  restore  them  to 
meet  the  requirements  of  the  age.  It  is  for  these  two  ports  that  the 
iron  floating  docks  have  been  constructed,  of  which  we  give  a 
description  further  on. 

DIFFERENT  MODES  OF  DRY  DOCKING  SHIPS. — When  vessels 
were  only  made  of  small  size,  the  old  process  of  careening  or  beach¬ 
ing  was  found  to  answer  all  purposes  for  cleaning  ships’  bottoms ; 
but  the  enormous  length  and  the  great  size  of  modern  vessels 
make  this  a  dangerous  and  impracticable  mode  of  performing  the 
operation.  Hence  some  more  feasible  means  have  been  adopted, 
such  as  the  inclined  slip,  the  ordinary  graving  dock,  and,  more 
recently,  the  hydraulic  lift  and  floating  dock.  An  example  of  the 
inclined  slip  may  be  illustrated  by  the  one  at  Alexandria,  made 
by  Mr.  Richard  Galloway  for  his  Highness  Said  Pasha ;  of  graving 
docks,  those  recently  made  at  Toulon  by  the  French  Government; 
of  the  hydraulic  lift  dock,  the  one  made  by  Mr.  Edwin  Clarke 
for  the  Victoria  Docks ;  and  of  floating  docks,  those  constructed  by 
Messrs.  Rennie  for  the  Spanish  Government. 

THE  MORTON  PATENT  SUP  in  course  of  construction  under 
the  direction  of  Richard  Galloway  for  Said  Pasha  at  Alexandria,  is 
capable  of  drawing  out  of  the  water  a  ship  of  3000  tons.  The  inven¬ 
tion  of  the  patent  slip  is  due  to  Mr.  Thomas  Morton  of  Leith,  and 
found  to  be  a  most  useful  means  of  examining  ships.  The  plan  of 
hauling  up  inclines  is  perhaps  the  oldest  mode  known  of  getting 
vessels  out  of  the  water,  but  the  application  of  small  wheels  and 
machinery  for  hauling  up,  which  much  facilitates  the  process  by 
diminishing  the  friction,  is  entirely  due  to  Mr.  Morton ;  but  it  is 
doubtful  whether  the  liability  of  the  wheels  either  to  stick  or  break 
will  not  always  limit  its  use  to  small  vessels  only.  These  slips  for 
vessels  of  from  300  to  600  tons  have  been  fitted  up  at  several  English 
and  some  foreign  ports,  that  at  Trieste  being  for  vessels  of  1200  tons. 

No.  2669,  Class  12 — Mr.  R.  Duncan  has  an  improved  slip  cradle 
and  ratchet  supports,  which  received  honourable  mention.  Mr. 
Thomas  White  has  adapted  to  patent  slips  an  arrangement  of 
hydraulic  machinery,  whereby  a  continuous  heaving-up  motion  is 
obtained.  This  for  large  vessels  is  of  importance.  One  for  hauling 
up  vessels  of  2000  tons,  we  understand,  is  being  made  for  Bermuda. 

THE  GRAVING  OR  DRY  DOCK  is,  perhaps,  the  simplest  mode 
yet  known  for  dry  docking ;  for  after  the  ship  is  once  floated  in,  and 
the  water  run  or  pumped  out,  she  is  perfectly  safe  from  accidents. 
The  docks  recently  made  at  the  port  of  Toulon,  called  the  docks  of 
Castigneau,  are  fair  examples.  Models  of  three  new  docks  of  the 
following  dimensions  are  to  be  seen  in  the  French  department  of 
civil  engineering : — 


No.  1. 

Total  length  at  top,  .  336-69  ft. 

“  “  at  bottom,  .  295-2  “ 

Breadth  of  entrance  at  top,  72-16  “ 
“  at  bottom,  52‘45  “ 
Height  of  water  in  sill,  .  30'16  “ 


No.  2.  No.  3. 

396-88  ft.  545-792  ft. 

340-  “  509-056  “ 

72-16  “  72-16  “ 

52-45  “  52-45  “ 

31-65  “  31-65  “ 


TOULON  DOCKS. — The  novelty  in  the  construction  of  these  docks 
is,  that  the  dams  are  formed  of  concrete  or  Beton. 

The  Soil  of  the  arsenal  of  Toulon  is  mud,  resting  upon  a  stratum 
consisting  of  lumps  of  chalk,  clay,  and  gravel,  which  goes  by  the 
name  of  safre.  It  is  of  a  very  porous  nature,  and  allows  the  water 
in  the  substratum  to  pass  freely  through  when  a  deep  excavation  is 
made  in  it :  consequently  it  is  impossible  to  make  masonry  watertight 
from  the  abundance  of  the  springs. 

System  of  Construction. — Recourse  was  had  to  dredging  machines 
for  the  excavation  of  the  dock  to  a  depth  of  50  feet,  in  order  to  form 
a  large  basin  of  concrete  by  means  of  immersion,  pumping  out  the 
water,  allowing  the  beton  or  concrete  to  dry,  and  then  laying  down 
the  masonry. 

Order  of  Works  after  Excavation. — Piles  driven  in  at  6-56  feet 
apart,  to  form  a  rectangular  inclosure,  open  only  on  the  side  of  the 
basin  of  the  arsenal ;  forming  a  scaffolding  all  round  the  excavation; 
formation  of  a  casing  by  means  of  boards  nailed  to  the  piles  of  the 
inclosure,  and  then  taking  out  the  liquid  mud. 

Immersion  of  beton  (composition  of  one  cubic  metre  of  beton, 
•8  cubic  metre  of  broken  stones,  -53  cubic  metre  of  mortar,  mixture  ot 
mortar,  400  kilogrammes  of  hydraulic  lime  of  Theil,  in  powder,  to 
one  cubic  metre  of  sand)  to  form  a  bottom  of  16’4  feet  in  thickness, 
101*68  feet  in  breadth,  and  of  the  whole  length  of  the  dock — taking 
out  the  mud  with  great  care  by  means  of  pumps  and  scoops. 

Placing  vertical  piles  in  holes  made  for  that  purpose  in  the  beton 
bottom,  forming  an  interior  casing,  16-4  feet  distance  from  the 
exterior  one,  and  also  for  transversal  casings,  subdividing  the  in¬ 
closure  into  three  equal  parts.  Immersion  of  beton  between  the 
casings,  for  moulding  the  exterior  and  transversal  walls,  after  with¬ 
drawing  of  the  mud  with  the  same  care  as  before ;  allowing  the 
beton  one  year  to  dry,  and  afterwards  removing  the  planks,  scaffold¬ 
ing,  and  piles. 

Emptying  in  succession  the  three  portions  of  the  inclosure, 
taking  out  the  interior  casing,  cleaning,  and  making  a  good  bottom 
with  bricks  and  cement.  Execution  of  the  masonry  of  the  interior 
slope,  the  altar-courses,  slips,  steps,  &c.,  after  the  demolition  of  the 
two  transverse  walls,  laying  down  iron  suction-pipes,  and  sluices  for 
the  introduction  of  water. 

The  construction  of  an  interior  counterfort  of  masonry  at  32  8 
feet  distance  from  the  exterior  wall  of  beton,  reducing  this  latter 
wall  to  6-56  feet  in  thickness,  and  shoring  it  up  against  the  masonry 
wall.  The  introduction  of  water  between  the  walls,  destruction  of 
the  beton  wall  by  blasting,  putting  the  iron  caisson  into  its  proper 
place,  pumping  out  the  water  between  this  caisson  and  the  interior 
wall,  and  pulling  down  this  latter  wall. 

The  Actual  Condition  of  the  Works. — No.  1  is  finished  and  in 
use.  No.  2,  nearly  finished ;  the  temporary  beton  walls  in  course  of 
destruction.  The  two  first  sections  of  No.  3  are  dry,  and  the 
bottom  in  course  of  being  made  good. 

Expense. — No.  1  cost  £80,000;  No.  2,  although  65- 6  feet  longer, 
will  cost  about  the  same ;  No.  3  will  cost  about  £120,000. 
All  these  works  have  been  executed  from  the  designs,  and  under  the 
direction  of  M.  Noel,  inspector-general  of  Ponts  Chaussees,  by  M. 
Callaman. 

The  almost  universal  construction  of  iron  ships,  even  for  war 
purposes,  and  their  liability  to  become  foul  so  much  sooner  than 
copper-bottomed  ones,  has  directed  attention  to  the  readiest  way  of 
docking  ships,  and  hence  we  see  many  more  models  of  hydraulic 
and  floating  docks  in  the  English  department  of  this  Exhibition  than 
in  that  of  1851 ;  but  as  these  mostly  consist  either  of  lifts  by  a  direct 
pull  out  of  the  water,  or  by  a  pontoon  or  pontoons  placed  under  the 
vessel  to  be  lifted,  amongst  the  numerous  projects  exhibited  we 
shall  confine  our  remarks  to  the  only  two  which  have  been  con¬ 
structed,  namely,  the  hydraulic  lift  at  the  Victoria  Docks,  and  the 
iron  floating  docks  made  for  the  Spanish  Government. 
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CLARK'S  HYDRAULIC  LIFT. — This  Lift  is  situated  at  the  east 
end  of  the  south  shore  of  the  Victoria  Docks  in  the  river  Thames.  It 
consists  of  an  excavated  channel  of  about  300  feet  long  and  about 
CO  feet  broad,  on  each  side  of  which  16  cast-iron  columns  5  feet 
diameter  are  sunk  about  12  feet  into  the  ground  20  feet  from  centre 
to  centre.  At  the  bottom  of  the  column  there  is  a  hydraulic  press 
or  rather  lift.  The  diameter  of  the  ram  is  10  inches  with  a  travel  of 
about  25  feet.  On  the  top  of  the  piston  or  ram  a  wrought-iron  cross 
head  is  fitted,  from  which  iron  links  are  suspended  and  connected  with 
a  cast-iron  girder,  one  on  each  side  of  the  column,  so  that  there  are 
sixteen  coupled  girders  of  about  60  feet  long  and  20  feet  apart,  each 
couple  being  suspended  and  lifted  by  two  hydraulic  rams  or  pumps. 
On  the  top  of  these  girders  a  pontoon  is  placed  of  the  requisite  length. 
These  pontoons  vary  from  150  feet  to  320  feet  in  length,  and  are 
59  feet  broad.  The  smaller  are  placed  on  eight  sets  of  coupled 
girders,  and  the  larger  on  the  whole  sixteen.  They  are  made  of 
sufficient  depth  for  stiffness,  and  in  order  to  give  the  required  dis¬ 
placement,  so  that  when  empty  they  have  buoyancy  enough  to  keep 


and  vessel  are  lifted  out  of  the  water,  and  the  water  in  the  pontoon 
allowed  to  escape  by  valves.  When  empty  the  valves  are  closed, 
the  girders  lowered,  and  the  pontoon  left  to  bear  the  whole  weight 
of  the  vessel,  and  to  be  moved  into  any  suitable  position.  To  give 
greater  accommodation  Mr.  Edwin  Clark  arranged  a  system  of 
shallow  docks  eight  in  number,  communicating  with  a  shallow  basin 
of  about  500  feet  square,  into  one  of  which  the  pontoon  has  to  be 
floated.  The  space  occupied  by  the  docks  and  basin  is  about  25 
acres.  Many  vessels  have  been  already  lifted  and  repaired  in  this 
manner,  the  largest  of  which,  the  Calcutta,  is  of  1800  tons  burthen. 

The  next  works  of  importance  are  the  iron  floating  docks  of 
Messrs.  Rennie,  exhibited  in  Class  10,  No.  2334,  and  Class  12,  No. 
2710,  to  which  was  awarded  a  prize  medal.  They  were  constructed 
for  the  royal  Spanish  naval  arsenals,  after  the  designs  and  patent  of 
Mr.  G.  B.  Rennie,  the  one  in  Class  10  for  the  port  of  Ferrol  on  the 
Atlantic,  Plate  13,  and  the  other  in  Class  12  for  the  port  of  Cartha- 
agena  in  the  Mediterranean.  These  are  the  first  docks  made  of  iron, 
and  serve  the  same  purpose  as  the  ordinary  graving  docks. 


Fig.  300. 


Clark’s  Hydraulic  Lift  at  the  Victoria  Docks,  Blackball, 


the  vessel  well  out  of  the  water.  The  pistons  or  rams  are  worked 
by  a  pair  of  horizontal  engines  made  by  Messrs.  Easton  &  Amos. 
These  engines  are  on  the  expansive  condensing  principle,  with  one 
high  pressure  cylinder  of  23  inches  diameter  and  2  feet  stroke,  and 
two  expansion  cylinders  of  32J  inches  diameter  with  the  same  stroke. 
The  steam  expands  from  the  small  cylinder  into  the  two  larger 
ones ;  pressure  of  steam  per  square  inch  50  pounds,  indicated  horse¬ 
power  120.  The  engines  work  12  hydraulic  force  pumps  of  1  ‘96 
inches  diameter  and  2  feet  stroke  in  three  groups,  viz.,  two  groups 
of  3  and  one  of  6  pumps.  The  amount  of  pressure  obtained  is  28 
cwt.  per  circular  inch,  equal  to  about  4000  pounds  per  square  inch. 
From  these  pumps  the  water  is  discharged  through  wrought-iron 
pipes  half  inch  internal  diameter  and  one  inch  external,  and  above 
10,000  feet  in  length. 

The  following  is  the  manner  of  docking  a  vessel : — The  girders 
with  the  pontoon  upon  them  are  allowed  to  sink  to  the  depth 
required  for  the  particular  vessel  to  be  docked.  She  is  then  hauled 
over  the  pontoon  and  on  to  the  blocks,  and  shored  or  rather  wedged 
up  by  movable  bilge  blocks  instead  of  breast  shores.  The  pontoon 


The  model  exhibited  in  Class  10  is  on  a  scale  of  one  inch  to  a  foot, 
or  one-twelfth  of  the  actual  size ;  but  as  space  sufficient  to  display  its 
entire  length  was  not  allotted  3-llths  of  it  only  are  exhibited — 1-11  th 
of  which  shows  the  internal  construction,  the  girders  and  framing, 
pumps,  engines,  sluices,  and  pipes;  1-1 1th  the  external  plating, 
and  the  other  1-1 1th  the  deck  planking,  keel-blocks,  fenders,  cap¬ 
stans,  mooring  rings,  &c.  The  total  length  of  this  dock  is  350  feet ; 
the  breadth  of  the  base  105  ;  the  height  from  the  floor  to  the  deck 
of  the  side  walls  37  feet  6  inches.  Thus,  allowing  5  feet  for  the  keel- 
blocks,  and  2  feet  6  inches  between  the  top  and  the  highest  water 
level,  there  remains  30  feet  depth  of  water  for  the  admission  of  ships. 
The  total  displacement  of  water  by  the  base  is  13,000  tons,  the 
weight  of  the  whole  dock  about  5000,  thus  leaving  a  surplus  of  8000 
tons  for  lift.  The  dock  is  constructed  in  the  following  manner : — 
The  section  shown  in  Plate  13  is  that  of  the  whole  length  of  a 
dock,  and  is  composed  of  plate,  angle,  and  T-iron,  riveted  together 
so  as  to  form  one  structure.  The  base  or  pontoon  of  the  above  is 
12  feet  6  inches  deep,  divided  into  two  compartments  by  a  water¬ 
tight  bulk-head  running  the  whole  length  of  the  dock.  Each  of 
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these  is  subdivided  into  smaller  compartments  by  ten  transverse 
bulk -heads,  forming  eleven  watertight  chambers  on  each  side.  The 
side  walls  are  also  divided  by  a  similar  number  of  transverse  bulk¬ 
heads.  The  upper  part  of  the  side  walls  is  composed  of  air-tight 
chambers  of  a  capacity  rather  exceeding  a  volume  of  water  whose 
weight  is  equivalent  to  that  of  the  dock.  These  serve  the  purpose 
of  preventing  the  dock  sinking  below  a  certain  level.  The  base  is 
again  divided  and  strengthened  by  open  lattice  girders  of  an  I  form, 
of  a  length  equal  to  the  breadth,  and  depth  equal  to  the  depth  of 
the  base  or  pontoon.  They  are  about  5  feet  apart.  On  commenc¬ 
ing  the  work  two  of  these  girders  were  tested  with  a  weight  of 
200  tons  without  any  perceptible  deflection.  The  base  is  further 
strengthened  longitudinally  by  a  system  of  diagonal  bracing.  There 
are  thus,  including  the  outside  plating,  nine  elements  of  strength  in 
a  longitudinal  direction  in  order  to  distribute  any  inequality  of 
weight  that  may  cccur  through  irregularity  in  the  keel  or  weight 


reduced  in  speed  in  the  proportion  of  2  : 1  by  means  of  gearing. 
Four  powerful  capstans  and  mooring  bollards  are  fixed  at  each  end 
of  the  dock  for  moving  or  mooring  it  ad  libitum. 

The  dock  is  worked  as  follows : — Suppose  it  empty,  and  the  floor 
well  above  the  level  of  the  water,  the  sluices  at  the  side  are  gradually 
opened,  and  water  allowed  to  flow  into  the  different  compartments. 
The  dock  will  then  commence  sinking,  care  being  taken  by  watching 
the  guages  so  to  regulate  the  supply  of  water,  that  it  may  sink 
uniformly  and  gradually.  When  the  dock  is  sufficiently  deep  to 
take  in  the  required  vessel  the  sluices  are  closed,  the  vessel  hauled 
over  the  keel-blocks  and  the  breast  and  other  shores  applied,  while 
the  engines  are  set  to  work  to  pump  the  water  out.  Thus  for  every 
ton  of  water  pumped  out,  one  ton  of  dock  and  ship  is  lifted.  This 
operation  is  continued  until  the  floor  of  the  dock  is  well  out  of  the 
water,  as  shown  in  the  illustration,  fig.  301.  Painting,  examination, 
or  repairs  can  then  be  performed  with  facility.  The  manifest  advan- 


Fig.  SOI. 


Rennie’s  Floating  Dock,  constructed  for  the  Spanish  Naval  Arsenal. 


of  the  ship.  The  floor  of  the  dock  is  covered  with  3-inch  teak 
planking,  upon  which,  supported  by  every  third  girder,  is  a  solid 
teak  beam  of  two  feet  square,  running  from  side  to  side.  These 
beams  support  the  keel-blocks  and  movable  bilge  blocking-pieces, 
with  rack  and  pawl.  On  the  middle  of  the  intermediate  girders  the 
ordinary  keel-blocks  are  fixed. 

The  Arrangement  for  Sinking,  Filling,  and  Pumping  out. — On 
either  side  of  the  dock,  near  the  centre  at  the  bottom,  are  two  large 
sluices.  These  admit  the  water  into  a  small  reservoir  or  distributing 
chamber,  from  which  wrought-iron  pipes  1  foot  6  inches  diameter 
lead,  one  to  each  compartment.  These  pipes  have  sluices  or  cocks 
fitted  to  them,  which  are  worked  by  hand  from  the  top  of  the  dock, 
so  as  to  be  always  available  and  capable  of  regulation  by  the  man 
in  charge.  The  depth  of  water  in  each  compartment  is  determined 
by  an  ordinary  guage.  Four  pumps  are  placed  on  each  side, 
having  2  feet  9  inch  stroke,  and  26  inches  in  diameter,  and 
worked  by  a  pair  of  high  pressure  steam  engines,  with  cylinders  of 
1 8  inches  diameter  and  2  feet  stroke  of  piston.  The  pumps  are 


tages  of  this  arrangement  over  the  hydraulic  lift  dock,  or  other 
species  of  floating  dock,  is — First,  the  adaptation  of  breast  shores, 
which  those  accustomed  to  docking  large  vessels  well  know  the 
importance  of  for  steadying  ships  when  they  begin  to  rest  on  the 
keel-blocks.  Secondly,  the  longitudinal  stiffness  obtained  by  the 
side  walls,  so  that  any  undue  pressure  arising  from  irregularity  in 
the  keel  of  the  vessel  is  thereby  counteracted,  the  height  of  keel- 
blocks  being  regulated  as  usual  by  wedging  up.  Thirdly,  the  facility 
of  moving  the  dock,  should  it  be  required.  Fourthly,  the  simplicity 
of  the  action  of  the  dock,  and  its  non-liability  of  getting  out  of 
order.  Fifthly,  entire  independence  of  the  rise  and  fall  of  the  tide, 
and  thus  ready  for  docking  or  undocking  at  any  moment.  Suppose, 
for  instance,  either  from  action  in  battle,  or  derangement  of  the  sea 
cocks,  or  of  a  hawser  round  the  screw,  ships  run  into  Spithead, 
Portland,  or  Plymouth,  to  be  docked,  and  have  to  wait  for  the  tides 
as  usual,  serious  inconvenience  might  result;  whereas  if  a  floating 
dock  were  fixed  at.  any  of  the  above-named  or  other  ports,  they 
would  run  in,  and  not  be  required  to  discharge  stores  or  cargo,  and 
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in  two  or  three  hours  be  in  a  position  for  examination ;  and  from 
the  now  universal  introduction  of  steam  for  ships,  these  slight 
derangements,  which  can  be  often  remedied  in  an  hour  or  so,  not 
uufrequently  occur.  Should,  however,  it  be  found  that  a  repair  of 
some  weeks  or  so  would  be  required  for  the  vessel,  the  dock  being 
thus  in  use  would  not  be  available  as  above  described.  To  remedy 
this,  Mr.  G.  B.  Rennie  took  out  a  patent  for  a  floating  basin,  rail¬ 
way,  &c.,  a  model  of  which  is  exhibited  in  Class  12,  and  is  now 
in  course  of  construction  at  Carthagena.  It  is  designed  for  the 
especial  purpose  of  hauling  the  dock  with  the  vessel  upon  it  into 
the  basin,  and  conveying  the  vessel  from  the  dock  on  to  a  horizontal 
slip  or  way,  and  thus  leaving  the  dock  available  for  other  vessels. 

On  the  south¬ 
west  corner  of  Fig.  302. 

the  old  artificial 
basin,  or  wet 
dock,  at  Cartha¬ 
gena, opposite  the 
entrance,  there 
were  a  series  of 
timber  ponds. 

On  this  site  the 
basin  is  con¬ 
structed,  which 
is  well  protected 
by  Mount  Geleras 
and  the  fort  on 
the  top  at  the 


ment,  as  adopted  at  Carthagena,  and  that  is,  that  all  vessels  for 
the  reserve  which  would  be  otherwise  laid  up  in  ordinary,  and 
afloat,  would  then  be  placed  on  dry  land  on  horizontal  slips  or 
ways,  and  put  under  permanent  sheds  made  of  iron  and  glass,  as 
those  now  constructed  for  building  sheds.  These  sheds,  slips,  and 
ways  may  be  placed  round  a  spacious  wet  dock,  in  which  there  may 
be  a  floating  dock  for  the 
purpose  of  raising  out  of, 
or  lowering  into  the  water 
any  class  of  vessel. 

CRANES,  SHEARLEGS, 

&c. —  Cranes  of  different 


Fig.  303. 


^  // 

Rennie's  Floating  Dock— Plan  of  the  City,  Port,  and  Arsenal  of  Carthagena. 


entrance  of  the  harbour.  The  end  of  the  basin  is  formed  by  a  seg¬ 
ment  of  a  circle  of  320  feet  radius,  being  the  length  of  the  floating  dock. 
The  chord  of  the  segment  is  200  feet ;  the  breadth  of  the  basin  in  a 
line  through  the  centre  from  which  the  curve  is  described  is  134  feet ; 
entrance  to  the  basin,  124  feet  in  width  by  106  in  length.  In  this 
entrance  are  two  grooves  for  a  shifting  caisson.  The  total  depth  of 
the  basin  from  the  copings  of  the  wall  is  17  feet,  the  walls  being 
slightly  battered.  From  the  end  of  the  basin  three  horizontal  slips 
or  ways  are  constructed,  which  radiate  to  the  centre  before  men¬ 
tioned  ;  each  of  these  slips  is  726  feet  long  and  47  feet  broad  at  the 
base.  The  slips  are  constructed  with  two  altar  courses  for  the  purpose 
of  shoring.  The  base  of  the  slips  is  arranged  for  four  lines  of  ways. 

The  bottom  of  the  basin  is  principally  made  of  concrete,  and  is 
laid  with  parallel  rows  of  soft  timber  fixed  to  stones  let  into  the 
concrete.  These  timbers  are  placed  about  13  feet  apart  from  centre 
to  centre,  and  project  about  12  inches  above  the  floor.  When  the 
dock  is  sunk  in  the  basin,  it  rests  on  these  timber  frames. 

When  iron  vessels  have  been  laid  up  in  “  ordinary"  for  some 
months,  their  bottoms  become  so  foul  that  it  takes  considerable  time 
to  get  them  ready  for  service.  This  suggests  another  application 
of  the  floating  dock,  with  the  addition  of  the  last-mentioned  urrange- 


kinds,  such  as  tno  jib 
crane,  traversing  crane, 
and  shearlegs,  are  all 
most  useful  and  necessary 
adjuncts  to  a  naval  arse¬ 
nal  or  docks.  The  earlier 
almost 


Rennie’s  Floating  Dock— Plan  of  Basin,  Slips, 
and  Ways. 


craues  were  almost  en¬ 
tirely  constructed  of  wood,  except  the  machinery,  until  Mr.  Rennie 
introduced  them  of  cast-iron,  which  were  supplied  to  nearly  all 
the  docks  of  his  time.  Wrought-iron  has  now  nearly  superseded 


304. 


Rennie’s  Floating  Docks— Longitudinal  and  Transverse  Vertical  Section. 

cast-iron,  and  entailed  a  new  construction.  Amongst  the 
most  useful  and  well-arranged  are  those  made  according  to 
Mr.  Fairbairn’s  tubular  system,  which  consists  of  a  rectangular 
tube  tapering  from  the  post  upwards,  and  bent  into  a  segmental 
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Kennie’s  Swing  Bridge  over  the  Penfeld,  Brest— Elevation  and  Plan. 


O’’  cross  braces  and  ties,  with  a  diaphragm  of  plate-iron  fixed  trans¬ 
versely  to  the  jib.  The  height  of  the  centre  of  the  jib  from  the 
quay  wall  is  60  feet.  The  overhand  or  plumb  of  chain  is  35  feet 


the  inconvenience  of  a  want  of  communication  between  the  other 
side  of  the  liver  and  Recouvrance,  but  the  importance  of  having  a 
free  passage  for  shipping  was  so  great  that  any  impediment  in  the 


Fig.  306. 


from  quay  wall,  or  50  feet  to  the  centre  of  crane.  The  machinery  is 
fixed  to  the  back,  and  may  be  either  worked  by  hand  or  steam,  the 
engines  and  boilers  serving  as  a  counterweight.  The  hydraulic 
crane  introduced  by  Armstrong  is  a  most  ingenious  and  useful  appli¬ 
cation  of  the  force  of  a  head  of  water.  A  single  man  working  the 
handles  can  swing,  raise,  or  lower  weights  by  means  of  this  crane 
witli  the  greatest  facility.  There  are,  however,  two  disadvantages 
peculiar  to  it,  viz.,  a  low  lift,  and  a  swing  motion  in  one  direction 
only;  but  for  light  goods,  and  when  there  are  several  cranes  on  the 
same  line,  it  is  a  useful  and  a  convenient  form.  It  is  a  question, 
however,  whether  cranes  with  separate  engines  attached  are  not  on 
the  whole  preferable.  A  small  portable  crane  on  the  above  prin¬ 
ciple,  made  by  Chaplin,  is  a  convenient  arrangement ;  one  of  them 
did  good  service  in  transporting  goods  in  the  Western  Annexe  of 
the  Exhibition. 

Shearlegs  is  another  form  of  crane  most  necessary  for  lifting  heavy 
machinery.  One  of  the  best  arranged  is  that  designed  by  Mr.  Robert 
Mallet,  and  erected  at  the  Victoria  Docks  in  1857.  This  crane, 
with  an  overhang  of  84  feet  from  quay  wall,  will  lift  a  load  of 
70  tons.  There  is,  however,  no  steam  power  applied  to  it,  an 
omission  which  might  be  easily  remedied ;  for  when  Messrs.  Penn 
&  Son  fitted  in  the  engine  of  the  Warrior  with  these  shears,  they 
applied  an  ordinary  portable  engine  for  lifting,  which  considerably 
facilitated  the  placing  the  different  pieces  on  board. 

The  traversing  crane,  another  form  introduced  by  Mr.  Rennie  at 
the  West  India  Docks,  is  now  in  general  use  for  all  the  factories, 
and  building  and  repairing  sheds  at  Her  Majesty’s  dockyards  and 
arsenals.  They  are  now  not  unfrequently  worked  with  steam  power, 
such  application  diminishing  labour  and  increasing  their  utility. 

SWING  AND  MOVABLE  BRIDGES. — Swing  bridges  are  usually 
made  over  the  entrance  to  basins  or  wet  docks,  and  they  can 
readily  be  removed  when  the  bridge  is  constructed  either  of  one  or 
two  pieces.  In  some  cases  counter-balance  bridges  are  constructed 
of  two  pieces,  revolving  on  pivots  and  rollers.  Those  of  the  West 
India  Docks,  made  of  cast-iron,  served  as  models  for  some  time,  and 
though  wrought-iron  is  now  in  more  general  use  than  cast,  they  are 
still  the  type  of  those  actually  made.  A  good  example  of  this  form  of 
bridge  is  the  one  constructed  over  the  new  citadel  lock  at  the  port 
of  Havre.  It  consists  of  two  wings  97  feet  in  length,  which  move 
simultaneously,  and  can  be  opened  in  about  two  minutes,  and  closed 
in  from  three  to  four.  These  “  wings  ”  are  made  of  plate-iron,  and 
revolve  on  rollers,  and  spindles  in  gun-metal  sockets.  But  the  largest 
and  boldest  example  of  this  kind  of  structure  is  that  recently  com¬ 
pleted  over  the  Penfeld  at  Brest.  The  town  of  Brest  had  long  felt 


form ;  the  lower  part  is  made  straight.  The  strength  of  these 
may  be  calculated  as  a  bent  box  girder.  Cranes  of  this  descrip¬ 
tion.  which  have  borne  60  tons  weight,  may  be  seen  at  Portsmouth 
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and  Keyham  yards.  A  crane  of  somewhat  similar  description  is 
that  in  the  engraving,  fig.  305,  which  was  recently  made  by  Messrs. 
Rennie  for  Woolwich  Dockyard,  to  lift  80  tons  weight — the  largest 
jib  crane,  we  believe,  ever  made.  It  consists  of  two  bent  beams 
joined  together,  the  top  and  bottom  webs  being  united  by  a  system 


Fig.  305. 


2 02  RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 

way  of  a  permanent  bridge  could  not  be  entertained  until  the  plans 
of  Messrs.  Cadiat  &  Oudry  for  a  swing  bridge,  were  approved  of 
and  carried  into  execution  by  Mr.  Mathieu,  engineer-in-chief  of 
Schneider  &  Company  of  Creusot.  This  bridge  consists  of  two 
immense  balanced  girders  resting  on  circular  piers  of  33‘76  feet 
diameter  at  the  top,  situated  on  each  side  of  the  existing  water 
channel,  the  distance  from  centre  to  centre  being  384-02  feet  ;"the 
total  length  of  the  movable  part  of  the  bridge  from  abutment  to  abut¬ 
ment  being570-22  feet.  Thus  each  balanced  girderconsists  of  one  long 
arm  of  192  feet,  and  one  short  or  counter-balance  arm  of  98  feet ; 
the  clear  distance  when  the  bridge  is  opened  being  347-68  feet, 
which  is  the  breadth  of  the  water  channel  at  that  part  of  the  river, 
and  thus  it  offers  no  impediment  to  navigation.  The  height  of  the 
under  side  of  the  centre  of  the  bridge  is  62-8  feet  above  ordinary 
high  water.  The  two  arms  have  a  depth  of  24-22  feet  above  the  piers, 
and  gradually  taper  to  a  depth  of  4-59  feet  at  the  centre  of  the 
bridge,  the  counterbalance  arm  having  a  uniform  depth  of  24-32 
feet.  Each  arm  or  half  of  bridge  consists  of  two  girders  formed  by 
vertical  and  diagonal  trussing  and  bracing,  and  united  by  a  system 
of  horizontal  diagonals.  Each  arm  revolves  on  fifty  rollers  of  1-64 
foot  mean  diameter,  and  1-968  foot  length.  The  diameter  of  the 
ring  is  29  "6  feet.  Total  revolving  weight  about  294 J  tons.  It  is 
understood  that  this  apparatus  alone  cost  £3000.  The  revolving 
motion  is  obtained  by  gearing,  worked  by  means  of  capstans.  In 
calm  weather  it  is  understood  that  only  two  men  are  required  to  each 
arm  to  open  and  shut  the  bridge,  which  can  be  done  in  a  quarter  of 
an  hour.  In  consequence  of  the  probability  of  so  many  rollers  and 
parts  requiring  from  time  to  time  either  adjustment  or  repair,  pro¬ 
vision  is  made  for  lifting  the  bridge  bodily  off  the  rollers  by  means 
of  four  hydraulic  pumps  placed  on  the  top  of  the  piers  under  the 
girders,  which  being  all  united  to  the  same  force  pump  can  at  any 
time  be  lifted  a  few  inches  off  the  rollers. 

The  total  weight  of  iron  used  in  the  reconstruction  of  the  bridge 
is  846J  tons,  the  counterpoise  being  334-8  tons  in  addition.  The 
total  weight  on  each  set  of  rollers  is  therefore  somewhere  about  600 
tons.  About  100  loads  of  timber  were  used  in  making  the  road¬ 
way.  The  following  was  the  cost  of  the  work : — 

Masonry  of  piers  and  abutments,  ....  .£27,919 

Iron  girders,  .......  47,211 

Centres  and  erecting  girder,  .....  4,788 

Accessory  works  to  girders,  .  .  .  .  2,177 

Miscellaneous  expenses, . 2,626 

£84,751 

This  bridge  is  certainly  one  of  the  most  remarkable  engineering 
works  of  the  time,  and,  being  appropriate,  has  a  good  effect. 

As  an  example  in  this  country  of  a  swing  bridge,  we  may  mention 
that  constructed  by  Mr.  Bidder  over  the  entrance  of  the  Victoria 
Docks  for  carrying  the  railway.  It  consists  of  two  plate  girders  of 
varying  depth,  the  longer  being  100  feet,  and  the  shorter  half  of 
that  length. 

DOCK  GATES  AND  CAISSONS.— The  entrance  of  all  graving  docks, 
and  wet  docks  or  basins,  should  be  fitted  either  with  gates  movable 
on  hinges  or  caissons,  called  more  appropriately  in  France  “batteaux 
ports.”  The  gates  until  lately  were  usually  made  of  wood,  but  the 
increased  size  of  dock  entrances  has  rendered  the  substitution  of  iron 
for  them  as  necessary  as  for  ships.  The  first  gates  of  iron  of  any 
size  were  made  in  1823  for  the  dry  dock  entrance  at  Sheerness  of 
63  feet  in  the  clear.  The  heel  and  mitre  posts  are  made  of  iron-cast 
hollow;  to  these  are  fixed  iron  plates,  bolted  and  made  water-tight, 
on  the  outside.  The  inner  sides  are  lined  with  timber.  The  grooves 
on  the  masonry  for  the  heel  posts  are  accurately  cut  to  their  form, 
the  parts  being  afterwards  ground  in  with  emery  powder,  so  as  to  be 
perfectly  water-tight.  Although  this  was  a  tedious  operation,  it  was 
perfectly  successful,  and  is  in  good  order  up  to  the  present  time. 

During  the  construction  great  doubts  were  expressed  by  the  dock¬ 
yard  authorities  as  to  their  resisting  the  action  of  the  sea-water. 

The  introduction  of  wrought -iron  has  much  facilitated  the  con¬ 
struction  of  iron  gates.  Those  of  Keyham  of  85  feet,  of  Southampton 
of  80  feet,  and  of  the  Victoria  Docks  of  80  feet,  are  good  examples. 
These  gates  are  constructed  with  horizontal  plate-iron  ribs,  of  a  dis¬ 
tance  apart  varying  with  the  pressure  of  water,  as  at  Sheerness :  on 
the  outside  plate-iron  is  riveted  to  the  ribs  so  as  to  be  perfectly 
water-tight.  The  lower  part  is  cased  on  both  sides,  and  serves  as 
air  chambers  to  take  the  weight  of  the  gate  off  the  hinges,  or  rather 
pivots.  The  heel  and  mitre  posts  are  of  wood,  which  being  easily 
attached  to  the  wrouglit-iron  plating,  can  also  befitted  without  much 
difficulty  to  the  masonry  grooves.  Dock  gates  are  usually  opened 
by  capstans  and  chains,  but  in  some  cases  an  hydraulic  apparatus 
invented  by  Armstrong  has  been  applied. 

No.  1251  French  catalogue,  is  a  model  of  the  two  pairs  of  gates 
constructed  in  1856  and  1858  for  the  entrance  to  the  port  of  St. 
Nazaire  (Loire  Inferieure).  The  width  of  this  entrance  is  82  feet, 
depth  of  gates  32-8  feet.  Each  gate  is  constructed  of  two  pieces  of 

52'5  feet  long;  thickness  of  the  gates  at  the  posts,  2  feet,  and  at  the 
middle  5'25  feet.  They  are  constructed  with  sixteen  horizontal 
wooden  ribs,  strengthened  with  brackets,  straps,  and  bolts.  Thirteen 
of  these  ribs  are  14  inches  thick,  placed  one  above  the  other  to  a 
height  of  15-9  feet  from  bottom  of  the  gates.  The  other  three  are  16 
inches  thick,  and  placed  3  feet  1  inch,  3  feet  2  inches,  and  6  feet  7 
inches  respectively.  There  are  no  actual  heel  or  mitre  posts.  The 
ribs  run  the  whole  length  of  the  gate,  the  ends  being  simply  rounded 
and  covered  with  plate-iron.  The  outside  of  the  gates  is  of  plate-iron 
fixed  to  the  wooden  ribs';  4-inch  planking  lines  the  grooves  of  the 
heel  posts  in  order  to  make  them  water-tight.  The  advantages  of 
gates  so  made  are  stated  to  be,  the  suppression  of  the  large  timbers 
required  for  the  heel  and  mitre  posts,  which  are  often  very  difficult 
to  obtain,  and  the  doing  away  with  the  tenoning  of  the  ribs  into  the 
posts,  at  which  places  rot  first  commences.  The  gates  of  1856  were 
made  of  Dantzic  fir,  those  of  1858  of  pitch  pine.  The  total  cost  of 
these  latter  is  stated  to  be  £7698.  Although  this  mode  is  doubtless 
superior  to  that  of  ordinary  wooden  gates,  it  is  vastly  inferior  to  the 
gates  made  in  this  country,  whether  of  cast  or  wrought-iron ;  the 
cost,  being  besides,  considerably  in  excess :  those  of  the  Victoria  Docks 
of  only  2  feet  less  opening  cost  £4500. 

CAISSONS  OK  BATEAUX  PORTS  are  often  found  more  convenient 
for  the  entrance  of  docks  than  gates,  taking  up  less  space  and  being 
more  easily  opened.  The  earliest  were  made  of  wood,  and  are  said 
to  have  been  first  proposed  to  the  Admiralty  by  General  Bentham  in 
1798,  for  the  entrance  of  the  great  basin  at  Portsmouth,  where  they 
were  eventually  adopted  and  caissons  used  for  the  first  time,  12th 
January,  1801.  They  are  now  made  of  wrought-iron,  of  a  ship-like 
form,  so  balanced  to  give  the  requisite  stability,  that  when  filled 
with  water  they  may  sink  into  the  grooving  in  the  masonry  made  for 
that  purpose,  and  be  readily  removed  by  pumping  out  the  water. 

Mr.  William  Scamp,  of  the  Admiralty,  has  introduced  in  some  of 

Her  Majesty’s  dockyards  an  improvement,  by  adopting  a  permanent 
air-tight  chamber  somewhat  above  the  ballast  at  the  bottom,  and  a 
water  tank  at  the  top,  which  may  be  filled  with  water  direct  from 
the  main  supply  to  the  dockyard,  or  by  pumping.  By  this  arrange¬ 
ment  much  less  water  than  in  the  ordinary  system  requires  to  be 
let  in  or  pumped  out.  The  largest  caisson  (Class  12)  that  has  been 
made  is  that  designed  and  constructed  by  the  Messrs.  Renuie  some 
two  years  ago  for  the  Imperial  Royal  Austrian  port  of  Pola.  This 
caisson  is  for  the  purpose  of  closing  the  entrance  to  the  newly-con¬ 
structed  basin,  which  is  128  feet  broad.  It  is  formed  of  plate-iron 
of  elliptical  horizontal  sections.  The  sides  are  joined  together  by 
means  of  plate-iron  decks  and  diagonal  framing.  In  Class  12  is 
also  exhibited  (although  it  does  not  appear  in  the  catalogue)  a  model 
of  the  iron  sliding  caisson  for  Her  Majesty’s  dockyard  at  Malta,  by 
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Messrs.  Fairbairn  &  Company.  The  length  of  upper  part  is  74  feet 
that  of  the  lower  51  feet  3  inches,  width  9  feet,  depth  29  feet,  with 
air  chambers  of  sufficient  capacity  to  float  the  caisson  in  25  feet  of 
water,  leaving  it  3  inches  clear  of  the  grooves,  with  6  inches  water 
in  the  tanks.  These  caissons,  or  rather  sliding  gates,  are  of  different 
construction  to  those  usually  made.  Instead  of  being  of  a  ship¬ 
like  form,  they  have  parallel  sides.  A  recess  is  made  in  the  masonry, 
into  which  the  caisson  is  hauled  in  lengthwise  when  taken  out  of  the 
grooves.  The  first  on  this  principle  was  designed  by  Mr.  Scamp 
for  the  new  basin  of  Keyham  yard,  and  is  convenient  for  similar 
localities. 

STEAM-BOAT  LANDING-STAGES. — The  increase  in  the  number 
of  river  steamers  has  necessitated  an  improvement  in  the  means  of 
landing,  and  especial  provision  has  to  be  made  for  tidal  rivers. 

In  Class  12  is  a  model  of  the  floating  stage  constructed  after  the 
designs  of  the  late  Sir  William  Cubit  for  the  port  of  Liverpool  on  the 
river  Mersey.  It  has  a  superficial  area  of  7307  square  feet,  length 
802  feet,  breadth  60  feet,  draft  of  water  3  feet,  displacement  3000 
tons  ;  weight  of  the  ironwork  2700  tons,  and  timber  85,000  cubic 
feet.  It  is  composed  of  sixty-three  rectangular  pontoons  placed  side 
by  side,  twelve  of  which  are  96  feet  and  fifty-one  80  feet  in  length, 
with  a  uniform  depth  of  5  feet,  and  10  feet  in  breadth,  with  the 
exception  of  the  two  end  ones,  which  are  12  feet.  They  support  five 
hollow  beams  on  which  the  deck  is  fixed,  and  connected  with  the 
shore  by  two  bridges  of  about  1 13  feet  long.  The  bridges  consist  of 
two  hollow  plate  girders  which  support  a  tramway  and  foot-paths. 

The  landing  stages  on  the  river  Thames  until  very  lately  were  old 
barges  or  vessels,  when  the  Conservators  of  the  river  under  Captain 
Burstall’s  direction  took  the  matter  in  hand,  and  after  the  designs  of 
their  engineer,  Mr.  Stephen  Leach,  caused  some  useful  and  appro¬ 
priate  landing  stages  to  be  constructed  at  Lambetb,  St.  Paul’s,  All 
Hallow’s,  &c.  These  mostly  consist  of  one  or  two  Bow  and  Tie 
girder  bridges,  one  end  fixed  to  a  quay  wall  on  the  shore,  and  the 
other  on  a  pair  of  piles;  and  from  this  pier  a  bridge  which  is 
capable  of  adjustment  to  the  rise  and  fall  of  the  tide  by  sliding  or 
rolling  on  pontoons.  The  most  recent  one  is  that  of  All  Hallow’s, 
which  has  been  constructed  by  Messrs.  Rennie  &  Sons  after  Mr. 
Leach’s  design.  The  bridges  are  constructed  of  iron,  with  two 
Bow  and  Tie  girders,  united  at  the  bottom  by  the  road-way. 
The  length  of  the  fixed  bridge  is  96 '6  feet,  depth  of  girder 
6  feet,  and  width  11  feet;  that  of  the  two  small  or  self-adjusting 
bridges  being  73  feet  by  5  feet  6  inches.  The  landing  stage 
is  made  of  three  pontoons  of  a  total  length  of  280  feet  which 
rises  and  falls  between  dolphin  piers.  The  pier  itself  is  made  of 
wooden  piles. 

Having  now  described  some  of  the  principal  engineering  works 
of  harbours,  docks,  &c.,  models  of  which  have  been  sent  to  the 
Exhibition  of  1 862,  we  may  say  in  conclusion  that  we  have  found 
it  necessary  to  dwell  more  especially  on  those  of  the  French  Depart¬ 
ment,  not  only  from  the  number  and  excellence  of  the  models, 
but  from  the  ample  information  furnished  respecting  them  by  the 
French  Government,  although  many  works  doubtless  of  equal  import¬ 
ance,  and  perhaps  more  numerous,  have  been  executed  in  this  as  well 
as  in  other  countries.  We  would  call  attention  in  particular  amongst 
those  described  to  the  method  of  constructing  dams  of  concrete  at 
Toulon,  to  the  breakwater  at  Marseilles,  to  the  swing  bridge  at  Brest, 
and  to  the  floating  docks  for  Spain.  The  two  first  are  remarkable 
from  the  extensive  adoption  of  concrete  both  for  temporary  works 
as  at  Toulon,  and  for  permanent  works  as  at  Marseilles,  where  by  the 
substitution  of  large  artificial  for  natural  blocks  of  smaller  size,  a 
breakwater  has  been  made  of  a  less  slope,  and,  therefore,  at  a  less 
cost.  The  third  affords  the  advantages  of  a  bridge  of  great  space 
capable  of  opening  and  shutting  without  materially  interfering 
with  the  navigation  on  the  river,  and  at  a  comparatively  small  cost ; 
and  the  last,  from  the  facility  afforded  for  docking  ships  of  any  size 


with  economy,  security,  and  expedition,  and,  being  applicable  to  all 
harbours,  natural  or  artificial,  cannot  fail  sooner  or  later  to  become 
very  generally  adopted  both  at  home  and  abroad. 


5  LIGHTHOUSES  AND  BEACONS. 

By  W.  J.  Macquorn  Rankine,  C.E.,  LL.D.,  F.R.S., 
Professor  of  Civil  Engineering  and  Mechanics,  Glasgow  University. 

subject  of  Lighthouses  and  Beacons 
is  one  of  a  complex  description, 
belonging  at  once  to  Civil  Engineer¬ 
ing,  Mechanism,  and  Practical 
Optics.  Hence,  although  the  num¬ 
ber  of  articles  which  illustrate  it  in 
the  Exhibition  is  comparatively 
small,  those  articles  present  a  great 
variety  of  characters ;  and  in  order 
to  give  a  clear  idea  of  their  nature, 
it  is  necessary  to  subdivide  them 
with  some  minuteness. 

The  following  is  a  classified 
arrangement  of  the  articles  ex¬ 
hibited,  which  will  be  followed  in  the  ensuing  remarks  and  expla¬ 
nations  : — 

1.  Beacons,  fixed  and  floating.  United  Kingdom,  2661  (4) ;  2661 

(6) ;  2796 ;  2993. 

2.  Light-ships.  United  Kingdom,  2662  (13). 

3.  Lighthouses. 

a.  Towers  of  masonry.  United  Kingdom,  2661  (1) ;  2661  (17); 

2662  (1)  to  (9).  France,  1251  (5). 

n.  Towers  of  iron.  United  Kingdom,  2660.  France,  1251  (32) 

c.  Structures  on  piles.  United  Kingdom,  2662  (10)  (11)  (12). 

4.  Lighthouse  apparatus. 

a.  For  ordinary  lamps.  United  Kingdom,  2661  (2)  to  (16),  (18); 

2876;  2993.  France,  1251  (6)  (7). 

b.  For  the  electric  light.  United  Kingdom,  1985 ;  2914,  also 

entered  as  1886.  France,  1146;  1148. 

1  BEACONS,  FIXED  AND  FLOATING. 

The  display  of  beacons  in  the  International  Exhibition  is  limited 
to  a  very  few  articles.  Of  these  2661  (4)  and  (6)  illustrate  the 
application  of  “apparent  lights,”  and  will  be  further  mentioned 
under  the  head  of  “  Lighthouse  Apparatus.” 

Under  United  Kingdom,  2993,  is  exhibited  by  Messrs.  Wilkins  & 
Co.  a  beacon,  which  forms  a  very  conspicuous  object  in  the  nave  of 
the  building.  It  consists  of  an  iron  stem,  having  at  the  top  a  large 
sphere  made  up  of  iron  hoops.  In  all  probability  it  would  well 
fulfil  the  purposes  of  a  beacon,  in  being  light,  strong,  durable,  easily 
repaired,  and  distinctly  visible  from  a  long  distance. 

United  Kingdom,  2796,  is  a  Refuge  Buoy-beacon  (Fig.  307), 
which  has  been  found  to  succeed  in  practice,  and  is  in  the 
course  of  having  its  use  extended.  The  inventor,  Captain  George 
Peacock,  has  given  the  invention  to  the  world  without  securing  it 
by  a  patent. 

It  consists  mainly  of  a  semi-oval  hull  of  plate-iroD,  A,  with  top- 
sides  and  a  deck,  surmounted  by  a  cage-like  framework  of  iron  bars,  b, 
inside  of  which  is  hung  a  bell  which  is  rung  by  the  rolling  of  the 
buoy.  The  largest  size  of  hull,  adapted  for  standing  a  heavy  sea,  is 
as  follows: — Length  12  feet,  breadth  8  feet  6  inches,  depth  4  feet; 
keelson  2  feet  deep  and  15  inches  broad.  The  frame  carries  on  the 
top  a  three-sided  pyramid,  d,  faced  with  looking-glass,  to  reflect  the 
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rays  of  the  sun  or  moon.  The  hull  has  a  deep  cast-iron  keel  which 
serves  for  ballast,  and  an  internal  keelson  of  timber  through  which 
the  mooring-bolt  passes  at  one-third  of  the  length  of  the  hull  from 
the  large  end.  Inside  the  cage  are  seats  capable  of  holding  fifteen 
persons  in  the  event  of  their  taking  refuge  there  from  a  wreck.  The 
“  sign-plate”  or  label,  c,  gives  the  name  of  the  locality  where  the 
buoy  is  moored. 

2.  LIGHT-SHIPS. 

The  only  model  of  a  light-ship  exhibited  (under  United  Kingdom, 
2662,  by  the  Corporation  of  the  Trinity  House)  illustrates  the  ordinary 
construction  of  that  class  of  vessel,  which  is  built  of  great  strength, 
and  shaped  with  a  view  to  riding  securely  at  its  moorings  in  the 
heaviest  seas,  having  regard  also  to  the  contingency  of  its  possibly 
breaking  loose,  and  having  to  sail  or  to  be  towed  to  a  place  of  safety. 

3.  LIGHTHOUSES. 

The  models  of  lighthouses  exhibited  are  numerous  and  varied,  and 
well  suited  to  illustrate  the  several  forms  and  modes  of  construction 
of  structures  of  that  kind  under  different  circumstances. 

A.  TOWERS  OF  MASONRY. 

Lighthouses  of  this  class  present  two  distinct  characters,  accord¬ 
ing  as  they  are  free  from,  or  exposed  to  the  force  of  storm-waves. 

In  the  former  case,  although  they 
are  important  works,  and  require  to 
be  erected  in  a  permanent  and  solid 
manner,  they  do  not  present  any 
special  engineering  difficulties.  The 
examples  of  these  which  are  illus¬ 
trated  by  the  models  in  the  Exhibi¬ 
tion  show  considerable  variety  of 
design — for  example,  United  King¬ 
dom,  2662  (3)  (4)  (5)  (9),  designed 
by  James  Walker,  Esq.,C.E.,  LL.D., 
and  exhibited  by  the  Corporation  of 
the  Trinity  House — although  they 
all  consist  of  the  same  essential 
parts,  viz.,  light-tower,  stores,  house, 
and  offices,  and  occasionally  a  yard 
and  garden,  if  there  is  sufficient 
space  available.  It  is  otherwise 
with  those  lighthouses  which  stand 
isolated  in  the  sea,  and  have  to 
withstand  the  shock  of  the  waves. 
They  present  examples  of  the  most 
formidable  difficulties  overcome  by 
the  greatest  engineering  skill,  and 
at  the  same  time  a  remarkable  uni¬ 
formity  of  design  prevails  amongst 
them.* 

United  Kingdom,  2662  (1),  ex¬ 
hibited  by  the  Corporation  of  the 
Trinity  House,  represents  the  parent  and  first  model  of  all  structures 
of  this  kind,  Smeaton’s  renowned  Edystone  Lighthouse.  This 
is  one  of  the  few  engineering  works  which  is  truly  and  wholly 
original,  its  design  not  having  been  suggested  by  previous  practice, 
nor  copied  from  any  pattern  in  previously  existing  works  of  human 
skill,  but  conceived  by  the  mind  of  the  engineer  through  his  know¬ 
ledge  of  natural  laws.  The  details  show  no  less  genius  and  boldness 
than  the  general  design;  for  example,  the  courses  of  the  stone- work 
are  rooted  into  the  rock,  and  bound  together  so  as  to  act  like  one 
mass,  by  devices  never  before  employed  in  masonry. 

*  The  Tour  de  Cordouan,  which  is  protected  from  the  waves  by  a  circular 
sea-wall,  forms  a  class  by  itself,  not  represented  in  the  Exhibition  of  18G2. 


Fig.  307. 


Feacock's  Refuge  Buoy-Beacon. 


The  Edystone  Lighthouse  stands  miles  from  land,  on  a  peak 
of  rock,  of  which  a  small  portion  only  is  uncovered  at  high  water  of 
spring  tides :  it  was  begun  on  the  12th  of  June,  1757,  finished  on  the 
17th  of  August,  1759,  and  first  lighted  up  on  the  16th  of  the  fol¬ 
lowing  October,  The  light  is  89  feet  above  low  water  mark,  but 
not  above  the  crests  of  some  of  the  waves  which  break  against  the 
tower.  A  complete  account  of  the  planning  and  execution  of  the 
work  was  written  by  Smeaton,  and  published  in  1791 ;  and  an 
excellent  summary  of  its  history  has  appeared  in  Mr.  Smiles’ 
“  Lives  of  the  Engineers.” 

The  general  principle  of  the  Edystone  Lighthouse  has  been  fol¬ 
lowed  in  all  later  lighthouses  which  are  similarly  placed ;  but 
improvements  have  been  made  in  the  details,  and  in  some  cases 
greater  difficulties  have  been  encountered. 

For  example,  the  Bell  Rock  Lighthouse — United  Kingdom,  2661 
(1),  exhibited  by  the  Commissioners  of  Northern  Lighthouses — 
stands  12  miles  from  land,  on  a  rock  which  is  partly  uncovered  at 
low  water,  and  covered  16  feet  deep  at  high  water  of  spring  tides. 
The  light  is  113  feet  above  low  water  of  spring  tides.  It  was 
commenced  on  the  17th  of  August,  1807,  and  first  lighted  up  on 
the  1st  of  February,  1811.  It  contains  an  improvement  in  the 
construction  of  the  floors,  which  are  made  of  long  flat  stones,  so  as 
to  tie  the  wall  of  the  tower  together;  whereas  the  floors  of  the 
Edystone  Lighthouse  are  vaulted,  and  their  thrust  has  to  be  resisted 
by  circular  chains  built  into  the  masonry.  Much  ingenuity  and  skill 
was  shown  in  the  mechanism  used  during  the  progress  of  the 
building,  which  is  illustrated  in  the  model  exhibited.  A  complete 
description  and  history  of  the  work  is  contained  in  Robert  Steven¬ 
son’s  “  Account  of  the  Bell  Rock  Lighthouse.” 

The  Skerryvore  Lighthouse — United  Kingdom,  2661  (17) — is 
situated  on  the  reef  of  rocks  of  that  name  (properly  “  Sguire-mhor,” 
that  is,  the  Great  Rock)  lying  to  the  west  of  Scotland,  10  miles  from 
the  nearest  inhabited  island,  and  exposed  to  the  full  force  of  the 
Atlantic  Ocean,  the  waves  of  which  sometimes  exert,  during  storms, 
a  pressure  of  6000  lbs.  on  the  square  foot  of  surface.  It  was  com¬ 
menced  in  the  summer  of  1838,  and  first  lighted  up  on  the  1st  of 
February,  1844.  The  light  is  156  feet  above  low  water  mark  of 
ordinary  spring  tides.  The  work  is  fully  described  in  the  “Treatise 
on  Lighthouses  ”  of  Mr.  Alan  Stevenson,  the  engineer  by  whom  it 
was  planned  and  executed. 

The  following  are  dates  and  dimensions  relating  to  various  other 
stone  lighthouses,  designed  and  executed  by  Mr.  Walker  for  the 
Corporation  of  Trinity  House  : — 


No. 

United  Name.  Commenced.  Finished. 

Kingdom. 

2662  (2) . Bishop  Rock.. .July  14,  1852.  Ang.  28,  1857. 

"  (6) . Smalls . .  June  26, 1857.  Jan.  10, 1860. 

“  (7) . Needles . July  2,  1657.  July  1,  1858. 

“  (8) . Uanois . Aug.  15,  1860 . 


Height  of 
Lighted,  light  above 

L.  W.  M. 

Sept.  1,1858.  110  ft. 

Aug.  1,1860.  146“ 

Jan.  1,  1859.  84  “ 

.  128 " 


The  models  numbered  France,  1251  (5),  represent,  on  a  scale  of 
l-25th  of  the  natural  dimensions,  the  stone  lighthouse  called  “  Phare 
des  Barges.”  It  was  commenced  in  1857,  and  finished  in  1861 ;  and 
is  situated  to  the  westward  of  the  port  of  Sables-d’Olonne,  2100 
metres  (=  1T34  nautical  miles)  from  the  coast,  on  the  rocky  shoal 
called  the  Grande-Barge  d’Olonne.  It  is  exposed  to  the  full  force 
of  the  waves  of  the  Atlantic  Ocean,  which  in  breaking  against  the 
tower,  rise  to  a  height  of  more  than  100  feet  The  peak  of  rock  on 
which  the  lighthouse  stands  rises  about  1^  foot  above  low  water  of 
ordinary  spring  tides  ;  but  at  low  water  of  neap  tides  it  is  covered 
to  the  depth  of  about  2£  feet.  Some  parts  of  the  foundation  of  the 
tower  are  more  than  2  feet  below  low  water  of  spring  tides.  The 
rock  is  extremely  hard  granite,  in  which  the  lowest  course  of  the 
masonry  is  imbedded  to  the  depth  of  about  a  foot.  The  progress 
of  the  work  was  protected  by  a  jetty  11 J  feet  broad,  extending  from 
the  site  of  the  lighthouse  to  the  northward  about  80  yards,  and  a 
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small  spur  at  right  angles  to  that  jetty,  extending  from  near  the  site 
of  the  lighthouse  to  the  eastward.  The  lighthouse  consists  of  a 
tower,  surmounted  by  a  turret,  which  carries  the  lantern.  The 
tower  is  built  of  granite,  the  stones  of  the  face  mortised  and  tenoned 
together;  it  is  39'37  feet  in  diameter  at  the  base,  tapering  with  a 
curved  outline  to  21 '23  feet  at  the  upper  part.  It  rises  to  the  height 
of  81 -4  feet  above  the  mean  level  of  the  rock.  The  door-sill  is 
13T2  feet  above  high-water  mark  of  the  highest  tides;  and  up  to 
that  level  the  tower  is  solid,  with  the  exception  of  a  vaulted  cellar 
10  7  feet  in  diameter,  and  8'86  feet  in  depth,  which  contains  the 
fresh  water-tanks  and  a  store  for  coal,  &c.  Above  the  level  of 
the  door-sill  the  tower  is  hollow,  with  an  internal  diameter  of  11 '48 
feet,  and  is  divided  into  five  stories  by  brick  vaults.  The  walls  are 
4-92  feet  thick  at  the  level  of  the  door-sill,  and  2 '53  feet  thick  at  the 
top  of  the  tower.  The  tower  has  a  strong  cornice  and  parapet  of 
granite.  From  the  centre  of  its  platform  rises  the  turret  6-56  feet 
high,  and  8'2  feet  in  internal  diameter,  which  supports  the  lantern. 
The  internal  diameter  of  the  catadioptric  apparatus  is  3'28  feet, 
and  it  gives  a  white  light  with  red  flashes  every  three  minutes.  The 
two  lower  flights  of  the  stair  are  of  stone  ;  the  upper  flights  of  cast- 
iron.  The  three  upper  stories  of  the  tower  are  wainscoted  with 
oak  ;  the  light  room  is  floored  and  lined  with  marble.  The  windows 
of  the  two  lower  stories  are  of  plate  glass,  *35  inch  thick. 

The  whole  cost  of  the  work  was  450,000  francs  (£18,000),  being 
somewhat  less  than  the  estimate,  which  was  477,317fr.  43c.  It 
was  executed  under  the  direction  and  superintendence  of  members 
of  the  corps  “des  Pouts  etChaussees,”  viz.,  M.  Reynaud,  inspector- 
general,  and  M.  Forestier,  engineer-in- chief ;  and  as  resident  engi¬ 
neers,  at  first  M.  Legros  (at  present  chief  engineer  of  the  port  of 
Boulogne),  and  afterwards  M.  Marin,  with  the  assistance  of  M. 
Jacquet.  The  contractor  was  M.  Chaigneau  of  Sables-d’Olonne. 
(The  preceding  account  is  extracted  from  a  work  relating  to  the 
International  Exhibition  of  1862,  entitled  “  Notices  sur  les  Modeles, 
Cartes  et  Dessins  relatifs  aux  Travaux  Publics,  reunis  par  les  soins 
du  Ministere  de  l’Agriculture,  du  Commerce  et  des  Travaux  Publics.”) 

B.  TOWERS  OF  IKON. 

United  Kingdom,  2660,  represents  the  Fastnet  Rock  Lighthouse. 
The  isolated  rock  off  Cape  Clear,  on  which  this  lighthouse  stands, 
rises  about  90  or  100  feet  above  the  sea ;  yet  during  storms  the 
waves  sweep  over  its  summit.  The  tower  of  the  lighthouse  consists 
principally  of  the  following  parts : — The  shell,  of  cast-iron  plates  ; 
the  hollow  cast-iron  central  column  ;  five  cast-iron  floors,  the  upper¬ 
most  of  which  is  the  platform  at  the  top  of  the  tower,  on  which 
stands  the  lantern ;  a  projecting  cast-iron  gallery,  level  with  the 
platform,  supported  by  cast-iron  brackets,  and  having  a  balustrade  ; 
an  external  iron  stair,  for  access  to  the  doors  on  the  first  floor ;  inter¬ 
nal  iron  stairs  to  connect  the  several  floors ;  a  lining  of  masonry  in 
the  basement,  and  of  brick  in  the  upper  stories ;  and  a  cut  stone 


moulding  round  the  base.  (Fig.  308.) 

The  principal  dimensions  are  as  follows : — 

Ft.  In. 

Height  of  tower  from  the  base  to  the  gallery,  .  .  G3  9 

Height  of  lamp  above  the  gallery,  .  .  .  .  110 

Total  height  of  the  lantern,  .....  30  0 

Outside  diameter  at  base,  over  cut-stone  moulding,  .  23  0 

“  “  over  cast-iron  shell,  .  .  19  0 

“  just  below  the  cornice,  .  .  .  13  11 J 

of  tower  casing  at  light-room  floor,  .  13  8^ 

of  gallery,  to  outer  ends  of  brackets,  .  19  lOj- 

Inside  diameter  of  cellar,  or  basement  story,  .  .  9  0 

“  of  each  of  the  other  four  stories,  .  .  12  0 

Clear  height  of  cellar,  ......  90 

“  of  each  of  the  other  four  stories,  .  .  12  0 

Total  thickness  of  each  floor,  .....  09 


The  cast-iron  shell  is  a  frustum  of  a  cone,  and  is  composed  of 
curved,  oblong,  rectangular  plates,  If  inch  thick  at  the  base  of  the 


tower,  diminishing  gradually  to  g  inch  at  the  top.  The  vertical 
joints  are  continuous,  and  sixteen  in  number,  so  that  there  are  six¬ 
teen  plates  in  the  circum-  pig.  30a 

ference  of  the  shell ;  the 
horizontal  joints  are  so 
arranged  as  to  “  break 
joint ;  ”  the  plates  have 
vertical  and  horizontal 
internal  flanges,  through 
which  they  are  bolted 
together ;  the  bearing 
surfaces  of  those  flanges 
are  accurately  planed. 

The  horizontal  base 
flange,  which  supports 
the  entire  shell,  is  12 
inches  broad  and  2  inches 
thick ;  the  other  flanges 
range  from  6^  to  5  inches 
broad  ;  the  vertical 
flanges  are  of  the  same 
thickness  with  the  plates 
to  which  they  belong ; 
the  horizontal  flanges 
somewhat  thicker.  With 
the  exception  of  eight 
short  plates  at  the  base 
of  the  tower,  and  eight 
at  the  top,  each  plate  has 
an  additional  horizontal 
flange  across  the  middle 
of  its  length.  The  door¬ 
way  and  the  windows  are 
surrounded  by  flanges. 

The  central  column  is 
hollow,  and  exactly 
cylindrical ;  its  internal 
diameter  is  12  inches, 
its  thickness  1  inch ;  the 
weight  which  drives  the 
revolving  light  machinery 
hangs  inside  of  it ;  it  is 
in  lengths  corresponding 
with  the  heights  of  the 
stories,  bolted  together 
through  flanges.  Each 
floor  is  supported  by 
radiating  cast-iron  gird¬ 
ers.  There  are  sixteen 
of  those  girders  in  the 
platform,  and  eight  in 
each  of  the  other  floors ; 
they  are  bolted  to  the 
flanges  of  the  central 
column  and  to  the  verti¬ 
cal  flanges  of  the  shell, 
so  as  to  tie  them  firmly 
together,  except  where 
openings  are  left  for  the 
staircases.  The  girders 
of  each  floor  support  a 
platform  of  cast-iron, 

covered  with  stone  flags.  Fastnet  Rock  Lighthouse— Sectional  Elevation. 

The  lining  of  masonry  and  brick  is  so  built  that  no  part  of  its  weight 
rests  on  any  one  of  the  horizontal  flanges,  except  the  base  flange. 

2  L 
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This  lighthouse  was  built  in  1848,  from  the  design  of  George 
nalpin,  Esq.,  engineer  to  the  Corporation  of  the  Port  of  Dublin. 
The  whole  of  the  ironwork  was  executed  by  Messrs.  John  &  Robert 
Mallet,  Victoria  Foundry,  Dubliu. 

The  set  of  drawings  numbered  France,  1251  (32),  represent,  on 
the  scale  of  l-25th  of  the  real  dimensions,  the  lighthouse  which  is 
to  be  erected  at  Port  de  France,  in  New  Caledonia.  The  light  is 
to  be  about  1G4  feet  above  high-water  mark  of  spring  tides.  The 
lighthouse  is  to  be  made  entirely  of  wrought-iron,  and  is  to  be  carried 
to  its  destination  in  pieces  and  erected  there.  The  objects  aimed 
at  in  designing  it  are  : — To  provide  a  framework,  independent  of  the 
sheet-iron  coating,  and  protected  against  the  corrosive  action  of 
the  sea-air  by  that  coating;  to  reduce  as  much  as  possible  the 
extent  of  surface  liable  to  retain  damp ;  to  facilitate  the  removal, 
when  necessary,  of  any  part  of  the  coating ;  and  to  contrive  the 
whole  structure  so  that  it  can  be  put  together  without  scaffolding, 
and  without  the  use  of  rivets. 

The  framework  consists  principally  of  sixteen  standards,  each 
composed  of  fourteen  diagonally-braced  panels  in  height.  Each 
panel  is  a  frame  of  T-iron,  sufficiently  strong  and  stiff.  Those  panels 
are  bolted  together,  and  are  also  kept  in  their  places  by  horizontal 
pieces,  bolted  to  them  inside  and  out.  The  sheet-iron  coating  is 
bolted  to  the  panels  and  horizontal  pieces,  and  has  covering-strips 
over  its  joints.  All  the  bolts  may  at  a  future  period  be  replaced  by 
rivets,  or  may  be  made  into  rivets.  The  foot  of  each  standard 
rests  upon,  and  is  fastened  by  twenty  bolts  to  a  large  cast-iron  sole 
plate,  which  is  to  be  imbedded  in  a  mass  of  concrete,  rising  1*31 
foot  above  the  solo  plates.  At  the  top  of  each  standard  is  a  cast-iron 
bracket,  to  support  the  overhanging  platform  or  balcony,  which  will 
give  access  to  the  lantern  from  without.  For  the  sake  of  stability, 
the  tower  has  a  considerable  batter,  and  spreads  widely  at  the  base. 
The  enlarged  basement  will  serve  to  contain  lodgings  and  store 
rooms,  lined  and  partitioned  with  brick.  The  stair  is  of  cast-iron, 
with  a  wrought-iron  balustrade.  The  light  apparatus  is  of  the  first 
order. 

The  quantities  of  material  are  as  follows  : — 

Cast  iron,  .  .  97,285  kilogrammes  =  95  tons  nearly. 

Malleable  iron,  .  197,074  “  =  194  “ 

Bronze,  .  .  500  “  =  ^  “ 

Estimated  cost,  205,000  francs  =  £8200. 

The  design  is  by  M.  Reynaud,  inspector-general  of  the  Ponts  et 
Chaussees,  director  of  the  lighthouse  department.  The  work  is 
superintended  by  MM.  Victorin-Chevallier  and  Allard,  engineers- 
in-chief.  The  contractor  is  M.  Rigolet. 

The  preceding  description  is  taken  from  the  work  already  re¬ 
ferred  to. 

C.  STItUCTUltES  ON  PILES. 

Lighthouses  of  this  class  stand  on  a  number  of  long  slender  legs, 
sufficiently  braced  between  for  stability ;  and  thus  they  present  no 
appreciable  opposition  to  the  waves,  which  consequently  do  not  rise 
higher  than  in  the  open  sea.  This  mode  of  construction  is  peculiarly 
well  suited  to  lighthouses  which  require  to  be  visible  from  a  moderate 
distance  only.  Its  use  may  almost  be  said  to  have  originated  with 
the  invention  of  screw  piles  by  Mr.  Alexander  Mitchell. 

Models  of  three  examples  of  this  kind  of  lighthouse  are  exhibited, 
all  designed  by  Mr.  Walker  for  the  Corporation  of  Trinity  House. 
They  are  as  follows  : — 

United  Kingdom. 

2662  (10) — Maplin  Sands  Lighthouse,  standing  on  nine  screw 
piles,  with  blades  4  feet  in  diameter,  screwed  14  feet 
6  inches  into  sand. 


United  Kingdom. 

2662  (11) — Gunfleet  Lighthouse,  standing  on  seven  screw  piles, 
with  blades  4  feet  in  diameter,  screwed  40  feet  into 
sand. 

2662  (12) — Point  of  Air  Lighthouse,  standing  on  nine  screw  piles, 
with  blades  4  feet  in  diameter,  screwed  12  feet  iuto 
sand. 

As  it  is  unnecessary  to  describe  all  those  three  lighthouses  in 
detail,  that  on  Maplin  Sands  may  be  taken  as  an  example  (see 


Fig.  309. 


Maplin  Sands  Lighthouse. 


Fig.  309).  The  following  information  respecting  it  is  extracted 
from  a  paper  by  J.  B.  Redman,  Esq.,  C.E.,  read  to  the  Institution 
of  Civil  Engineers  on  the  24th  of  May,  1842,  and  published  in  their 
“  Proceedings”  for  1848. 

The  nine  piles  are  of  the  best  Staffordshire  wrought-iron,  26  feet 
long  and  5  inches  in  diameter  ;  the  screw  blades  are  of  cast-iron, 
4  feet  in  diameter,  and  make  one  turn  and  a  quarter  round  each 
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pile.  Below  the  screw  each  pile  is  furnished  with  a  large  drill  or 
opening  bit.  The  screws  were  made  by  Messrs.  Rennie. 

The  piles  were  screwed  down  under  the  superintendence  of 
Messrs.  Mitchell,  from  a  raft,  by  means  of  a  capstan-head ;  one 
pile  in  the  centre  of  an  octagon,  and  one  at  each  of  the  eight  angles. 
The  screwing  of  each  pile  occupied  one  day.  To  prevent  the 
washing  away  of  the  sand  from  about  the  piles  an  octagonal  timber 
grating  was  formed  round  their  heads,  covered  with  planks  and 
brushwood,  and  loaded  with  120  tons  of  stone.  On  the  tops  of  the 
piles  are  fitted  hollow  iron  columns ;  the  central  column  is  vertical, 
the  eight  others  are  bent,  so  that  their  upper  ends  rake  inwards. 
These  columns  are  all  braced  together  by  radiating,  diagonal,  and 
horizontal  rods.  Each  column  terminates  at  the  top  in  a  socket, 
into  which  is  fitted  a  timber  post  of  about  one  foot  square.  These 
posts  are  suitably  braced  together,  and  support  the  house,  plat¬ 
form,  and  lantern.  The  following  are  some  of  the  principal  dimen¬ 
sions  : — 

Ft.  In. 

Depth  of  the  screw-blades  below  the  sand  about  ...  14  6 

“  below  low  water  mark,  spring  tides,  21  0 

Rise  of  spring  tides,  ...  ...  ...  ...  15  0 

Height  from  H.  W.  M.  spring  tides  to  floor  of  house,  ...  20  6 

“  “  to  floor  of  light-room,  29  6 

“  “  to  lamp,  ...  38  6 

“  to  top  of  vane  spindle,  54  0 

The  house  has  a  conical  bottom  descending  to  8j  feet  below  its 

floor. 

Distance  from  centre  of  centre  pile  to  centre  of  corner  pile,  20  0 

Diameter  of  floor  of  house,  ...  ...  ...  27  0 

“  of  platform,  ...  ..  ...  21  0 

“  of  light-room,  ...  ...  ...  12  0 

4.  LIGHTHOUSE  APPARATUS. 

A.  FOR  OIL,  LAMPS. 

The  models,  &c.,  exhibited  under  the  number,  United  Kingdom, 
2661  (2)  to  (16)  and  (18),  by  the  Commissioners  of  Northern  Light¬ 
houses,  illustrate  the  history  as  well  as  the  present  state  of  modern 

lighthouse  illumination. 

Flg-  310‘  The  earliest  series  of 

optical  apparatus  con¬ 
sists  of  reflectors.  The 
first  in  point  of  antiquity 
is  a  i:  Facet  Reflector  ” 
(No.  3),  formed  of 
small  squares  of  mirror 
glass  imbedded  in  plaster 
of  Paris,  and  so  arranged 
as  to  form  an  approxi¬ 
mation  to  a  paraboloidal 
surface.  The  next  in¬ 
strument  (No.  11)  is  a 
great  step  in  advance  : 
a  25-inch  diameter  para¬ 
boloidal  reflector  of  sil¬ 
ver-plated  copperformed 
by  a  very  careful  process 
of  hand  hammering. 
Fig.  310  is  a  section  of 
this  reflector,  showing 
its  action  in  throwing 
the  diverging  rays  of  the  lamp  into  a  beam  of  parallel  rays,  and 
showing  also  how  a  large  portion  of  the  light  which  radiates  for¬ 
wards  from  the  lamp  is  scattered  and  lost.  This  reflector  is  a 
much  closer  approximation  to  a  true  paraboloid  than  the  former, 


Section  of  Ilolophotal  Reflector. 


a 


and  it  is  fitted  with  an  argand  lamp,  so  mounted  on  a  sliding  car¬ 
riage  (as  are  also  all  the  more  modern  forms  of  apparatus  when 
intended  to  be  lighted  with  oil  lamps)  as  to  be  capable  of  being 
lowered  out  of  the  reflector  to  be  cleansed  with  the  certainty  of 
its  returning  to  the 

proper  focus.  Next  Fig.811. 

in  this  series  are  the 
Holophotal  Reflectors 
(Nos.  2  and  10), 
invented  by  Mr. 

Thomas  Stevenson  in 
1849.  A  section  of 
No.  2  is  given  in  Fig. 

311.  a  a  a  a  is  a 
portion  of  a  parabo¬ 
loidal  reflector  which 
at  once  reflects  part 
of  the  diverging  rays 
of  the  lamp  into 
a  beam  of  parallel 
rays ;  b  b  b,  a  hemispherical  reflector  for  sending  forward  all 
the  light  that  radiates  backwards  from  the  lamp ;  l,  a  glass 
lens  for  refracting  into  a  parallel  beam  the  central  portion  of 
the  diverging  light. 

No,  10  only  differs  F!s 312. 

from  No.  2  in  having 
part  of  the  light  sent 
forward  by  means  of 
annular  glass  prisms. 

In  another  form  of 
this  apparatus,  all  the 
light  which  radiates 
forwards  from  the 
lamp  is  received  by  a 
lens  surrounded  by 
annular  glass  prisms, 
and  the  hemispherical 
mirror  is  the  only 
metallic  part.  All 
these  are  perfect  in¬ 
struments  theoreti¬ 
cally — i.  e.,  they  act 
on  all  the  rays  from  the 
flame  which  it  is  pos¬ 
sible  to  intercept — but 
they  have  the  disad¬ 
vantage  of  acting  on 
a  great  part  of  the  light  by  metallic  reflection,  which  is  always 
accompanied  by  considerable  loss  of  light.  Lastly,  there  is  the 
Dioptric  Holophote  (No.  7),  invented  by  Mr.  Thomas  Stevenson 
in  1850,  which  also  acts  on  all  the  available  rays  and  parallelizes 
them  by  the 


action  of  only 
a  lens  and 
totally  reflect¬ 
ing  glass 

prisms.  In 
Fig.  312,  L  L  is 
the  polyzonal 
lens,  which  re¬ 
fracts  the  cen- 


Fig.  313. 


1# 

e 

-/ 


Section  of  Prism,  with  Ray. 


tral  portion  of  the  diverging  rays  into  a  parallel  beam \  pppp 
are  totally  reflecting  annular  glass  prisms,  which  reflect  into  a 
parallel  beam  the  lateral  parts  of  the  light  that  radiates  forwards. 
The  most  curious  and  beautiful  part  of  the  apparatus  is  the  hemi- 
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spherical  mirror  a  a  a,  &c.,  composed  entirely  of  prismatic  rings  of 
glass,  so  formed  as  to  reflect  totally  the  light  that  radiates  in  a  back¬ 
ward  direction  from  the  lamp.  In  Fig.  313,  a  b  c,  is  one  of  those 
prisms,  and  fr  r'  is  the  course  of  a  ray.  All  these  instruments  belong 
to  what  has  been  termed  the  independent  burner  system  of  light¬ 
house  illumination. 

The  next  series  of  models  illustrates  the  central  burner  system  of 
Fig.  314  Fig.  315. 


Elevation.  Fresnel’s  11  Bee-hive”  Apparatus.  Section. 

illumination,  invented  by  Augustin  Fresnel,  and  may  be  divided 
into  two  sections.  The  first  section  comprises  fixed  lights  which 
have  to  be  constantly  in  sight  all  round  the  horizon,  or  at  least  over 
a  large  arc,  and  is  illustrated  by  No.  14,  which  is  Fresnel’s  first- 
order  fixed  apparatus  in  its  most  approved  form,  one-fifth  of  the 
full  size.  This  apparatus  is  known  as  the  “  beehive it  is  represented 
in  elevation,  Fig.  314,  and  in  section,  Fig.  315.  k  k  are  lenticular 


Fig.  316. 


Side  view. 

Stevenson’s  “Azimuthal  Condensing  Light.” 


rings,  acting  by  refraction  ;  p  p  are  prismatic  rings  acting  by  total 
reflection ;  and  the  effect  of  the  combination  is  to  concentrate 
nearly  the  whole  sphere  of  light  into  a  flat  zone.  No.  5,  called 
an  “  azimuthal  condensing  light,”  was  designed  by  Mr.  Thomas 
Stevenson,  in  order  more  economically  to  suit  the  requirements  of  a 
special  locality,  and  condense  or  strengthen  the  light  in  certain  arcs. 
The  model  exhibited  was  not  designed  for  any  special  locality,  so 


much  as  to  illustrate  two  ways  of  condensing  the  light.  On  the 
one  side,  the  light  is  collected  into  a  parallel  beam  before  being 
deflected  and  diverged  by  straight  prisms,  as  at  Isle  Oronsay ;  on 
the  other  side,  the  diverging  light  of  the  “beehive”  is  merely  deflected 
by  straight  prisms.  This  plan  answers  well  at  Berwick  Harbour 
Light.  Fig.  316  is  a  plan  of  this  apparatus ;  Fig.  317  a  side  view ; 
and  Fig.  318  a  plan  of  an  inlet,  showing  the  use  of  the  apparatus. 
The  second  section  consists  of  re¬ 
volving  apparatus  which  circulates 
round  the  central  burner  and  collects 
the  light  into  a  number  of  beams 
of  nearly  parallel  rays  which  are  con¬ 
tinually  travelling  over  the  horizon 
— slowly ,  to  constitute  a  revolving 
light;  rapidly ,  to  form  a  flashing 
light.  This  section  contains  No. 

13,  Fresnel’s  first-order  revolving 
apparatus,  as  made  for  Skerryvore 
lighthouse  in  1843.  The  light  is 
received  and  collected  into  eight 
horizontal  beams  by  the  principal 
lenses,  L,  L,  Fig.  319;  the  light 
which  would  escape  above  them  is 
collected  into  eight  inclined  beams 
by  small  lenses,  a  a,  and  reflected 
to  the  horizon  by  inclined  mirrors, 
b  b.  The  lower  part  of  the 
light  is  sent  equally  to  all  parts  of 
the  horizon  by  prismatic  rings  of 
glass,  p  p,  which  act  as  mirrors. 

The  rings  at  Skerryvore  are  the  first 
that  were  made  of  the  largest  or  first-order  size,  and  were  under¬ 
taken  by  M.  Soleil,  on  the  proposal  of  Mr.  Alan  Stevenson. 

No.  12  represents  a  first  class  Holophotal  Revolving  Apparatus 
(l-5th  of  full  size),  according  to  Mr. 

Thomas  Stevenson’s  arrangement.  The 
central  part  of  the  light,  as  in  Fresnel’s 
apparatus,  is  received  and  collected  into 
eight  horizontal  beams  by  lenses  (l, 

Fig.  320).  The  light  which  passes 
above  and  below  these  lenses  is  received 
and  collected  into  eight  horizontal 
beams  by  prismatic  reflectors  p  p. 

This  apparatus  differs  from  the  fixed 
light,  in  every  section  (whether  hori¬ 
zontal  or  vertical)  having  lenticular 
action.  Prismatic  reflectors  of  this  form 
were  first  adopted  by  Mr.  Stevenson  of 
a  small  size  at  Singapore  in  1849,  and 
on  the  large  scale  at  North  Ronaldsay, 
in  Orkney,  in  1851.  The  only  speci¬ 
mens  of  this  form  of  prism  (that  gene¬ 
rated  round  a  horizontal  axis)  that  were 
exhibited  at  the  International  Exhibi¬ 
tion  of  1851,  were  those  shown  by  the 
Commissioners  of  Northern  Lighthouses.  They  have  since  been 
generally  adopted  by  manufacturers. 

No.  9  represents  a  proposed  revolving  azimuthal  condensing 
light,  designed  by  Mr.  Thomas  Stevenson,  for  stations  where  the 
light  requires  to  be  seen  farther  off  in  some  directions  than  in  others, 
and  where  the  whole  horizon  does  not  need  to  be  illuminated.  An 
auxiliary  apparatus  at  one  side  moving  in  concert  with  the  lenses, 
brings  circulating  mirrors  successively  into  a  proper  position  for 
reflecting  the  beams  of  rays  which  would  otherwise  be  wasted  on 
the  land,  and  causes  them  to  supplement  the  flash  of  those  lenses 


Fig.  319. 


Fig.  320. 


\i —.1/ 

Stevenson's  Revolving  Apparatus. 
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which  are  then  traversing  the  seaward  arc  of  longest  range,  so  as 
to  strengthen  the  flash  over  that  arc.  In  this  way  each  lens  in 
turn  is  made  to  repeat  its  flash  over  the  seaward  arc. 


Fig. 321. 


The  Apparent  Light  is  illustrated  by  No.  6,  being  a  model  of  a 
portion  of  the  entrance  to  Stornoway  Bay,  showing  the  lighthouse, 
and  a  beacon  on  an  exposed  rock,  200  yards  off,  which  is  seldom 
accessible  (Fig.  321).  The  arrangement  illustrated  was  designed 
by  Mr.  Thomas  Stevenson  in  1850,  and  consists  of  a  powerful  light 
thrown  from  the  lighthouse.  A,  on  the  shore,  upon  optical  apparatus 
fixed  on  the  beacon,  b,  which  reflects  it  seawards,  so  as  to  give  the 

appearance  of  an  actual  light  in 
Fig-  322-  the  beacon,  and  thus  to  indicate 

at  night  the  exact  position  of 
the  rock.  The  reflected  or 
apparent  light  is  seen  at  the 
distance  of  a  mile  and  a  half 
seaward  of  the  rock. 

No.  4  is  a  larger  model  of  a 
beacon  for  an  apparent  light. 
Fig.  322  is  a  plan  of  this  appa¬ 
ratus.  It  shows  a  rectangular 
lantern,  which  receives  from  the 
lighthouse  on  shore  a  beam  of 
parallel  rays,  r.  These  are 
totally  reflected  by  the  glass 
Apparent  Light  prisms,  p,  and  concentrated  by 

the  lens  and  prisms,  b,  to  a 
linear  focus,  whence  they  diverge  as  if  there  were  a  lamp  there. 

No.  15  is  a  model  of  the  “  diagonal  ”  lantern  in  use  in  the 
Northern  Lighthouse  service  since  1836,  the  astragals  of  which  are 
in  three  sets,  one  horizontal  and  the  others  sloping  at  aDgles  of 
60°,  so  as  to  form  equilateral  triangles.  This  structure  is  very  stiff 
and  strong,  and  secures  an  equal  diffusion  of  light. 

No.  16  is  a  mechanical  pump  lamp. 

No.  18,  the  large  red  chimney,  introduced  by  Messrs.  Stevenson 
in  1859,  and  made  by  Messrs.  Lloyd  &  Summerfield,  of  Birming¬ 


ham,  is  the  means  adopted,  after  careful  experiment,  for  producing 
a  red  light  when  it  is  not  required  to  change  colour  on  different 
bearings. 

No.  8  is  a  set  of  Radial  Masking  Screens,  designed  by  Mr.  J.  M. 
Balfour,  which  are  intended  to  facilitate  the  sharp  masking  of  a  light 
in  any  azimuth.  For  details  on  these  and  other  matters  on  light¬ 
house  illumination,  the  reader  is  referred  to  Mr.  Thomas  Stevenson’s 
work  on  that  subject. 

United  Kingdom  (2876)  is  a  complete  revolving  dioptric  light 
apparatus  of  the  first  order,  of  the  kind  already  described  under 
2661  (12),  with  its  diagonal  lantern  and  pump  lamp.  It  forms  a 
very  conspicuous  object  in  the  nave  of  the  building.  The  diameter 
of  the  lantern  is  12  feet;  of  the  optical  apparatus,  from  6  feet  to 
7  feet;  the  central  lenses,  eight  in  number,  are  each  2  feet  6  inches 
broad,  and  3  feet  high;  the  burner  is  4  inches  in  diameter,  and 
contains  four  concentric  wicks.  It  is  exhibited  by  Messrs.  Chance 
Brothers  &  Company  of  Birmingham,  who  are  also  the  makers  of 
the  optical  parts  of  2914,  and  several  of  the  articles  exhibited  under 
2661. 

Under  United  Kingdom  (2993),  are  exhibited  by  Messrs.  Wilkins 
&  Company  of  Longacre,  London,  a  revolving  dioptric  apparatus  of 
the  fourth  order,  visible  at  twenty  miles’  distance ;  a  direction  light, 
visible  at  eighteen  miles ;  and  parabolic  reflectors. 

France,  1251  (6),  is  a  catadioptric  light  apparatus  of  the  third 
order,  the  peculiarity  of  which  is,  that  it  combines  a  steady  white 
light  with  a  revolving  apparatus  producing  green  and  red  flashes 
alternately  at  intervals  of  twenty  seconds.  The  fixed  part  consists 
of  the  lower  annular  reflecting  prisms,  and  of  about  three-fourths  of 
the  height  of  the  annular  lens,  of  Fresnel’s  “  beehive,”  already 
described  under  United  Kingdom,  2661  (14).  The  revolving  part 
consists  of  the  upper  fourth  of  the  lenses,  and  the  whole  of  the 
reflecting  top  of  a  ten-sided  revolving  apparatus,  such  as  United 
Kingdom,  2661  (13).  The  sides  of  this  apparatus  are  provided  with 
coloured  glass,  red  and  green  alternately,  and  narrow  vertical  strips  of 
glass  of  the  same  colours,  one  hanging  down  from  the  middle  of  each 
of  the  ten  sides  of  the  revolving  apparatus,  so  as  to  colour  the  fixed 
part  of  the  light  at  the  same  time  that  the  flash  takes  place.  This 
apparatus  was  executed  under  the  direction  of  M.  Reynaud,  inspector- 
general,  and  M.  Allard,  chief  engineer,  by  M.  Henry  Lepaute  of 
Paris. 

France,  1251  (7),  is  a  catadioptric  apparatus  of  the  fourth  order, 
intended  for  a  lighthouse  now  in  progress  at  the  mouth  of  the 
Loire.  It  shows  a  steady  red  light,  combined  with  flashes  at  every 
thirty  seconds.  The  steady  light  is  given  by  the  annular  prisms  of 
the  top,  similar  to  those  in  Fresnel’s  “  beehive  ;”  the  flashes,  by  the 
lenses  and  the  reflecting  annular  prisms  round  and  below  them, 
which  form  a  six-sided  revolving  apparatus.  The  annular  prisms 
of  the  top  are  each  made  in  one  piece.  This  apparatus  was  in  a 
great  measure  designed  by  M.  L.  Sautter,  and  was  made  under  the 
direction  of  M.  Reynaud,  inspector-general,  and  M.  Allard,  engineer 
in  chief,  by  Messrs.  L.  Sautter  &  Company  of  Paris.  The  descrip¬ 
tions  of  both  those  apparatus  are  taken  from  the  publication  already 
referred  to — “  Notices  sur  les  modeles,”  &c. 

B.  APPARATUS  FOR  THE  ELECTRIC  LIGHT. 

The  subject  of  the  production  of  electric  currents,  and  their  use 
to  generate  light,  belongs  properly  to  the  department  of  philo¬ 
sophical  apparatus.  Practical  difficulties  were  formerly  experi¬ 
enced  in  producing  a  permanent  and  steady  light,  but  these  have 
by  degrees  been  overcome.  The  electric  light  has  now  been 
used  for  some  time  with  success  at  Dungeness  Lighthouse,  and  its 
use  is  likely  to  extend.  It  possesses  a  great  advantage  for  light¬ 
house  illumination,  from  its  being  a  mere  spark,  of  very  small  size  as 
compared  with  the  flame  of  an  oil  lamp  of  the  same  power ;  for  this 
enables  much  smaller  optical  apparatus  to  be  used,  which  is  not 
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only  a  saving  of  cost  but  a  saving  of  light,  the  loss  of  light  being 
less  when  the  glass  is  thinner.  The  optical  apparatus  becomes  in  fact 
a  miniature  of  that  used  with  the  oil  lamp. 

United  Kingdom — 1985,  exhibited  by  Mr.  E.  C.  Shepard,  consists 
of  the  magneto-electric  apparatus  alone. 

United  Kingdom — 2914  (also  entered  in  the  catalogue  as  1886), 
exhibited  by  Mr.  F.  H.  Holmes,  consists  of  the  magneto-electric 
apparatus  driven  by  a  steam  engine,  with  a  light,  and  a  catadioptric 
lighthouse  apparatus  of  the  fourth  order,  the  whole  nearly  being 
similar  to  the  apparatus  used  by  the  Corporation  of  Trinity  House  at 
the  Dungeness  Lighthouse.  This  has  been  exhibited  in  action — 
the  machine  in  the  Western  Annex,  and  the  light  sometimes  in  the 
Western  Annex  and  sometimes  in  the  Western  Dome. 

France — 1146,  exhibited  by  Messrs.  A.  Berlioz  &  Company,  is 
an  apparatus  of  the  same  kind,  and  has  also  been  shown  in 
action. 

France — 1148,  exhibited  by  M.  A.  Thiers,  is  an  electric  light,  and 
has  been  shown  in  action,  but  it  is  not  fitted  with  special  lighthouse 
apparatus. 


6.  LOCOMOTIVE  ENGINES. 

By  J.  E.  M‘Connell,  C.E.,  M.  Inst.  C.E.,  Mem.  Inst.  Mech.  Eng. ; 
and  W.  J.  Macquorn  Rankine,  C.E.,  LL.D.,  F.R.S.,  Professor 
of  Civil  Engineering  and  Mechanics  in  the  University  of  Glasgow. 

Locomotive  Engines  in  the  Interna¬ 
tional  Exhibition  of  1862  are  favour¬ 
ably  situated  for  purposes  of  examina¬ 
tion  and  comparison,  being  all  placed 
in  the  Western  Annex  —  the  British 
locomotives  ranged  along  the  east  side 
of  its  southern  division,  and  those 
of  foreign  manufacture  conspicuously 
placed  in  its  northern  division ;  so  that, 
by  ascending  to  the  platform  of  the  apparatus  in  the  centre  of  the 
Annex,  the  whole  of  the  locomotives  can  be  seen  at  one  view.  The 
following  is  a  classified  arrangement  of  the  numbers  by  which  they 
are  designated  in  the  Official  Catalogue. 

LOCOMOTIVES  AXD  PARTS  OF  LOCOMOTIVES  EXHIBITED. 

A.  High-speed  Locomotives,  with  one  pair  of  driving  wheels. 

United  Kingdom — 1238,  1269  (Wolverton  engine),  1269-70 
(Crewe  engine  and  tender),  1280.  France — 1012.  Austria 
—549. 

B.  General  Traffic  Locomotives,  with  two  pairs  of  wheels  coupled. 

United  Kingdom — 1230,  1250,  1316.  Zollverein — 1254, 
2319. 

C.  Heavy  Traffic  Locomotives,  with  three  pairs  of  wheels  coupled. 

United  Kingdom — 1251,  1299.  Belgium — 203.  France — 
1022.  Italy— 1002. 

d.  Heavy  Traffic  Locomotives,  with  four  pairs  of  wheels  and 
upwards.  France — 1032.  Austria — 548. 

E.  Locomotives  with  two  pairs  of  independent  engines.  France 

—1032. 

F.  Small  Locomotives  for  Contractors,  &c.  United  Kingdom — 

1266,  1274,  1278. 

G.  Separate  parts  of  engines.  United  Kingdom — 1228,  1236, 

1271. 


1 .  General  Character  of  the  Locomotives  in  the  present  Exhibition. 
— The  following  are  the  principal  points  to  be  remarked  in  the  general 
character  of  the  locomotives  now  exhibited,  as  compared  with  those 
exhibited  in  1851. 

The  prevailing  use  of  coal  instead  of  coke  as  fuel,  one  of 
the  most  important  improvements  ever  effected  in  the  economy 
of  working  railways,  has  rendered  necessary  the  adoption  of  means 
for  consuming  smoke.  These  are  of  various  kinds,  which  will  be 
more  particularly  mentioned  further  on;  the  main  principles  applied 
in  them  being  the  double  or  divided  furnace,  as  in  United  Kingdom, 
1269  (Wolverton  engine),  and  United  Kingdom,  1299;  the  admis¬ 
sion  of  air  above  the  duel,  as  in  United  Kingdom,  1269  (Crewe 
engine),  France,  1012,  and  others;  and  the  use  of  brickwork  for 
guiding  the  flame  and  storing  heat,  as  in  United  Kingdom,  1269 
(Crewe  engine). 

Contrivances  for  enabling  engines  to  pass  easily  round  sharp 
curves  have  of  late  years  undergone  much  improvement,  and  exam¬ 
ples  of  them  are  to  be  seen  in  Austria,  548,  Zollverein,  2319,  and 
France,  1022. 

Experience  has  demonstrated  the  error  of  the  opinion  formerly 
held,  that  it  was  essential  to  safetj',  especially  at  high  speeds,  to  keep 
the  centre  of  gravity  of  a  locomotive  at  a  very  low  level — an  opinion 
by  which  the  designers  of  locomotives  were  much  fettered  when 
planning  engines  for  high  speeds  on  the  narrow  gauge  in  which  great 
boiler  power  had  to  be  combined  with  large  wheels.  The  locomotive 
engineers  of  the  present  time,  being  freed  from  that  restraint,  do  not 
hesitate  to  place  the  weight  of  the  engine  as  high  as  may  be  required 
for  convenient  arrangement  of  its  parts.  Of  this  the  engines  included 
in  the  division  A  of  the  preceding  classified  list  afford  several  exam¬ 
ples,  of  which  the  most  striking  is  United  Kingdom,  1280,  a  narrow 
gauge  express  engine,  with  driving  wheels  8  feet  2  inches  in 
diameter,  being  the  largest  pair  of  driving  wheels  exhibited. 

In  1851  the  extreme  limit  of  the  weight  of  locomotive  engines 
was  about  forty  tons.  That  limit  has  not  been  passed  by  the 
engines  in  the  British  department  of  the  present  Exhibition,  but 
some  of  those  in  the  Continental  department  (Divisions  D  and  e)  go 
much  beyond  it,  approaching  fifty  tons  in  weight,  while  one  engine, 
represented  by  a  drawing  under  France,  1032,  is  estimated  to 
weigh  about  fifty-six  and  a  half  tons,  with  a  full  supply  of  fuel 
and  water.  That  difference  in  the  extreme  weight  of  British  and 
Continental  engines  is  connected  with  a  difference  in  the  directions 
which  the  progress  of  improvement  or  innovation  has  taken.  In 
Britain  the  active  competition  amongst  railway  companies,  the 
requirements  of  the  Post  Office,  the  high  value  set  upon  time  by  men 
of  business,  and  the  national  taste  for  rapid  motion,  have  combined 
to  cause  locomotive  engineers  to  aim  at  high  speed.  To  attain  that 
object  a  rapid  production  of  steam,  and  therefore  a  large  boiler,  are 
necessary ;  but  great  weight  is  not  essential,  except  in  so  far  as  it  is 
inseparable  from  a  large  boiler.  The  Continental  engineers,  on  the 
other  hand,  have  for  the  most  part  aimed  at  economy  of  motive 
power  upon  steep  gradients,  an  object  to  which  high  speed  is  directly 
opposed,  and  which  is  best  attained  by  drawing  great  loads  at 
moderate  speeds.  To  draw  a  great  load  requires  a  strong  bite  of  the 
driving  wheels  on  the  rails,  and  therefore  a  heavy  engine,  and  hence 
result  the  designs  of  the  enormous  eight,  ten,  and  twelve  wheeled 
tank  engines,  which  appear  under  Austria,  548,  and  France,  1032. 
These  remarks  being  intended  to  point  out  a  prevailing,  but  not  a 
universal  difference,  between  British  and  Continental  locomotives, 
are  of  course  liable  to  exceptions. 

The  use  of  Giffard’s  injector  for  feeding  boilers  is  very  common 
in  the  locomotive  engines  exhibited. 

No  broad-gauge  locomotives  appear  in  the  present  Exhibition ; 
for  that  term  cannot  properly  be  applied  to  the  Portuguese 
gauge  of  5^  feet,  which  is  that  of  the  engine,  United  Kingdom, 
1238. 
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The  present  Exhibition  shows  much  progress  in  the  art  of  making 
small  and  light  locomotives  for  the  use  of  contractors,  and  other 
special  purposes. 

2.  Special  Remarks  on  Division  A  :  High-speed,  Six-wheeled 
Locomotives,  with  one  pair  of  driving  wheels — United  Kingdom, 
1238 — is  an  express  passenger  engine  with  tender,  called  the  “  Don 
Luiz,”  made  for  the  South  Eastern  of  Portugal  Railway  Company, 
by  Messrs.  Beyer,  Peacock,  &  Company,  of  Manchester ;  it  has  driv¬ 
ing  wheels  7  feet  in  diameter,  inside  cylinders  of  16  inches  diameter, 
and  22  inehes  stroke ;  bearings  inside  for  the  crank  axle,  outside  for 
the  other  two  axles  ;  18  square  feet  of  grate  surface,  96  square  feet 
of  fire-box  surface,  and  1236  square  feet  of  tube  surface.  It  is  a  most 
excellent  example  of  good  proportions,  arrangement,  and  workman¬ 
ship  ;  the  leading 
wheels,  however, 
might  with  advan¬ 
tage  have  been  made 
somewhat  larger. 

The  convenient  ar¬ 
rangement  of  the 
mechanism  is  to  a 
certain  extent  due 
to  the  Portuguese 
gauge,  to  which  it  is 
adapted,  being  some¬ 
what  wider  than  the 
British  gauge. 

One  of  the  loco¬ 
motives  exhibited 
under  United  King¬ 
dom,  1269,  is  an 
express  passenger 
locomotive,  made  at 
the  works  of  the 
London  and  North 
Western  Railway 
Com  pn  ny  at  W  olver- 
ton,  from  the  design 
of  one  of  the  authors 
of  this  article.  It 
lias  driving  wheels 
7  feet  8  inches  in  diameter,  inside  cylin¬ 
ders  of  18  inches  diameter  and  24  inches 
stroke,  and  weighs  32  tons.  It  has 
Krupp’s  solid  steel  axles  and  wheel  tires. 

The  pistons  are  solid  wrought-iron,  with 
brass  packing  kept  tight  without  springs 
by  the  pressure  of  the  steam  from  within. 

The  weight  of  these  is  about  one  half  of 
that  of  ordinary  pistons — an  important 
advantage  at  high  speeds,  inasmuch  as 
it  renders  the  balancing  of  the  inertia  of 
the  moving  parts  more  easy  and  efficient. 

The  boiler  is  fed  by  means  of  twoGiffard’s 
injectors.  The  boiler  and  furnace,  which  are  designed  with  a  view 
to  the  burning  of  coal  and  prevention  of  smoke,  are  illustrated  by 
Figs.  323,  324,  and  325.  Fig.  323  is  a  longitudinal  section,  Fig.  324 
a  cross  section  through  the  fire-box,  and  Fig.  325  a  plan.  The  fire¬ 
box  is  divided,  by  a  “mid-feather”  or  vertical  longitudinal  hollow  par¬ 
tition  containing  a  water  space,  into  two  furnaces  which  are  fired  alter¬ 
nately,  as  in  double-furnace  stationary  boilers  ;  the  gases  from  the 
furnaces  mingle  in  the  combustion  chamber  and  pass  thence  into  the 
tubes.  This  arrangement  gives  the  greatest  extent  of  direct  heating 
surface  (as  distinguished  from  tube  surface),  yet  attained  on  the  nar¬ 
row  gauge.  In  the  longitudinal  section  it  will  be  observed,  that  the 


lower  part  of  the  front  of  the  fire-box  has  a  forward  curvature,  so 
as  to  increase  the  area  of  the  grate  beyond  that  of  the  upper  part  of 
the  fire-box.  By  the  aid  of  a  very  complete  system  of  staying,  the 
fire-box  is  made  capable  of  bearing  a  working  pressure  of  150  pounds 
on  the  square  inch  with  safety.  The  longitudinal  section  also  shows 
the  telescopic  form  of  the  boiler  barrel,  which  is  of  smaller  diameter 
round  the  tubes  than  round  the  combustion  chamber.  That  form 
economizes  space  and  weight. 

Under  the  same  number,  United  Kingdom,  1296,  there  is  also 
exhibited  the  express  engine  “  Lady  of  the  Lake,”  designed  and 
constructed  at  the  London  and  North  Western  Railway  Company’s 
works  at  Crewe,  by  John  Ramsbottom,  Esq.,  locomotive  superin¬ 
tendent.  This  engine  is  represented  in  Plate  14.  and  is  one  out  of 


one  hundred  and  seventy  similar  engines  now  used  on  the  London  and 
North  Western  Railway.  The  driving  wheels  are  7  feet  7J  inches 
in  diameter,  the  wheel  base  is  15  feet  5  inches ;  the  cylinders  are 
outside,  and  are  16  inches  diameter  and  24  inches  stroke;  the  area 
of  the  fire  grate  is  14-95  square  feet ;  of  fire-box  heating  surface  85 
square  feet ;  of  external  tube  surface  1013  square  feet.  The  boiler 
is  fed  without  pumps  by  two  Gifiard’s  injectors,  and  is  fitted  with 
Mr.  Ramsbottom’s  duplex  safety  valve  (numbered  1271  in  the  Cata¬ 
logue),  in  which  a  pair  of  valves  are  pressed  down  by  the  two  ends  ot 
a  cross-bar,  the  middle  of  which  is  held  down  by  means  of  a  spring, 
as  shown  in  the  Plate — an  arrangement  which  makes  it  impossible 
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for  the  engine-driver  to  increase  the  load  on  the  valves.  The  ordi¬ 
nary  working  pressure  is  120  pounds  on  the  square  inch.  The  coal¬ 
burning  arrangement,  which  has  been  found  to  answer  well  in  prac- 


Fig.  324. 


M ‘Connell’s  Fire-box — Transverse  Section. 


tice,  consists  of  two  openings  in  front  of  the  fire-box  through  which 
the  air  is  admitted,  the  steam  being  deflected  on  to  the  fire  by  means 

Fig.  325. 


of  a  brick  arch  thrown  across  the  box.  The  quantity  of  air  admitted 
is  regulated  by  dampers,  which  are  under  the  control  of  the  engine 
driver.  The  smoke-box  is  fitted  with  a  hopper  which  prevents  the 


overheating,  and  the  damage  to  the  cylinders,  that  would  otherwise 
arise  from  the  particles  of  unconsumed  fuel  being  carried  through 
the  tubes  and  ignited  in  the  smoke-box.  By  this  arrangement  those 
particles  are  discharged  through  a  fixed  opening,  4  inches  by  1  inch, 
in  the  bottom  of  the  hopper,  immediately  on  entering  the  smoke- 
box.  This  opening  is  not  found  to  have  an  injurious  effect  on  the 
draught. 

The  cylinder  and  valve  faces  of  this  engine  are  lubricated  by 
means  of  Mr.  ltamsbottom’s  “  gravity  lubricator.”  The  engine  is 
fitted  with  Mr.  Ramsbottom’s  patent  pistons,  which  have  been  in  use 
about  eight  years.  They  consist  merely  of  a  solid  block  of  iron 
nearly  filling  the  cylinder,  in  which  are  turned  three  grooves  for  the 
reception  of  packing,  which  is  made  of  square  wrought-iron  wire, 
hard  drawn,  and  bent  to  such  a  form  as  to  give  an  equal  pressure 
against  the  cylinder  at  all  points.  These  pistons  have  been  in  use 
for  about  eight  years.  The  engine  is  also  fitted  with  an  arrange¬ 
ment  of  screw  reversing  gear,  which  enables  the  driver  to  reverse 
the  engine  without  closing  the  regulator,  and  prevents  the  recoil  of 
the  reversing  lever,  which  frequently  takes  place  in  the  event  of 
collision.  The  pitch  of  the  screw  is  such  as  to  allow  of  sufficiently 
quick  reversal  without  danger  of  running  back.  It  also  allows  the 
valves,  from  the  absence  of  any  fixed  intermediate  positions  of  the 
lever,  to  be  worked  with  any  amount  of  expansion  without  altering 
the  steam  regulator,  and  from  the  same  cause  lessens  the  unequal 
wear  of  the  expansion  link,  the  slide-block  being  never  practically 
twice  in  the  same  place.  This  arrangement  has  been  in  use  about 
six  years,  and  has  been  applied  to  about  one  hundred  and  eighty 
engines. 

The  six-wheeled  tender  to  which  this  engine  is  coupled  is  num¬ 
bered  1270.  It  is  capable  of  carrying  1500  gallons  of  water  and 
2  tons  of  coal,  and  its  gross  weight  is  17  tons  8  cwt.  It  is  fitted  with 
Mr.  Ramsbottom’s  apparatus  for  picking  up  water  whilst  moving, 
Fig.  326.  The  apparatus  consists  of  a  dip-pipe  or  scoop  attached  to 
the  bottom  of  the  tender,  with  its  lower  end  curved  forwards,  and 
dipping  into  the  water  contained  in  an  open  trough  lying  longi¬ 
tudinally  between  the  rails  at  about  the  rail  level,  so  as  to  scoop  up 
the  water  and  deliver  it  into  the  tender  tank  while  runuing.  The 
speed  in  practice  at  which  water  is  picked  up  varies  from  a  minimum 
of  22  miles  per  hour. 

By  means  of  this  apparatus  the  size  and  dead  weight  of  tenders 

for  running  a  given  dis¬ 
tance  are  reduced,  as  also 
the  time  required  on  the 
journey.  It  has  been  in  I 
use  on  the  Holyhead  line 
since  October,  I860,  and 
since  that  time  about 
2,250,000  gallons  have 
been  picked  up.  Another 
trough  has  lately  been 
laid  down  on  the  Liver¬ 
pool  and  Manchester  line, 
and  a  third  near  Wolver- 
ton — the  last  being  in¬ 
tended  for  the  use  of  the 
fast  trains  which  run 
between  London  and 
Rugby,  a  distance  of 
eighty-two  miles,  without 
stopping.  The  picking- 
up  apparatus  is  illustrated 
in  the  Exhibition  by  a 
working  model.  An  engine  similar  to  that  exhibited  has  run  from 
Holyhead  to  Stafford,  a  distance  of  131  miles,  without  stopping,  in 
144  minutes  ;  being  at  the  average  rate  of  54J  miles  an  hour.  An 


M ‘Connell's  Locomotive  Boiler— Sectional  Plan  of  Fire-box. 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


273 


engine  of  the  same  class  lately  brought  the  mail  train  from  Holy- 
head  to  London,  a  distance  of  264  miles,  being  the  greatest  con¬ 
tinuous  run  ever  made  by  one  engine.  The  average  speed  was  42 


works  at  Ivry  from  the  designs  of  M.  Forquenot,  locomotive  super¬ 
intendent.  It  has  driving  wheels  about  7  feet  in  diameter,  the 
cylinders  are  outside,  and  the  eccentric  and  valve  gear  outside  the 


miles  an  hour. 

The  express  engine, 

United  Kingdom,  1280,  was 
made  by  Messrs.  Neilson 
&  Company  of  Glasgow  for 
the  Caledonian  Railway 
Company,  according  to  the 
design  of  Benjamin  Conner, 

Esq.,  locomotive  superin¬ 
tendent.  It  is  shown  in  a 
vertical  section  by  Fig.  327. 

Its  driving  wheels  are  of 
the  great  diameter  of  8  feet 
2  inches ;  the  wheel  base 
is  15  feet  8  inches;  the 
trailing  axles  have  outside 
journals ;  the  cylinders  are 
outside,  and  are  of  17J 
inches  diameter,  and  24 
inches  stroke ;  the  area  of 
fire-box  surface  is  96  square 

feet;  of  external  tube  surface  1094  square  feet.  The  weight  of  the 
engine  when  in  working  order  is  30  tons  13  cwt.,  and  of  this  the 
unusually  large  proportion  of  14  tons  11  cwt.  rests  on  the  driving 
wheels.  This  locomotive  is  a  fine  example  of  proportions  and 


Fig.  326. 


Eamsbottom’s  Feed  Water  Picking-up  Apparatus. 

crank  pins.  The  coal-burning  arrangements  of  the  furnace  are 
according  to  the  system  of  M.  Tenbrinck.  The  grate  is  long,  and 
has  a  considerable  downward  slope  from  the  furnace  mouth  forwards. 
The  flame  rising  from  the  fuel  is  deflected  towards  the  door,  to  meet 


Fig.  327. 


Neilson's  Express  Locomotive — Sectional  Elevation. 


workmanship.  It  is  the  only  engine  exhibited  in  which  the  inertia 
is  balanced  by  a  thickening  of  the  inner  rim  of  the  driving  wheel, 
instead  of  a  counterpoise  between  the  spokes. 

The  express  passenger  engine,  France,  1012,  is  exhibited  by  the 
Paris  and  Orleans  Railway  Company,  having  been  made  at  their 


air  entering  there,  by  means  of  a  water  table  having  a  slope  nearly 
parallel  to  that  of  the  grate. 

The  express  passenger  engine,  Austria,  549  (called  the  “Duplex”), 
is  exhibited  by  the  Imperial  and  Royal  Austrian  State  Railway 
Company,  and  was  designed  by  John  Haswell,  Esq.,  the  manager 

2  M 
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of  their  engineering  works.  It  is  represented  in  Fig.  328.  The 
driving  wheels  are  G'74  feet  in  diameter,  and  are  placed  to  the  rear 
of  the  other  two  pairs  of  wheels ;  the  bearings  are  outside ;  the 
wheel  base,  for  the  purpose  of  passing  easily  round  curves,  is  short, 
being  about  11  feet;  the  cylinders  are  outside,  and  are  four  in 
number,  of  11  inches  in  diameter,  and  25  inches  stroke  ;  the  area 
of  fire-grate  is  15  square  feet,  of  fire-box  surface  84  square  feet,  of 
tube  surface  12G0  square  feet.  The  engine,  when  in  working  order, 
weighs  32  tons,  of  which  about  12^  tons  rest  on  the  driving  wheels. 
The  four-cylindercd  arrangement  is  designed  with  a  view  to  the 
balance  of  inertia,  and  possesses  originality  and  merit  of  a  very  high 
order.  Each  end  of  the  axle  is  driven  by  a  pair  of  cylinders  lying 
side  by  side,  in  which  the  pistons  move  in  opposite  directions,  and 
thus  a  balance  of  inertia  is  effected  of  a  much  more  perfect  kind 
than  can  be  obtained  by  any  system  of  revolving  counterpoises. 
The  compound  cranks,  which  are  exposed  to  a  somewhat  severe 
and  complex  strain,  are  made  of  Krupp’s  cast-steel.  By  an  ingenious 
arrangement,  the  distribution  of  the  steam  is  effected  in  each  pair  of 
cylinders  by  one  slide-valve.  This  engine  being  hung  up  to  test 


United  Kingdom,  1316,  is  a  six- wheeled  engine  made  for  the 
Eastern  Counties  Railway  Company  by  Messrs.  R.  Stephenson  & 
Company,  from  the  design  of  Robert  Sinclair,  Esq.,  locomotive 
superintendent.  The  four  driving  wheels  are  6  feet  in  diameter, 
the  wheel  base  about  15  feet;  the  cylinders  are  outside,  of  17 
inches  diameter,  and  14  inches  stroke;  the  weight  of  the  engine  is 
30  tons  6  cwt.,  of  which  about  two-thirds  rests  on  the  coupled 
wheels.  Krupp’s  steel  is  used  in  the  tires  and  axles.  This  engine 
is  one  of  the  ordinary  goods  engines  of  the  line,  which  has  been  for 
some  time  in  use,  and  is  exhibited  in  order  to  show  its  good  condi¬ 
tion  after  having  run  44,950  miles.  Along  with  it  are  exhibited  a 
pair  of  wheels  and  an  axle,  having  axle-boxes  provided  with  friction 
rollers,  which  have  run  13,500  miles,  and  are  still  in  good  condition. 

Zollverein  (Prussia),  1254,  is  a  six-wheeled  goods  engine  by  Mr. 
A.  Borsig  of  Berlin.  The  four  driving  wheels  are  about  4|  feet  in 
diameter;  the  cylinders  are  outside,  of  17  inches  diameter,  and  22 
inches  stroke.  The  variable  expansion  is  effected  by  means  of  a 
double  slide.  The  weight  of  the  engine  is  32  tons,  of  which  26 
tons  rest  on  the  driving  wheels.  The  tender  carries  from  3  to  3J 


Austrian  Express  Locomotive — Side  Elevation. 


its  steadiness  by  experiment,  and  driven  at  400  revolutions  per 
minute  (corresponding  to  96  miles  an  hour),  the  extent  of  horizontal 
oscillation  was  l-12th  of  an  inch,  and  that  of  vertical  oscillation  about 
1  -5th  of  an  inch  ;  so  that  the  steadiness  anticipated  by  theory  was 
realized  by  experiment.  It  has  run  upon  the  railway  at  a  speed  of 
14  German  miles,  or  nearly  70  British  miles  per  hour.  (For  details, 
see  “  Mittheilungen  iiber  die  zur  Londoner  Ausstellung  im  Jahre 
1862,  von  der  k.  k.  priv.  CEsterr.  Staats-Eisenbalm-Gesellschaft 
gesendeteu  Gegenstaende.”) 

3.  Special  remarks  on  Division  B. — General  Traffic  Locomotives 
with  two  pairs  of  wheels  coupled. — The  engine  and  tender,  United 
Kingdom,  1230,  are  made  by  Sir  W.  G.  Armstrong  &  Company 
for  the  East  Indian  Railway  Company.  The  engine  is  six- wheeled ; 
the  four  driving  wheels  are  5  feet  7  inches  in  diameter ;  the  cylinders 
outside,  of  15^  inches  diameter,  and  22  inches  stroke;  the  area  of 
fire-box  surface  is  102  square  feet;  of  tube  surface  1043  square  feet. 

United  Kingdom,  1250,  is  a  light  six- wheeled  tank-engine,  by 
Messrs.  G.  England  &  Company.  The  driving  wheels  are  3i  feet 
in  diameter.  The  advantages  of  engines  of  this  class  in  point  of 
economy,  for  branch  line  traffic  and  light  loads,  are  well  known. 


tons  of  fuel,  and  1150  gallons  of  water.  This  engine  is  remarkable 
for  the  lightness  of  its  connecting  and  coupling  rods,  which  are  made 
of  cast-steel. 

Zollverein  (Saxony),  2319,  is  a  goods  engine,  by  Mr.  Richard 
Hartmann  of  Chemnitz.  It  has  four  coupled  driving  wheels,  and  a 
two- wheeled  fore  carriage,  jointed  to  the  main  carriage  to  facilitate 
the  passing  round  curves.  The  driving  wheels  are  4J  feet  in 
diameter;  the  wheel  base  11  feet  8f  inches;  the  cylinders  are 
outside  of  15  inches  diameter  and  22  inches  stroke;  the  eccentrics 
and  valve  gear  are  outside  the  crank  pins;  the  area  of  grate  is  11 J 
square  feet;  of  fire-box  surface  70  square  feet;  of  tube  surface  790 
square  feet.  The  weight  of  the  engine  is  28  tons,  of  which  20  tons 
16  cwt.  rest  on  the  coupled  driving  wheels. 

This  engine  is  a  specimen  of  a  class  commonly  used  for  steep 
gradients  and  sharp  curves  in  Saxony.  It  presents  the  only  example 
in  the  Exhibition  of  a  form  of  the  jointed  fore-carriage,  first  used  in 
America,  which  is  a  great  improvement  on  the  four-wheeled  “  bogey” 
with  its  pivot  in  its  own  centre ;  in  the  improved  form  the  fore¬ 
carriage,  having  two  wheels,  turns  about  a  vertical  axis  which  is 
near  the  middle  of  the  length  of  the  engine. 
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4.  Special  Remarks  on  Division  c. — Heavy  Traffic  Locomotives , 
with  three  pairs  of  wheels ,  coupled. — United  Kingdom,  1251,  is  a 
goods  locomotive  made  for  the  Midland  Railway  Company  by 
Messrs.  W.  Fairbairn  &  Sons,  according  to  the  design  of  Mr.  Kirtley, 
locomotive  superintendent.  The  six  wheels  are  5  feet  2  inches  in 
diameter,  coupled  with  outside  cranks.  The  bearings  are  both  inside 
and  outside  for  the  crank  axle,  outside  only  for  the  others.  The 
cylinders  are  inside,  of  16  inches  diameter,  and  24  inches  stroke. 
The  area  of  fire  grate  is  about  14J  square  feet,  of  heating  surface 
1130  square  feet.  The  weight  of  the  engine,  in  working  order,  is 
3l£  tons.  The  boiler  is  made  without  angle  iron,  the  plates  of  the 
barrel  being  flanged  at  the  ends.  This  construction  is  favourable  to 
strength.  The  engine  is  an  excellent  example  of  a  common  and 
useful  class  of  locomotives. 

United  Kingdom,  1299,  is  a  coal-burning  heavy  goods  engine, 
made  for  the  London,  Chatham,  and  Dover  Railway,  by  Messrs. 
Sharp,  Stewart,  &  Company.  A  vertical  longitudinal  section  of  it  is 
given  in  Fig.  329.  The  wheels  are  5  feet  in  diameter ;  the  wheel¬ 


steep  slope ;  and  the  bars  are  narrow,  and  have  very  narrow  spaces 
between  them.  The  arrangement  and  workmanship  are  good. 

France,  1022,  is  a  goods  engine,  made  for  the  Orleans  Railway, 
and  exhibited  jointly  by  Messrs.  J.  F.  Cail  &  Company,  and  Messrs. 
Parent,  Schaken,  Caillet,  &  Company.  The  chief  peculiarity  con¬ 
sists  in  its  being  adapted  to  move  round  curves  by  having  the  leading 
and  trailing  axles  made  capable  of  motion  endwise,  or  transversely 
to  the  engine.  Springs  acting  horizontally  tend  to  bring  each  of 
those  axles  to  its  middle  position.  This  arrangement  is  the  inven¬ 
tion  of  M.  Caillet. 

Italy,  1002,  is  a  goods  locomotive,  made  at  the  Engine  Works  of 
Pietrarsa,  near  Portici,  and  called  the  “  Garigliano.”  Its  execution 
is  creditable.  The  reversing  gear  is  balanced  by  means  of  a  spring 
instead  of  a  weight,  which  arrangement  has  some  advantages  in  point 
of  lightness. 

5.  Special  Remarks  on  Division  D  :  Heavy  Traffic  Engines  with 
four  or  more  pairs  of  wheels ,  coupled. — The  construction  of 
engines  of  this  class  originated  with  the  necessity  of  drawing  very 


Fig.  329. 


base  15-3,  feet;  the  cylinders  are  inside,  of  17  inches  diameter,  and 
24  inches  stroke ;  the  area  of  fire-grate  is  unusually  large,  being 
27^-  square  feet;  the  fire-box  surface  is  also  large,  being  120^  square 
feet;  the  tube  surface  is  1063  square  feet;  the  boiler  is  fed  by  a 
pair  of  Giffard’s  injectors,  without  pumps.  The  weight  of  the  engine 
is  when  empty  28  tons  11J  cwt. ;  when  full  32  tons  1  cwt.  This 
engine  is  of  the  highest  order  of  merit  as  to  proportions,  arrangement, 
and  workmanship. 

The  coal-burning  arrangement  is  Mr.  Cudworth’s.  The  grate  is 
very  long,  measuring  7  feet  3j  inches  in  length  ;  it  slopes  downwards 
from  the  door  towards  the  front,  and  is  divided  longitudinally  by  a 
partition  or  “mid-feather;”  and  smoke  is  prevented  by  alternate 
firing,  and  by  letting  the  gas  distil  from  the  coal  near  the  fire  doors 
before  pushing  the  fuel  forward. 

Belgium,  203,  is  a  goods  locomotive,  exhibited  by  the  firm  called 
“  La  Society  anonyme  des  Hautes  Fourneaux,  Usines,  et  Charbon- 
nages  de  Marcinelle  et  Couillet.”  The  wheels  are  5  feet  in  diameter ; 
the  cylinders  are  inside,  of  18  inches  diameter,  and  24  inches  stroke. 
The  coal-burning  arrangement  is  that  of  M.  Belpaire,  and  is  adapted 
to  the  use  of  very  small  coal.  The  grate  is  very  long,  and  has  a 


heavy  loads  up  very  steep  ascents.  They  are  all  small- wheeled, 
with  all  the  wheels  coupled,  are  very  heavy,  and  carry  their  own 
fuel  and  water-tanks  in  order  to  increase  the  adhesion. 

In  the  present  Exhibition  two  specimens  of  engines  of  this  class 
are  exhibited,  made  respectively  in  France  and  in  Austria.  Under 
the  number,  France,  1032,  is  exhibited  an  eight-wheeled  coupled 
goods  engine,  made  for  the  Northern  of  France  Railway  Company 
by  Messrs.  Ernest  Gouin  &  Company,  under  the  direction  of  M. 
Jules  Petiet,  engineer  of  the  railway  company.  The  wheels  are  3J 
feet  in  diameter  ;  the  wheel-base  about  15  feet  long ;  the  whole  of 
the  axle  bearings  are  inside  the  wheels,  and  the  mechanism  outside. 
The  cylinders  are  outside,  of  18-9  inches  diameter,  and  18  9  inches 
stroke.  The  coal  bunkers  contain  2  tons  of  coal.  The  water  tank 
contains  about  5f  tons  of  water ;  it  is  placed  below  the  boiler,  and 
partly  between  the  wheels.  The  boiler  is  placed  at  a  high  level, 
the  axis  of  its  barrel  being  nearly  7 \  feet  above  the  rails;  this 
enables  the  fire-box,  which  is  nearly  cubical,  to  be  made  of  great 
breadth,  overhauging  the  wheels  at  both  sides  ;  and  thus  is  obtained 
the  very  large  fire-grate  area  of  28  square  feet.  The  grate  is  of  the 
kind  already  mentioned  under  the  head  of  Belgium,  203.  The 


276  RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


fire-box  healing  surface  is  108  square  feet,  the  tube  surface  1557 
square  feet,  and  the  surface  of  steam-drying  apparatus  129  square 
feet.  That  apparatus  is  arranged  in  the  following  manner  : — As  the 
height  of  the  engine  is  too  great  to  admit  of  the  chimney  standing 
upright  under  the  bridges,  it  bends  through  a  right  angle  above  the 
smoke-box,  runs  horizontally  backwards  along  the  top  of  the  boiler, 
and  finally  turns  upwards  through  a  small  height  above  the  fire-box. 
The  horizontal  part  of  the  chimney  is  traversed  lengthwise  by  a 
number  of  tubes,  through  which  the  steam  passes  on  its  way  to  the 
cylinders. 

The  boiler  barrel  is  coated  with  staves  of  pinewood,  outside  which 
is  a  coating  of  polished  sheet  brass  that  envelopes  the  horizontal 
part  of  the  chimney  also.  That  coating  has  been  found  to  be  at 
once  durable,  and  effective  in  preventing  the  radiation  of  heat.  The 
boiler  is  fed  by  a  pair  of  Giffard’s  injectors. 

The  platform  or  foot-plate  is  spacious  and  convenient,  and  is 
protected  by  a  roof. 

A  sand-box  rests  on  the  chimney,  and  drops  sand,  when  required, 
through  tubes,  upon  the  rails. 


inches  in  diameter,  with  a  wheel-base  of  7  feet  4  inches.  The  after¬ 
carriage,  which  supports  the  coal-box,  the  tank,  and  the  fire-box  end 
of  the  boiler,  has  four  wheels,  3  feet  4  inches  in  diameter,  with  a 
wheel-base  of  7  feet  4  inches ;  the  mean  distance  from  the  hind  axle 
of  the  fore-carriage  to  the  front  axle  of  the  after-carriage  is  4  feet 
9  inches ;  giving  a  mean  total  wheel-base  of  19  feet  5  inches.  The 
bearings  are  outside  the  wheels;  the  cylinders  are  outside  the 
bearings,  and  are  of  18^  inches  diameter  and  25  inches  stroke ; 
the  slide-valve  gear  is  inside  the  wheels. 

The  wheels  are  cast-iron  discs,  with  cast  steel  tires. 

The  tank,  which  is  in  two  divisions,  one  at  each  side  of  the  fire¬ 
box,  holds  about  5  tons  of  water  ;  the  coal-box  about  2  tons  of  fuel. 

The  grate  measures  somewhat  more  than  15  square  feet  in  area  ; 
the  fire-box  surface  is  about  80  square  feet,  the  tube  surface  about 
1260  square  feet. 

The  boiler  frame  rests  on  the  after  carriage  by  means  of  slides, 
which  allow  of  sufficient  change  of  position  in  going  round  curves. 

The  engine  weighs  when  full  about  42  tons. 

It  has  been  proved  by  experience  to  be  capable  of  drawing  200 
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Austrian  Ileavy  Traffic  Locomotive — Elevation. 


The  general  outward  appearance  of  the  boiler  is  similar  to  that  of 
the  boiler  of  an  engine  of  which  an  illustration  is  given  further  on, 
under  the  head  of  Division  E. 

The  engine  weighs  31  2  tons  when  empty,  42-3  tons  when  full. 

The  ordinary  working  pressure  of  steam  is  about  120  lbs.  on  the 
square  inch. 

This  engine  is  specially  designed  for  drawing  heavy  loads  up 
ascents,  of  which  some  are  as  steep  as  1  in  20 ;  and  it  must  be  con¬ 
sidered  as  an  admirable  example  of  judicious  arrangement  and 
combination,  and  of  the  adaptation  of  mechanical  means  to  accom¬ 
plish  an  end.  A  complete  description  of  it  and  of  other  engines 
used  by  the  same  company,  is  published  in  a  pamphlet  entitled 
“  Notice  sur  les  trois  types  de  Locomotives  exposes,”  &c. 

The  like  praise  is  justly  due  to  the  ten-wheeled  engine,  Austria, 
548,  called  the  “  Steierdorf,”  and  exhibited  by  the  Imperial  and 
Royal  Austrian  State  Railway  Company,  at  whose  works  it  was 
made,  under  the  direction  of  Mr.  Haswell.  A  side  elevation  of  this 
engine  is  given  in  Fig.  330.  It  has  a  jointed  carriage  to  enable  it 
to  pass  round  curves.  The  fore-carriage,  which  supports  the 
mechanism  and  the  front  part  of  the  boiler,  has  six  wheels  3  feet  4 


tons  up  an  ascent  of  1  in  40,  with  curves  of  300  feet  radius,  at  an 
average  speed  of  about  10  miles  an  hour. 

The  most  remarkable  feature  of  this  engine  is  the  ingenious, 
simple,  and  efficient  mechanism  whereby  motion  is  communicated 
from  the  wheels  of  the  fore  carriage  (which  are  directly  driven  by 
the  engine)  to  those  of  the  after  carriage,  notwithstanding  the  joint 
between  them,  and  their  relatively  oblique  position  while  the  engine 
passes  round  curves.  The  first  contrivance  for  effecting  that  pur¬ 
pose  was  invented  about  1851,  by  the  eminent  engineer,  Mr.  Engerth  ; 
who,  in  order  to  render  available  the  adhesion  of  the  wheels  of  the 
tender  of  an  engine  for  ascending  the  Semmering  Pass,  connected 
the  hind  axle  of  the  engine  with  the  fore  axle  of  the  tender  by  means 
of  toothed  gearing.  That  mechanism,  although  it  answered  its 
purpose  well  at  first,  was  found  to  want  durability.  The  first  idea 
of  the  kind  of  mechanism  now  employed  was  the  invention  of  Mr. 
Kirchweger  of  Hanover ;  the  actual  design  for  the  couplings  used 
in  the  present  engine  is  due  to  Mr.  Pius  Fink. 

In  the  following  description,  the  hind  axle  of  the  fore  carriage 
will  be  called  “  the  third  axle,”  and  the  fore  axle  of  the  after  carriage 
“  the  fourth  axle.” 
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About  two  feet  directly  above  the  fourth  axle  is  an  axle  which 
may  be  called  “  the  intermediate  axle.”  It  is  supported  upon  the 
fourth  axle  by  two  uprights,  whose  bearings  are  ball  and  socket 
joints,  so  that  they  admit  of  those  axles  becoming  oblique  to  each 
other  horizontally. 


construction  by  Messrs.  Ernest  Gouin  &  Company,  are  exhibited, 
under  France,  1032,  by  the  Northern  of  France  Railway  Company, 
and  their  engineer,  M.  Petiet,  and  described  in  the  pamphlet  referred 
to  under  Division  d. 

This  class  of  engine  has  two  pairs  of  cylinders,  each  pair  of 


Fig.  331. 


French  Ten-wheeled  I  our-cylindered  Locomotive — Elevation. 


The  intermediate  axle  is  kept  exactly  parallel  to  the  third  axle 
by  means  of  a  pair  of  sloping  rods. 

Each  of  those  three  axles  has  a  pair  of  cranks  on  its  ends,  at  right 
angles  to  each  other.  The  cranks  of  the  intermediate  axle  are  con¬ 
nected  with  those  of  the  third  axle,  and  also  with  those  of  the  fourth 
axle,  by  means  of  four  connecting  rods,  all  of  which  have  ball  and 
socket  joints;  and  thus  a  uniform  rotation  is  communicated  from 
the  wheels  of  the  fore  carriage  to  those  of  the  hind  carriage  in  all 
their  relative  positions. 


cylinders  driving  its  own  independent  set  of  wheels ;  so  that  the 
engine  is  like  two  ordinary  engines  fixed  together  end  to  end,  with 
a  single  boiler  of  great  size. 

In  the  passenger  engine,  represented  in  Fig.  331,  there  are  four 
driving  wheels,  two  on  each  of  the  endmost  axles,  of  5  feet  3  inches 
in  diameter;  and  six  small  intermediate  wheels.  The  comparatively 
small  size  of  the  driving  wheels  has  been  adopted  for  the  sake  of 
lightness  and  cheapness ;  it  is  made  compatible  with  a  high  speed 
by  giving  a  sufficient  rapid  stroke  to  the  pistons. 


Manning,  Wardle,  &  Co.’s  Small  Locomotive — Elevation. 


Full  details  of  the  theory  and  construction  of  this  coupling  are 
given  in  the  publication  formerly  referred  to  under  the  head  of 
Austria,  549 — “  Mittheilungen,”  &c. 

6.  Special  Remarks  on  Division  E :  Locomotives  with  two  inde¬ 
pendent  engines. — Two  drawings  (by  M.  Fouche)  of  engines  of  this 
class — a  passenger  engine  and  a  goods  engine — now  in  course  of 


In  the  goods  engine  there  are  twelve  wheels,  forming  two  sets  of 
six  coupled  wheels,  ?j\  feet  in  diameter. 

The  bearings  are  all  inside,  the  cylinders  and  mechanism  outside. 
The  two  slide-valve  motions  are  acted  upon  by  one  reversing 
handle ;  but  there  are  two  independent  regulators. 

The  general  construction  of  the  boiler  is  exactly  similar  to  that 
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of  the  boiler  of  the  eight-wheeled  engine,  already  described  in 
Division  d.  The  power  of  going  round  curves  is  provided  for  by 
giving  end-play  to  the  axles. 

The  following  table  gives  the  rest  of  the  principal  dimensions : — 


Diameter  of  cylinders, 

Passenger  Engine. 

.  14'2  inches 

Goods  Engine. 
16-5  inches 

Stroke,  ..... 

13-4  “ 

17-3  “ 

Area  of  grate, 

.  28  sq.  feet 

36  sq.  feet 

Fire-box  surface, 

.  108  “ 

108  “ 

Tube  surface, 

.  1557  “ 

2034  “ 

Surface  of  steam-drying  tubes,  . 

.  129  “ 

154  “ 

Contents  of  water-tank, 

.  7  tons 

8  tons 

“  coal-box, 

2  “ 

2i  a 

Weight  of  engine,  empty, 

35  “ 

41  “ 

“  full,  . 

Load  on  driving  wheels,  engine  full, 

47  J  “ 

564  “ 

21  “ 

£6 1  “ 

Working  pressure  about  120  lbs.  on  the  square  inch. 

Those  engines  are  excellent  examples  of  a  simple  and  convenient 
method  of  obtaining  great  power. 

7.  Special  Remarks  on  Division  f  :  Small  Locomotives  for  Con¬ 
tractors,  &c. — Of  these,  three  very  good  examples  are  exhibited : 
United  Kingdom,  1266,  by  the  Lillieshall  Company;  1274,  by 
Messrs.  Manning,  Wardle,  &  Company ;  and  1278,  by  the  Neath 
Abbey  Company.  They  all  exhibit  the  usual  and  well-known 
construction ;  having  four  small  coupled  wheels,  carrying  their  own 
water,  fuel,  &c. 

No.  1274  deserves  special  notice,  on  account  of  its  good  design, 
materials,  and  workmanship,  and  the  utility  of  which  it  proved  in 
moving  goods  about  the  Western  Annex.  It  is  represented  in 
Fig.  332 ;  and  its  leading  dimensions  are  as  follows  : — Diameter  of 
wheels,  2  feet  9  inches ;  cylinders,  outside,  9  inches  diameter,  14 
inches  stroke ;  tank  holds  250  gallons ;  weight  of  engine,  full,  10^ 
tons.  It  can  be  adapted  to  any  gauge  from  3  feet  upwards.  Work¬ 
ing  pressure,  120  lbs.  on  the  square  inch. 

8.  Special  Remarks  on  Division  G :  Separate  parts  of  Loco¬ 
motives. — United  Kingdom,  1228,  is  a  working  model  of  the  straight- 
link  valve  motion  of  Alexander  Allan,  Esq.,  C.E.,  locomotive  super¬ 
intendent  of  the  Scottish  Central  Railway.  It  is  represented  in 
Fig.  333.  It  has  great  advantages  in  point  of  lightness  and  com- 


Fig.  333. 


pactness,  and  in  being  self-balanced  without  a  counterpoise ;  and  it 
has  been  found  to  answer  well  in  practice.  Its  principle  is,  that 
instead  of  shifting  the  link  only,  as  in  Stephenson’s  link-motion,  or 
the  slider  only,  as  in  Gooch’s,  the  link  and  slider  are  shifted  at  the 
6ame  time  in  opposite  directions. 

United  Kingdom,  1236,  is  a  model  of  the  simple  and  useful  feed- 
water  heating  apparatus  of  Mr.  S.  S.  Bateson.  It  is  shown  in 
Fig.  334.  The  feed-water  is  forced  through  a  tube  or  coil  placed 
in  the  fire-box  before  it  enters  the  boiler.  By  the  use  of  an  internal 


perforated  safety-tube,  there  is  no  possibility  of  the  water  in  the 
coil  assuming  the  spheroidal  condition.  Each  end  of  this  internal 
tube  is  connected  with  the  water  space  of  the  boiler,  and  in  the 
event  of  any  tendency  of  the  water  in  the  coil  towards  a  spheroidal 
condition,  a  small  jet  of  water  is  forced  by  the  pressure  of  the  water 
in  the  boiler  through  the  perforation  nearest  the  spot,  which  at  once 
restores  circulation  and  prevents  any  risk  of  injury  to  the  coil. 

Three  locomotive  engines  on  the  London  and  North-Western 
Railway  have  been  fitted  with  this  apparatus,  with  successful  results. 


Fig.  334. 


Bateson’s  Feed-water  Heating  Apparatus. 


The  authors  have  to  return  thanks  for  information  placed  at  their 
disposal  by  several  of  the  foreign  commissioners,  and  by  various 
individuals,  none  of  whom  space  enables  them  to  name. 

NOTE  AS  TO  THE  UNIVERSAL  EXHIBITION  AT  PARIS  IN  1855.* 

In  the  preceding  article  a  comparison  has  been  drawn  between 
the  locomotives  exhibited  in  1851  and  1862,  respectively.  The  loco¬ 
motives  exhibited  in  1855  may  be  correctly  characterized  in  general 
terms  by  stating,  that  they  occupied  a  position  intermediate  between 
those  of  1851  and  those  of  1862;  but  there  are,  besides,  some  special 
points  of  comparison  which  are  worth  mentioning. 

The  high-speed  locomotives  of  1855  were  marked  by  the  prevail¬ 
ing  use  of  arrangements  adapted  to  the  combination  of  large  driving 
wheels  with  a  low  centre  of  gravity,  such  as  the  placing  of  the  driving- 
axle  behind  the  fire-box  (Crampton’s  system),  or  the  suspension 
of  a  large  portion  of  the  boiler  below  the  driving-axle,  the  wheels 
in  the  latter  case  having  the  enormous  diameter  of  9  feet  4  inches. 
No  examples  of  those  systems  are  to  be  met  with  amongst  the 
locomotives  exhibited  in  1862. 

One  of  the  heavy  traffic  engines  of  1855,  the  “Due  de  Brabant,” 
weighed  when  full  64  tons;  another  weighed  60  tons — being  greater 
than  the  weight  of  any  locomotive  in  the  present  Exhibition. 

The  heavy  traffic  engines  of  1855  comprised  several  examples  of 
Engerth’s  system  of  coupling  the  axles  of  the  fore  and  after  carriage 
by  means  of  toothed  wheels — a  system  now  superseded  by  the 
improved  mechanism  described  under  the  number — Austria,  548. 

Several  of  the  locomotives  of  1855  had  feed-pumps  driven  by 
donkey-engines,  a  contrivance  which  is  now  almost  superseded  by 
Giffard’s  injectors. 

*  For  a  clear  and  masterly  account  of  the  locomotives  exhibited  in  1855,  the 
reader  may  he  referred  to  the  excellent  report  drawn  up  by  Professor  J.  M.  da 
Ponte  e  Horta,  member  of  the  Portuguese  Commission.  ( Relatorio  sobre  a 
Exposiqao  Universal  de  Paris — Machinasde  Vapor:  Lisboa,  1857.) 
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7.  RAILWAY  ROLLING  STOCK. 

By  W.  Bridges  Adams,  Esq.,  C.E. 

HE  advent  of  railways  would,  it  was  at 
first  supposed,  by  reason  of  their  level 
surface,  render  carriage  springs  unneces¬ 
sary.  Then  it  was  thought  that  springs 
a  foot  in  length  would  do ;  and  the  length 
went  on  increasing,  till  now,  that  springs 
are  applied  6  feet  in  length  for  vehicles, 
down  to  2  feet  6  inches  for  waggons. 
The  value  of  a  spring  in  giving  ease  is 
in  proportion  to  its  length.  The  four 
springs  of  a  first-class  carriage  on  a 
railway  are  in  length  24  feet.  A  road  vehicle  with  open  double 
elliptics  3  feet  in  length  has  24  feet  also,  but  the  elliptics  are  a 
double  tier  and  the  first  class  is  a  single  tier.  An  omnibus  with  a 
double  tier  has  also  21  to  24  feet  length.  But  the  railway  carriage, 
from  the  very  elevated  position  of  the  centre  of  gravity,  tends  to 
oscillate,  and  so  the  swimming  play  of  the  springs,  which  alone  can 
obviate  vibration,  is  carefully  avoided. 

But  more  than  all  this  is  the  condition  of  the  wheels,  which  are 
not  true  wheels  but  rollers — in  principle,  garden  rollers.  Were  such 
structures  placed  under  road  omnibuses  the  horses  would  scarcely 
move  them,  and  it  is  only  the  comparative  facility  of  sliding  on  rails 
that  permits  movement — which  is  not  rolling — thereon.  The  de¬ 
struction  of  tires  and  rails  with  such  great  rapidity  as  occurs,  is 
evidence  of  this.  True  rolling  is  simply  a  transference  of  surfaces. 
Sliding  or  sledging  is  the  abrasion  of  surfaces,  which  mere  iron  will 
not  endure,  and  so  hard  steel  is  resorted  to,  in  the  use  of  tires  vary¬ 
ing  from  sixty  to  eighty  pounds  per  ton. 

Diatribes  without  end  have  been  written  on  the  evil  results  of 
want  of  communication  between  passengers  and  guard,  and  guard 
and  driver  in  railway  trains;  and  innumerable  are  the  contrivances 
of  horns,  and  bells,  and  electricity,  and  steam,  and  cords,  and  blow¬ 
ing  apparatus,  and  even  shooting  apparatus,  that  have  been  devised 
to  meet  the  difficulty.  But  they  do  not  meet  the  difficulty.  Striking 
a  gong  at  high  speeds,  or  shooting  a  whistling  bolt  past  the  driver’s 
head,  as  proposed  by  Captain  Norton,  at  tbe  chance  of  shooting  it 
through  his  or  somebody  else’s,  is  not  enough.  It  will  not  help  a 
passenger  who  finds  himself  vis-a-vis  with  a  madman  in  a  first 
class  compartment,  or  any  other  case  of  outrage.  It  will  not 
help  an  invalid  suffering  from  illness;  it  will  not  help  in  case  of  a 
guard  in  a  fit,  or  many  other  circumstances.  The  only  true 
remedy  is  bodily  communication  from  one  end  of  the  train  to  the 
other,  and  the  true  problem  to  solve  is  how  to  accomplish  this.  It 
could  be  done  easily  on  all  the  existing  lines,  were  it  not  a  question 
of  expense  in  the  alteration  of  station  platforms  and  vehicles. 

Almost  all  tunnels  will  easily  admit  carriages  of  10  feet  in  width; 
but  the  usual  width  does  not  exceed  8  feet,  and  to  that  width  or  less 
the  station  platforms  are  accommodated.  If,  therefore,  carriages  10 
feet  in  width  were  used,  the  platforms  would  have  to  be  altered. 
It  would  be  difficult  to  persuade  tbe  owners  of  existing  lines  to  do 
this,  but  there  would  be  no  difficulty  with  any  integral  lines  which 
have  yet  to  be  made.  Other  things  being  equal,  it  is  not  desirable 
to  have  a  very  long  and  narrow  train;  it  will  not  be  so  easy  of  draught 
as  a  wide  train  of  moderate  length.  To  increase  the  width  of  vehicles 
from  8  feet  to  10  ought,  therefore,  to  diminish  the  length  of  a  train 
by  one-fourth.  It  maybe  objected  that  this  great  width  on  a  4  feet 
8  inch  gauge  of  way  is  to  risk  oscillation ;  but  it  is  not  so  in  prac¬ 
tice.  It  is  only  a  question  of  proper  construction.  Carriages  have 
been  made  9  feet  wide  without  any  difficulty  in  want  of  balance, 


and  with  a  very  great  increase  of  safety.  Ten  feet  of  width  would 
enable  us  to  construct  a  carriage — first  class — with  a  central  closed 
passage  2  feet  in  width,  and  on  each  side  of  it  a  range  of  first-class 
bodies,  each  for  four  persons.  These  bodies  would  be  accessible 
externally  as  usual,  and  internally  from  the  passage,  or  across  the 
passage,  from  one  body  to  the  other.  At  the  end  would  be  an  open 
gallery.  Second  and  third  class  would  simply  need  an  opening 
through  the  seats  of  fourteen  inches.  In  this  mode  the  passengers 
of  each  class  entering  from  the  sides,  as  usual,  would  be  confined 
each  to  their  own  division,  but  the  guard  would  have  facility  of 
communication  along  the  whole  train.  The  internal  doors  would  all 
be  sliding.  It  is  hardly  to  be  supposed  that  this  will  be  attempted 
in  existing  lines,  except  under  pressure  of  competition;  but  in  cases 
of  unexpected  traffic  the  extra  2  feet  in  width  would  prove  a  con¬ 
siderable  accommodation  to  passengers,  who  on  holidays  would  rather 
stand  up  than  not  be  carried.  It  would  add  25  per  cent,  to  the 
carrying  capacity,  and  if  rightly  managed  would  not  add  to  the  weight 
of  each  carriage,  while  it  would  very  considerably  diminish  the  dead 
weight  of  tbe  whole  train.  The  arrangement  of  springs  and  wheels 
would  need  improving,  and  the  facilities  for  warming  and  ventilation 
would  be  greatly  increased. 

ZOLVEREIN',  No.  1252. — Berlin  Joint  Stock  Railway  Requisite 
Manufacture. — A  pair  of  carriages  are  shown,  in  the  construction  of 
which  much  thought  is  evident.  In  the  side  framings  iron  is  sub¬ 
stituted  for  wood  in  the  form  of  two  beams  10  inches  deep  and  4 
inches  wide  at  the  upper  and  lower  head.  This  affords  attachment 
to  the  upper  beams  by  very  neat  corner  plates,  and  also  to  the  scroll 
irons,  without  in  any  way  weakening  the  plate,  as  is  common 
when  boring  vertical  holes  through  timber  to  attach  scroll  iron.  Axle 
guards  are  not  well  managed,  owing  to  adherence  to  stereotyped 
practice.  The  carriage  is  on  six  wheels,  and  there  is  a  good  arrange¬ 
ment  of  swinging  shackles  to  the  centre  wheels,  to  permit  them  to 
move  laterally  on  curves.  The  springs  are  bad,  the  plates  being  too 
short  for  their  thickness,  from  a  false  economy  in  saving  steel.  The 
wheels  have  the  tires  applied  in  the  now  exploded  form  of  bolts 
through  the  tyres.  The  body,  about  30  feet  in  length,  has  a  coupee 
at  one  end ;  the  remainder  is  divided  in  the  middle  by  two  partitions 
containing  a  lavatory  for  each  end.  At  the  extreme  end  is  a  body 
for  six  or  eight  passengers,  a  narrow  door  communicating  with  the 
next  compartment  apparently  for  ladies.  There  is  a  neat  arrange¬ 
ment  at  the  doors,  a  folding  flap  to  open  by  a  button  and  fall  down 
to  clear  out  dust  without  taking  the  door  off  the  hinges  and  to  dry 
any  moisture  running  down  the  glass.  The  lining  is  very  good  and 
complete.  The  doors  have  a  snap  lock  and  a  lever  lock  for  safety, 
as  well  as  a  private  lock. 

Pauwell’s  Company,  Belgium,  No.  199. — A  railway  carriage  on  six 
wheels,  30  feet  long,  three  compartments,  those  at  the  ends  closed, 
and  the  centre  an  open  lobby  entered  by  an  interior  door  on  each 
side,  and  communicating  with  the  ends.  Wheels  and  springs  com¬ 
mon  and  coarse.  A  good  carriage  for  comfort ;  standing  height. 

A  tawdry  railway  carriage  for  the  Pacha  of  Egypt  is  exhibited  by 
Messrs.  Wright  &  Sons,  in  white  and  gold.  There  is  nothing  new, 
merely  the  ordinary  first-class  made  very  tawdry.  It  is  of  the  class 
and  order  common  to  Lord  Mayors’  and  other  state  vehicles. 

Mr.  Ashbury  shows  a  well-built  saloon  carriage  with  tables,  in 
good  taste.  Teak  wood  highly  varnished  and  polished  outside,  and 
good  trimmings  in  the  interior. 

Close  by  is  the  waggon  said  to  have  been  built  in  a  day.  There 
is  more  curiosity  than  utility  in  this.  It  is  akin  to  the  old  agricul¬ 
tural  tour  cle  force  of  shearing  a  sheep  in  the  early  morning  and 
spinning  and  weaving  the  fleece  into  cloth,  cutting  it  out  and  sewing 
together,  that  the  provider  of  the  feast  might  wear  a  day  made  coat 
at  dinner  in  the  evening.  Division  of  labour  is  intended  to  increase 
production  and  cheapen  it.  But  in  this  case  the  labour  tools 
are  all  set  to  work  in  a  mode  to  produce  the  least  economy,  and 
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greatly  enhance  the  cost  of  the  waggon.  It  is  to  be  doubted 
whether  the  builder  would  undertake  to  build  a  hundred  waggons 
in  a  day  on  this  pattern  plan.  Had  he  taken  one  hundred  days  to 
build  one  waggon  with  any  one  of  the  manifest  improvements  that 
I  are  needed,  he  would  have  excited  less  astonishment,  but  would 
have  rendered  much  more  service  to  the  community.  Sensation 
making  is  not  progress.  Mr.  Ashbury  is  one  example  of  the  men 
who  go  ahead  by  industry  and  perseverance ;  and  it  is  quite  out  of 
keeping  for  him  to  put  a  whole  work  in  disorder  for  the  sake  of  a 
sensation,  which,  after  all,  is  not  palpable,  but  depends  upon  certi¬ 
ficates. 

It  appears  that  one  of  the  first-class  firms  amongst  manufacturers 
of  railway  stock — Brown,  Marshall,  &  Company — does  not  exhibit. 

A  table  of  fares  is  given  in  the  Prussian  carriage: — First  class, 
lfd. ;  second  class,  ljd. ;  third  class,  £d.  This  is  by  no  means  the 
beau  ideal  of  cheapness ;  but  the  first  class  are  far  more  luxurious 
than  English  carriages,  and  more  space,  the  real  element  of  cost, 
is  given  to  each  passenger.  The  second  class  are  cushioned  in 
backs  and  seats. 

BAILWAY  WHEELS — that  is  to  say,  the  flanged  circles  that  are 
fixed  to  a  revolving  shaft  beneath  engines  and  carriages — are  of 
several  kinds,  with  a  general  division  into  spoke  wheels  and  disc 
wheels.  Spoke  wheels  are  of  cast-iron,  wrought  and  cast  combined, 
and  solid  wrought-iron.  Where  wrought  spokes  combined  into  a 
frame  are  used,  they  need  a  very  large  boss  cast  on  them  to  hold 
them  firmly  together ;  but,  upon  the  whole,  they  are  a  better  wheel 
than  the  wheel  of  wrought-iron  as  commonly  made,  wherein  the  iron 
is  formed  into  a  radial  wedge  at  the  centre,  and  a  portion  of  an 
arc  at  the  periphery,  and  this  band  welded  by  a  series  of  smaller 
wedges,  the  final  result  being  that  very  rarely  is  the  metal  in  a  state 
of  rest,  one  spoke  being  in  a  state  of  tension,  and  its  neighbour  in 
a  condition  of  compression ;  so  that  when  concussion  takes  place, 
nature  asserts  her  law,  and  the  wheel  divides  itself  at  the  periphery 
to  put  the  metal  at  rest.  A  new  driving  wheel  thus  welded  has 
been  known  to  break  in  the  lathe  before  completion,  and  the 
shrinking  of  the  tire  is  apt  to  be  unequal.  A  remedy  for  this 
faulty  construction  has  been  sought  for  by  a  French  inventor — 
M.  Arbel — and  Owen  of  Rotherham  is  applying  it  in  this  country. 
The  parts  of  the  wrought-iron,  which  are  fastened  together  lightly, 
are  put  into  a  furnace.  When  the  whole  is  at  a  welding  heat, 
the  mass  is  put  between  a  pair  of  dies,  and  the  wheel  comes  out 
perfectly  stamped  to  form,  and,  if  properly  proportioned,  the  whole 
is  in  a  condition  of  rest,  and  not  likely  to  burst.  But  if  the  welding 
be  not  sound,  but  only  a  series  of  “  cold  shuts,”  with  scale  between, 
the  spokes  break  off.  But  when  completed,  the  spoke  wheel  is 
inferior  to  the  disc  wheel,  because  the  latter,  if  made  a  true  circle  to 
begin  with,  will  remain  so  to  the  end,  and,  moreover,  it  will  not 
have  the  fanning  action,  throwing  up  dust  and  dirt,  as  does  the 
spoke  wheel. 

The  disc  wheel  is  made  iu  various  ways.  In  cast-iron  the  common 
mode  is  a  double  disc,  corrugated,  and  chilled  in  the  periphery. 
These  wheels  are  apt  to  be  ovals,  but  if  true  circles  they  will  run 
a  great  while  before  they  wear  out.  In  making,  they  require  to  be 
annealed  for  a  long  time  after  taking  out  of  the  moulds.  If  single 
discs,  they  are  usually  corrugated.  Since  the  introduction  of  cheap 
cast  steel  they  are  evidently  on  the  increase  ;  and  when  they  are 
stamped  they  will  be  the  truest,  strongest,  and  lightest  of  all  wheels. 
But  making  them  in  one  piece  with  the  tire  is  evidently  a  mistake. 
The  tire  is  a  wearing  surface,  and  should  be  made  to  apply  and 
remove  in  the  simplest  mode,  without  being  obliged  to  throw  away 
the  wheel  at  the  same  time. 

In  applying  tires  to  wheels,  the  oldest  known  mode  still  largely 
used  is  that  of  shrinking  the  tire  on  hot,  and  then  boring  holes  through 
the  wearing  surface,  and  bolting  it  on.  The  object  of  bolting  is  to 
hold  the  tire  on  in  case  of  bursting.  Now,  why  should  it  burst  ? 


Firstly,  because  it  may  be  of  crystallized  iron ;  secondly,  because  it 
has  lost  one-third  of  its  strength  by  the  bolt-holes  ;  thirdly,  because 
the  shrinking  puts  it  into  a  state  of  extreme  tension ;  and  fourthly, 
by  a  bad  weld.  But  as  tires  can  be  made  solid  without  welds,  and 
as  there  is  no  need  to  apply  them  hot,  the  safety  against  bursting 
may  be  made  absolute.  Several  modes  are  resorted  to  to  get  rid 
of  bolting,  the  common  one  being  to  rivet  the  tire  to  the  wheels 
by  dovetails  on  each  side.  In  some  cases  the  front  edge  is  dove¬ 
tailed  all  round  with  a  solid  rib,  and  a  supernumerary  ring  is  applied 
behind. 

Disc  wheels  are  not  novel.  They  were  manufactured  in  Bir¬ 
mingham  twenty-one  years  back  by  rolling  solid  iron  under  conical 
rollers,  with  tire  and  all  complete.  They  failed :  first,  because  the 
tire  was  bad ;  and  secondly,  the  wheels  were  excessively  rigid,  and 
it  was  difficult  to  bolt  the  tires  to  them  when  they  required  renewal. 

Krupp  &  Bocchum,  of  the  Zolverein,  exhibit  disc  wheels  of  cast- 
steel,  both  with  solid  and  supplementary  tires.  Rocchum  fastens 
his  tires  in  a  peculiar  mode.  A  T-formed  rib  is  rolled  inside  the 
tire,  and  cut  by  the  lathe.  The  cast  disc  wheel  laps  into  this  on 
one  side,  and  a  loose  ring  is  applied  on  the  opposite  side,  which  is 
screwed  to  the  tire,  and  thus  it  is  held  fast  by  a  rebate  on  each  side. 
The  wheels  have  circular  corrugations  to  prevent  expansion  and 
contraction. 

Naylor,  Vickers,  &  Company,  of  Sheffield,  exhibit  cast-steel  disc 
wheels  of  several  kinds.  A  pair  of  driving  weels  of  7  feet  in  dia¬ 
meter  have  solid  tires,  and  are  cast  with  radial  corrugations,  which 
thoroughly  support  the  nave  better  than  a  double  disc  would  do. 
The  tires  are  honeycombed,  but  it  does  not  appear  that  this  is  a 
necessity,  and  it  can  be  avoided. 

Double  disc  wheels  from  Canada,  from  Prussia,  and  from  Austria 
are  shown.  The  tyres  are  all  chilled,  and  the  wheels  annealed. 
One  wheel  from  Canada  is  said  to  have  run  180,000  miles,  but  what 
became  of  the  opposite  wheel  is  not  stated.  There  is  no  doubt  that 
these  wheels  are  uncertain — not  truly  circular,  nor  of  the  same  exact 
diameters.  There  can  be  no  doubt  that  disc  wheels  are  preferable 
to  spoke  wheels,  because  they  are  best  adapted  to  preserve  a  true 
circular  form,  and  also  because  they  do  not  fan  the  air  and  thus 
retard  movement  and  raise  dust;  but  they  have  not  yet  been  pro¬ 
duced  in  the  best  mode.  The  best  mode  will  be  to  cast  them  of  the 
Prussian  or  similar  steel,  and  then  while  hot  to  compress  them  to  a 
true  form  by  a  powerful  hydraulic  press.  They  may  thus  be  made 
a  very  light  wheel,  three-eighths  of  an  inch  thickness  of  metal 
being  ample ;  and  other  things  being  equal,  lightness  in  a  railway 
wheel  is  an  important  consideration.  The  tires  should  be  separate 
because  they  are  the  wearing  points,  and  it  is  an  absurdity  to 
throw  away  a  whole  wheel  because  the  tire  is  worn. 

Wooden  disc  wheels  are  found  to  give  great  durability  to  the  tires 
by  cushioning  the  blows  on  the  rails  and  preserving  a  circular  form. 
Mansel’s  are  what  are  called  the  safest,  as  the  tire  is  clipped  on  each 
side  by  an  annular  ring  key  entering  into  lateral  grooves  of  the  tire, 
the  two  rings  being  bolted  together  through  the  timber.  Beattie, 
Gibson,  Burke,  and  others,  fasten  the  tires  to  the  wheels  for  the 
sake  of  safety  by  dovetailed  rings  in  grooves  of  the  tires,  the  outer 
edges  of  which  are  twisted  and  hammered  in  on  the  dovetail  to 
secure  it.  The  class  of  accidents  these  arrangements  are  intended 
to  guard  against  are  the  bursting  of  the  tire. 

But  why  should  the  tire  burst  ?  Only  because  it  is  shrunk  or 
hot,  with  a  considerable  strain,  which  is  much  exaggerated  by  a 
comparatively  light  blow  or  by  the  action  of  bolt  holes  through  it, 
and  bad  welds  facilitating  the  breakage.  Tires  do  not  burst  in  the 
process  of  rolling  through  the  rolls,  and  there  is  no  reason  why  they 
should  burst  in  rolling  over  the  rails  if  not  first  strained  to  bursting 
point.  With  this  conviction  on  his  mind  the  writer  some  time  back 
devised  a  process  for  so  applying  the  tire  that  the  wheel  rests  on  a 
continuous  hoop  spring  in  a  hollow  in  the  tire.  The  tire  is  thus 
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applied  with  a  very  light  pressure,  aud  prevented  from  coming  off 
by  a  flat  hoop  sprung  into  a  groove  at  the  back  of  the  wheel.  The 
practical  results  of  this  have  been  that  the  durability  of  the  tire  has 
been  very  greatly  increased.  Wheels  with  Staffordshire  tires  are 
exhibited  that,  after  running  106,143  miles,  are  still  in  good  running 
order.  Their  application  to  engines  gives  similar  results.  It  is 
found  in  practice  with  four  and  six  coupled  engines  that  these  wheels 
enable  them  to  move  equally,  as  a  slight  sliding  movement  of  the 
wheel  in  the  tyre  prevents  slip  on  the  rail  without  at  all  affecting 
the  draught  power  in  bite,  and  on  sharp  curves  the  flanges  are  not 
found  to  wear.  The  wear  of  flanges  is  a 
Fig.  335.  shearing  action.  Now  shears  do  not  cut  if 

the  cutter  be  loose,  and  the  tire  on  the  spring 
wheels  being  practically  loose  it  yields 
laterally  and  avoids  the  shearing.  If  tires 
be  arranged  so  that  they  merely  roll  and  do 
not  slide  there  seems  no  reason  why,  if  of 
good  metal,  they  should  not  last  out  the 
vehicles. 

In  the  results  already  obtained  of  tripled 
durability  it  is  quite  clear  that  a  saving  iu 
tires  denotes  a  corresponding  saving  in  rails. 
The  blow  which  unseats  the  rails  and 
Adams’  Wheel.  hammers  them  is  avoided,  and  the  trial 
equalizes  the  irregularities. 

RAILWAY  BRAKES. — Guerin’s  brake  is  exhibited ;  it  is  self-acting 
by  means  of  a  flying  weight  moving  into  use  when  the  train 
attains  a  certain  speed.  Fay  &  Newall  act  by  means  of  power 
accumulated  in  springs  which  are  discharged  by  a  trigger,  and  come 
into  instant  action.  Chambers’  brake  acts  by  the  agency  of  the 
guard,  with  the  advantage  that  it  can  be  applied  simultaneously  to 
several  carriages  by  one  man. 

French  system,  No.  1030.  The  frame  of  the  under  carriage  is 
so  arranged,  that  from  a  wheel  carriage  it  becomes  a  sledge  at  plea¬ 
sure.  Levers  are  connected  to  long  spring  shackles,  so  that  when 
needed  to  retard  or  not  wanted  to  move,  the  lower  frame  rests  on 
the  rails  pressing  with  the  total  weight.  By  the  action  of  the  lever 
the  frame  is  raised  from  the  rails  and  the  wheels  come  into  action. 
There  is  no  doubt  that  this  principle  is  sound ;  but  it  will  want 
much  better  mechanical  arrangements  to  make  it  practicable  than 
are  herein  shown. 

AXLE-BOXES. — The  chief  novelty  is  by  Mr.  Robert  Cuden 
Sinclair  of  the  Great  Eastern  Railway.  It  consists  of  a  series  of 
hollow  brass  rollers  about  1^  inch  diameter,  and  6  inches  long, 
filling  closely  a  space  between  the  axle  arm  and  the  box,  the  latter 
being  lined  with  a  cylinder  of  brass.  The  rollers  are  held  in  place 
with  each  other  by  a  ring  at  each  end,  into  holes  in  which  the 
roller  axes  pass.  By  this  arrangement  one  man  can  draw  the 
carriage,  which  with  the  ordinary  general  arrangement  would  re¬ 
quire  two  or  three.  Theoretically  this  system  should  be  absolutely 
free  from  friction  except  at  the  roller  ends,  and  it  will  run  without 
oil  or  grease.  Probably  the  best  method  would  be  to  keep  the 
box  well  supplied  with  water.  The  true  end  of  lubrication  is  to 
prevent  the  accumulation  of  heat.  It  is  the  generation  of  heat  by 
friction  that  requires  and  also  destroys  the  unctuous  lubricant. 
Supposing  these  roller  boxes  to  run  without  lubricant  by  a  mere 
transfer  of  surfaces,  and  that  the  rollers  were  in  time  to  wear  out,  it 
would  not  cost  more  money  to  repair  them  than  to  replace  the 
ordinary  bearing  brasses.  Great  wear  is  the  great  difficulty  of  all 
axle  bearings  from  the  incessant  blows  of  the  flanges  against  the 
rails. 

SPRINGS. — The  value  of  springs  must  be  estimated  by  the  flexure 
space  they  pass  through,  and  the  amount  of  load  they  carry,  taken 
together,  and  at  the  same  time  the  strain  being  limited  to  such  au 
amount  that  it  will  not  affect  the  ultimate  cohesion  of  the  particles. 


To  insure  durability,  the  length  of  the  spring  must  be  regulated  by 
its  thickness.  A  long  spring  may  have  thick  plates ;  a  short  spring 
must  have  thin  plates,  the  flexure  beiug  the  same,  or  breakage  will 
ensue.  A  spring  may  save  material  by  applying  it  so  that  it  does 
not  yield  elastic  action.  But  supposing  the  whole  of  the  material 
to  be  usefully  disposed,  there  must  be  such  an  amount  of  it  as  will 
distribute  the  flexure  without  breakage.  If  with  a  fixed  length  of 
spring  it  is  desired  to  increase  the  load,  it  must  be  done  either  by 
multiplying  the  number  of  the  plates  or  by  widening  them.  In 
multiplying  the  number,  if  they  work  by  sliding  one  on  another  the 
friction  may  become  too  great.  It  is  possible  to  make  springs  by 
bending  a  broad  bar  edgewise,  as  is  the  case  with  the  volute,  and 
an  enormous  resisting  power  is  gained  thereby,  but  the  space  passed 
through  is  small  compared  with  the  length  of  the  bar. 

The  varieties  of  form  in  springs  exhibited  are  numerous,  and 
some  might  evidently  be  as  well  made  of  solid  blocks  of  steel,  as 
regards  their  flexibility.  In  many  cases  the  springs  of  engines 
are  found  to  break  so  rapidly  that  they  cannot  be  kept  up.  In  fact 
the  form  denotes  this  before  hand.  One  remedy  for  it  is  to  apply 
caoutchouc  blocks  between  the  springs  and  the  load.  But  in  such 
case  the  caoutchouc  is  the  spring,  or  rather  the  cartilage  which  inter¬ 
cepts  the  direct  blow.  It  would  almost  seem  as  though  springs 
were  ignored  in  a  utilitarian  point  of  view,  and  only  regarded  as  a 
kind  of  ornament.  If  so,  it  would  be  cheaper  to  make  them  solid 
than  in  laminae.  Other  things  being  equal,  the  larger  the  amount  of 
the  steel  and  the  thinner  the  laminae  the  easier  will  be  the  spring, 
and  longer  it  will  last. 

Springs — Allan,  Sheffield  Court. — These  springs  are  intended  for 
a  varying  load.  The  largest  plate  is  below  and  curves  upwards  at 
the  ends  resting  in  the  axle-box  at  the  hooped  centre.  As  the  load 

Fig.  336. 


Allan’s  Spring. 

descends  a  second  and  shorter  plate  takes  a  raised  stop  bearing,  and 
so  through  all  the  plates,  a  cast  shoe  being  provided  with  stops  to 
fit  the  plates  in  succession. 

Adams’  Abutment  Springs — Spencer  &  Sons’,  Sheffield  Court. — 
These  springs  vary  from  all  other  springs,  inasmuch  as  they  require 
neither  scrolls,  shackles,  nor  slides,  to  work.  The  springs  are  in  two 
halves,  composed  of  two  or  more  laminae  in  a  curved  form.  The 
upper  ends  of  the  plates  abut  in  a  tension  bar  or  in  a  shoe  on  the 
frame,  and  the  lower  ends  in  or  below  the  axle  box  in  loops  of  a 


Adams'  Springs. 


saddle  passing  round  it  They  are  thoroughly  elastic  and  lively. 
As  the  load  descends,  the  springs  bear  against  the  tension  bar  or 
sole  bar,  and  thus  the  spring  shortens  its  elastic  length  and  carries  a 
greater  load.  It  is  applicable  both  for  engines,  carriages,  and  wag¬ 
gons,  replacing  ordinary  springs.  The  saving  in  scrolls,  shackles, 
and  slides,  is  considerable,  and  there  are  no  bolts  to  jingle  or  work 
loose.  This  arrangement  may  be  very  well  applied  to  two  wheels, 
dispensing  with  balance  beams.  It  is  also  well  adapted  for  traction 
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traffic  springs  and  for  safety  chains,  as  there  is  no  longitudinal  exten¬ 
sion  of  the  springs,  and  they  make  no  noise  in  working.  The  plates 
may  be  single  or  double,  or  in  any  number,  or  hooped  together  long 


Fig.  338. 


Adams’  Springs. 


and  short.  In  making  these  springs  there  is  no  work  beyond  cutting 
off  the  plates  to  length,  and  curving  them  to  shape  concentrically. 
In  working,  the  pressure  is  endwise,  and  there  is  no  friction  of  the 
plates  one  on  the  other.  They  can  be  applied  to  any  vehicle  from 


Fig.  339. 


which  the  ordinary  springs  are  removed,  by  placing  a  stirrup  saddle 
of  plane  iron  bar  round  the  axle-box  and  screwing  an  iron  tension 
bar  or  a  pair  of  cast  abutments  to  the  sole  bar.  If  new  axle  boxes 
be  used,  pockets  may  be  cast  on  the  top  or  below,  and  with  cast 
shoes  on  the  sole  bar  the  springs  can  be  applied.  If  an  iron  tension 
bar  be  used,  the  ends  of  the  bar  are  simply  cut  through  at  mid 
width,  and  the  edges  turned  up,  thus  forming  a  simple  socket. 

No.  6432,  Sheffield  Court. — A  new  arrangement  of  spring  is 
exhibited  by  C.  Cammed  &  Company,  Cyclops  Works,  Sheffield. 
3io  Pr'nc>ple  it  i3  the  ordinary  laminated  spring,  but 
the  slots  and  studs  usually  applied  to  keep  the  plates 
parallel  are  dispensed  with.  Iu  lieu  of  these  every 
alternate  plate  is  rolled  as  a  channel  beam,  the  edges 
being  ribbed  to  twice  the  depth  of  the  plate.  In  the 
channels  are  laid  the  intermediate  plates.  It  is 
claimed  that  the  steel  in  this  form  will  carry  a 
greater  load  than  in  the  ordinary  form.  If  so,  it  can 

_  .  only  be  that  the  plates  are  proportionately  thicker. 

Cammell  s  Spring.  J  .  .  r  .  ,  ,  ,  , 

In  fact  it  is  a  contrivance  to  use  the  bars  partly 

edgewise  ;  but  one  of  two  things  must  result,  the  strain  on  the  steel 
must  be  greater  or  the  flexure  space  must  be  less.  Kept  at  work 
constantly  by  the  beat  of  an  engine,  it  would  be  found  that  the 
edges  would  crack,  and  so  gradually  break  the  plates  through,  unless 
proportionate  length  were  given. 

ROAD  CARRIAGES. — Amongst  the  earliest  carriages  were  sledges 
running  on  snow,  used  in  cold  countries,  and  in  hot  countries,  as  in 
Madeira  to  this  day,  lubricated  by  means  of  water  channels.  Then 
followed  rollers,  in  the  rude  form  of  bolls  of  trees.  Then  the 
centres  and  ends  of  the  rollers  were  diminished  in  diameter  to  form 
a  shaft  with  a  kind  of  drum  on  each  side,  as  we  still  see  in  Spanish 
and  Portuguese  cars,  and  iu  the  drawings  of  old  Roman  cars,  and, 


strange  to  say,  with  the  same  principle  embodied  in  iron  on  our 
railways.  Then  followed  wheels  proper,  i.e.,  a  revolving  wheel  at 
each  end  of  the  axle,  capable  of  moving  each  independently  of  the 
other,  and  so  enabling  the  vehicle  to  turn  in  a  circle,  each  wheel 
being  formed  at  the  outset  from  the  spreading  root  of  a  tree,  where 
the  diameter  enlarges  at  the  ground  level.  Thus  a  wooden  axle  was 
supported  on  two  wooden  wheels,  and  it  became  needful  to  smooth 
and  lubricate  the  surfaces  to  prevent  the  friction  from  burning  them. 
Raw  hide  sewed  to  the  surface  of  the  axle  and  dried  hard  was  very 
effective  with  a  lubrication  of  grease;  and  at  a  later  period  horn  was 
used,  boiled  and  fixed  on  hot  to  the  taper  wood,  and  so  late  as  sixty 
years  back  such  axles  were  used  for  costly  court  carriages,  having 
the  advantage  of  running  with  little  noise. 

But  the  carriages  were  only  carts  or  waggons  ;  they  were  devoid 
of  springs,  and  could  only  trundle  over  turf.  When  roads  were 
mended  by  throwing  stones  into  ruts,  it  became  needful  to  devise 
means  for  relieving  blows.  The  first  method  was  to  provide  bars 
with  pommels  or  balls  to  hold  on  by  the  hands  as  in  the  original 
saddle  pommel,  so  that  the  body  was  lifted  from  the  sitting  posture 
and  hung  by  the  muscles  of  the  arms.  The  footman  who  rode 
before  or  behind,  or  in  the  side  boots  of  the  doors,  without  seats, 
relieved  the  blows  by  lifting  up  their  heels  and  standing  on  their 
toes,  and  so  putting  their  own  tendons  and  muscles  into  spring 
action. 

The  first  mechanical  attempt  to  relieve  the  jolting  of  wheel  vehicles 
was  by  the  erection  of  a  kind  of  gibbet  at  each  end  of  the  frame¬ 
work  to  which  the  axles  were  attached,  and  to  these  gibbets  long 
leather  braces  were  attached,  on  which  the  body  swung  and  rolled 
like  a  ship  on  the  waves.  In  many  parts  ofthe  world  public  vehicles 
are  still  made  on  this  plan,  and  in  the  interior  of  Canada  and  the 
United  States  where  railroads  have  not  penetrated,  they  are  found. 
The  coach  of  the  Lord  Mayor  is  a  sample  of  this  class  of  vehicle. 
In  the  cities  of  London  and  Westminster,  when  used,  if  it  be  still 
used,  this  vehicle  goes  at  the  ancient  pace  of  about  a  mile  an 
hour,  but  in  the  States,  where  the  vehicle  is  used  to  carry  twelve, 
sore  bested  are  the  unfortunate  one  or  two  whom  the  chance  of 
direct  traffic  dooms  to  travel  without  slack  ballast.  The  varying 
motion  is  that  of  the  roughest  kinds  of  gymnastics.  The  passenger 
is  as  a  ball  to  which  the  vehicle  is  the  cup,  and  he  is  obliged  to 
ride  with  his  hands  tightly  clasping  the  seats  to  prevent  being 
thrown  violently  against  the  roof. 

Great  was  the  change  when  mechanical  muscle  was  first  applied 
in  the  form  of  springs.  The  rigid  gibbets  were  first  replaced  by  a 
kind  of  wooden  spring,  which  was  analogous  to  the  spring  poles  of  a 
sedan  chair,  and  such  wooden  springs  are  still  to  be  found  in  the 
United  States — a  chair  upon  wooden  springs  being  placed  inside  a 
springless  waggon  when  persons  are  substituted  for  goods.  Long 
after  steel  springs  were  known  in  England,  and  when  they  became 
a  matter  of  tax,  a  commercial  traveller  once  had  a  quarrel  with  a 
tax-gatherer  about  his  commercial  “  trap.”  lie  procured  a  pair  of 
long  lancewood  poles,  stretched  them  from  axle  to  axle,  and  placed 
his  driving  seat  in  the  mid  length,  needing  only  a  double  length  of 
reins  to  reach  his  horse.  It  was  a  very  good  vehicle,  only  that  it 
was  difficult  to  turn  save  in  a  village  green,  the  common  jest  being 
that  one  end  was  going  out  of  the  village  while  the  other  was  coming 
in.  The  commercial  traveller  had  the  satisfaction  of  defeating  the 
taxgather,  and  giving  his  name  to  a  new  vehicle  which  was  called 
thereafter  “  Johnson’s  waggon,”  as  celebrated  in  its  day  as  has  since 
been  the  one-horse  carriage  to  which  the  ex-chancellor  gave  his 
name.  Wooden  springs  are  admirable  as  long  bows,  but  people  do 
not  like  to  be  shot  along  a  road  with  too  quick  action.  Single  steel 
springs  were  used  for  cross  bows,  but  when  applied  to  vehicles  they 
had  to  be  made  long  and  thin  and  flexible  and  of  several  laminated 
plates. 

The  first  spring  vehicle  bad  its  rise  in  France.  It  was  called  a 
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bronette,  and  was  in  fact  a  sedan  chair  on  a  pair  of  wheels,  and  a 
pair  of  steel  springs  were  introduced  between  the  axle  and  the  body, 
through  which  the  axle  passed  under  the  seat,  the  floor  being  little 
elevated  above  the  ground.  This  brouette  did  in  fact  what  the 
Brougham  has  now  done — it  dispensed  with  one  of  the  chairmen  as 
the  Brougham  dispensed  with  one  of  the  horses. 

When  long  laminated  steel  springs  displaced  the  rigid  gibbets, 
but  little  advantage  was  obtained  for  the  horse  flesh  in  the  pro¬ 
vinces.  The  clumsy  “  carriage”  with  the  servants  and  luggage, 
remained  as  cumbersome  as  before;  only  the  body  was  swung.  If 
the  body  was  very  heavy  and  the  passengers  few,  ease  was  obtained 
for  them,  but  not  for  the  horses.  While  people  travelled  in  their 
own  carriages  little  more  improvement  was  made,  but  when  post 
chaises  were  invented,  then  every  kind  of  contrivance  was  resorted 
to  that  could  save  horseflesh.  Very  early  it  was  discovered  that  the 
shorter  the  carriage,  i.e.,  the  closer  the  axles  were  together  the  easier 
was  the  draught.  So  the  front  and  hind  wheels  were  brought  so 
close  together  as  just  to  give  room  for  the  door  between  them  The 
springs  were  called  whip  springs,  the  steel  plates  being  nearly  upright 
like  a  whip  handle,  and  curved  over  at  the  top  where  the  brace  was 
attached  and  hung  vertically.  The  shrewd  horsekeepers  soon  found 
out  that  the  mode  of  hanging  the  body  made  a  considerable  differ¬ 
ence  in  draught  also.  If  the  body  was,  as  the  sailors  say,  ‘‘  down  by 
the  head,”  that  is,  leaning  forwards,  all  the  movement  of  the  body 
was  as  a  weight  acting  to  help  the  horses.  And  so  they  pitched 
the  body  forwards  by  buckling  up  the  hind  braces.  But  that 
which  eased  the  horses  annoyed  the  passengers,  who  were  con¬ 
stantly  sliding  off  the  seat  on  to  their  knees.  Many  a  quarrel 
took  place  between  passenger  and  innkeeper  on  this  account.  But 
this  invention  of  springs  was  a  very  important  thing  for  progress. 
It  made  the  difference  in  speed  of  from  two  miles  to  eight.  The 
vehicle  began  to  bear  more  resemblance  to  an  animal  in  its  faculty 
of  locomotion.  The  whip  spring  of  the  post  chaise  gradually  changed 
into  the  C  spring  of  the  private  carriage  ;  the  perch  was  lengthened, 
the  wheels  set  far  apart,  the  springs  curved,  the  braces  made  more 
horizontal,  and  the  body  swung  low  with  a  deeply-curved  perch. 
Then  came  double  springs,  straight  springs  transverse  to  the  axle 
under  the  framework,  with  curve  springs  to  hang  the  body  above 
the  framework,  so  that  the  animals  as  well  as  their  masters  got 
relief  from  jolts.  But  ere  this  took  place  much  was  the  suffering  in 
the  “  basket”  fixed  on  the  framework  to  hold  luggage  and  poor 
passengers,  because  nothing  but  basket-work  could  resist  the  thuds, 
without  destruction. 

When  the  middle  classes,  who  could  afford  to  pay,  began  to  travel, 
there  came  forth  the  culmination  of  springs  on  what  was  called  the 
combination  telegraph,  the  body  resting  on  four  long  cross  springs 
pendent  from  four  shorter  side  springs  bearing  on  the  axles  near  the 
wheels.  Thus  the  wheels  were  enabled  to  move  up  and  down  and 
pass  over  lumps  and  obstacles,  scarcely  disturbing  the  equilibrium 
of  the  body.  After  that  came  the  “  mail”  suspension  on  two  points 
in  front  and  in  three  points  behind,  seven  springs  being  used 
instead  of  eight.  Still  the  perch  and  framework  was  retained  for 
road  work.  Finally  carriages  were  built  on  cross  springs  without 
framework,  and  then  a  Lambeth  coachbuilder,  named  Elliot, 
cheapened  it  by  applying  the  elliptic  or,  as  it  was  called,  nutcracker 
spring,  and  the  cheapness  of  this  last  has  led  to  its  adoption  for  all 
kinds  of  carriages ;  but  for  ease  of  movement  as  well  as  facility  of 
draught  it  would  be  far  better  to  have  two  elliptics  placed  on  the 
centre  of  the  axle  and  parallel  to  it,  as  the  Americans  ar.d  Canadians 
do ;  but  in  most  cases  it  is  necessary  to  strengthen  the  axle  in  the 
centre  to  prevent  it  from  bending. 

Some  short  time  before  the  advent  of  railways,  when  stage  coaches 
had  attained  nearly  to  perfection,  a  kind  of  coach  called  a  safety 
coach  was  invented,  i.e.,  the  centre  of  gravity  was  kept  so  low  that 
there  was  no  oscillation — it  could  not  be  upset,  as  was  not  an  uncom¬ 


mon  case  with  stage  coaches.  But  in  the  fact  of  free  oscillation 
lies  easy  draught,  and  the  safety  coach  needed  six  horses  to  do  the 
work  of  four.  Horse  flesh  was  not  as  easily  paid  for  as  steam ; 
it  was  far  less  costly  to  break  passengers  limbs  than  horses’  wind,  and 
so  safety  coaches  went  out  of  use. 

There  was  a  time  when  carriage  building  was  a  mechanical  art. 
That  time  has  almost  ceased,  and  the  machine  has  become  nearly 
stereotyped.  Four  elliptical  springs  on  two  axles,  or  two  elliptics 
in  front  and  a  cross  spring  on  two  axle  springs  behind.  The  seat  is 
all  leather  and  prunella,  and  the  coach  maker  has  become  a  couch 
maker,  a  moving  seat  maker,  and  painter — the  upholsterer  of  the 
road.  What  is  imperfect  in  external  springing  is  made  up  by  spring 
cushions.  Low  price  is  the  thing  chiefly  arrived  at  in  order  to  leave 
more  margin  for  profit.  Carriages  have  come  to  be  on  a  par  with 
chairs  and  tables  and  other  fixed  furniture.  They  are  no  longer  a 
needful  means  of  locomotion,  but  simply  a  small  luxury.  Time  was 
that  a  first  rate  chariot  for  town  and  country  use,  and  for  not  over 
good  roads,  and  ten  miles  per  hour  speed,  cost  four  hundred  guineas. 
The  modern  brougham,  which  supplies  its  place  on  smooth  roads, 
runs  from  one  hundred  to  one  hundred  and  fifty.  It  is  not  that 
mechanical  art  has  gone  out,  but  that  there  is  no  demand  for  it. 
Should  the  taste  of  fashion  demand  noiseless,  soft,  unvibrating  car¬ 
riages,  easy  and  luxurious  as  Cleopatra’s  barge,  they  would  be  pro¬ 
duced,  but  not  by  the  process  of  setting  inferior  men  to  compete  in 
low  prices.  The  true  artist,  whether  in  sculpture,  painting,  or 
mechanism,  cannot  work  for  lucre  alone,  nor  under  fear  of  ruin  from 
low  prices  or  competition. 

There  is  little  that  is  new  in  this  department,  but  much  that  is  old. 
Messrs.  Peters — apparently  by  favour,  for  it  is  not  in  the  first  cata¬ 
logue,  and  is  in  the  main  nave — exhibit  a  Derby  drag,  the  private 
edition  of  the  old  public  mail  coach,  with  inside  seats  for  four  persons 
(very  small  ones),  outside  for  eight.  Messrs.  Ival  &  Large  have  a 
similar  edition  of  the  same  thing,  the  “  four  in  hand.” 

In  carriage  fancying  there  has  always  prevailed  an  eccentric  taste 
for  ugly  forms,  and  this  seems  to  have  gone  now  into  miniature 
broughams,  constructed  without  regard  to  external  form.  Messrs. 
Peters  exhibit  a  brougham  of  this  kind,  originally  the  economical 
vehicle  of  the  physician,  under  the  name  of  “pill-box,”  and  so 
scouted;  the  ex-chancellor  gave  it  fame,  and  the  convenience  and 
freedom  of  a  close  carriage,  with  one  horse  and  one  man  soon  made 
it  popular.  How  to  reduce  the  draught  to  the  minimum,  while 
leaving  possible  sitting  room  inside,  seems  now  the  problem.  The 
smoothest  springs,  the  lightest  wheels,  and  the  shortest  carriage, 
without  destroying  efficiency,  are  the  objects  to  aim  at,  but  not  yet 
attained  so  perfectly  as  might  be. 

There  is  a  class  of  vehicle  formerly  known  under  the  name  of 
“Deai'born,”  now  covered  under  the  name  of  a  “  Wagonette,”  very 
useful  to  persons  caring  more  for  convenience  than  fashion.  It  is 
on  four  wheels,  is  short,  has  a  driving  seat  for  two  in  front,  and  has 
a  roundabout  like  a  short  omnibus  behind,  with  the  entrance  behind 
also. 

There  is  a  very  useful  two  wheel  vehicle  by  Burnett  of  Ashford, 
Kent,  with  seats  before  and  behind,  supported  on  elliptic  springs  of 
double  structure,  to  support  two  or  four  persons,  the  seats  being 
close  on  the  axle,  and  the  entrance  only  a  step  from  the  ground. 
The  front  seat  is  made  to  slide,  so  that  when  two  persons  are  seated 
behind,  the  balance  over  the  axle  is  exact,  and  the  movement  can 
be  accomplished  by  the  sitters  simply  rising  without  getting  out. 
The  hind  end  of  the  shaft,  is  united  to  a  cross  spring,  so  as  to 
get  rid  of  the  horse  motion  very  effectually.  A  shell  looking  piece 
of  basket  work  on  each  side  covers  the  ■wheels,  and  prevents  the 
entrance  of  mud. 

Basket  work  is  a  very  simple,  light,  and 'strong  material  for  car¬ 
riage  work,  but  it  has  the  great  disadvantage  of  holding  dirt,  and 
being  difficult  to  clean.  Samples  are  shown  of  imitation  basket 
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work  cut  in  wood.  This  is  getting  rid  of  the  advantage  while  retain¬ 
ing  the  disadvantage,  yet  it  is  strange  to  find  how  largely  it  is  used. 

In  the  Zolverein  we  are  furnished  with  a  state  carriage  all  silver 
and  paint  and  gingerbread,  but  with  outlines  altogether  devoid  of 
taste.  In  the  same  department  there  is  a  useful  piece  of  economical 
mechanism,  a  step  with  two  folds  for  a  carriage,  opening  and  closing 
with  the  door  without  the  need  of  a  servant,  and  the  pressure  of 
the  foot  serves  to  keep  the  door  open. 

Herr  Ferdinsky  of  Mecklenburg  shows  a  park  phaeton,  which  has 
a  peculiarity  in  the  wheels.  Every  spoke  has  a  separate  felloe,  and 
the  inside  of  the  felloe  is  flat,  while  the  outside  is  curved.  The 
joints  are  midway  between  the  spokes.  By  this  arrangement  the 
spoke  presses  on  the  strongest  part  of  the  felloe,  where  otherwise  it 
would  be  weakened  by  the  hole  through  it.  Thus  the  inside  of  the 
wheel  is  a  polygon,  and  the  outside  is  a  circle.  There  is  a  great 
mistake  in  the  mode  of  fixing  the  tire,  which  is  rivetted  through  at 
the  joints  of  the  felloes.  In  this  mode  of  constructing  the  felloes, 
cheaper  wood  and  with  a  straight  grain,  suffices. 

Two  omnibuses  are  exhibited,  one  by  the  Paris  General  Omnibus 
Company,  where  omnibuses  originated ;  and  one  by  Shillibeer,  who 
first  imported  them.  The  Paris  omnibus  is  one  of  the  best  vehicles 
of  the  kind  running,  well  seated  and  cushioned,  with  excellent  roof 
accommodation,  and  ease  of  reaching  it,  and  above  all  well  springed. 
There  are  fourteen  inside  and  ten  outside  passengers,  and  is  drawn 
by  two  horses.  Each  passenger  has  18  inches  seat  room,  being  2 
inches  beyond  the  English  legal  allowance.  Shillibeer’s  omnibus  is 
divided  into  a  hind  and  front  compartment,  separated  by  a  double 
staircase,  with  a  passage  leading  from  the  door  behind.  The  two 
staircases  leading  to  the  side  are  very  narrow,  intended  for  ladies 
when  crinoline  shall  be  no  more.  The  track  of  the  wheels  is  very 
wide,  and  the  only  springs  are  blocks  of  Indian  rubber. 

For  very  steady  carriages  it  is  desirable  to  have  the  wheels 
far  apart.  For  light  and  easy  running  carriages,  saving  horseflesh, 
as  well  as  the  power  of  turning  in  a  small  space,  shortness  is  desir¬ 
able.  There  is  a  very  ingenious  arrangement  by  Mr.  Oxley,  which 
should  have  been  exhibited,  as  one  of  the  few  improvements  made  of 
late  years  in  turning  the  front  wheels  of  carriages.  The  wheel  plate 
or  centre  plate,  revolving  as  usual,  has  also  an  arrangement  for 
lateral  sliding.  The  result  is  that  the  front  wheels  are  kept  nearer 
the  hind  ones  by  9  inches,  rendering  the  carriage  easier  of  draught 
and  much  more  convenient  in  many  ways. 

TRACTION  ENGINES. — This  is  a  revived  project  for  turning  to 
better  account  the  surfaces  of  common  roads  and  streets.  Its  aim 
is  to  supply  a  positive  want,  and  although  scoffed  at  by  those 
accustomed  to  rail  traction,  it  is  a  project  that  will  be  worked  at  by 
many  minds  till  it  be  accomplished.  No  doubt  the  rail  is  a  better 
and  more  economical  road  than  the  paving  or  Macadam,  and  where- 
ever  traffic  is  large  will  gradually  be  substituted  for  it ;  but  there  are 
many  things  that  the  rail  is  inconvenient  for.  It  serves  to  guide  as 
well  as  bear  trains,  but  it  has  no  arrangement  whereby  one  vehicle 
can  make  way  for  another  in  a  short  space,  no  means  of  drawing  up 
at  a  door  and  delivering  goods  direct,  no  means  of  hauling  heavy 
weights  and  turning  sharp  corners  at  the  same  time,  no  means  of 
working  in  irregular  pathways.  Now  there  are  many  operations  of 
hauling  heavy  goods  required  in  cities,  which  are  actually  on  the 
increase,  and  which  require  a  great  power  concentrated  in  a  small 
space.  We  may,  it  is  true,  yoke  an  indefinite  number  of  horses  to 
pull  more  or  less  in  unison  in  a  straight  line,  but  to  turn  corners  we 
can  only  avail  ourselves  of  two  or  three  at  a  time.  And  articles 
of  bulk  and  weight  are  constantly  on  the  increase  both  in  numbers 
and  proportions  in  modern  progress,  and  there  are  also  materials 
which,  although  divisible  into  parts,  are  still  of  great  aggregate 
weight  and  quantity,  such  as  coals,  bricks,  lime,  paving  and  other 
materials.  Coal  alone  is  an  item  of  such  constant  consumption 
that  it  is  desirable  as  far  as  possible  to  get  rid  of  man-handling 


and  horse  haulage,  in  its  transit  from  the  store  and  railway  stations 
to  the  places  of  its  consumption. 

Traction  engines  have  been  made  chiefly  by  agricultural  and 
portable  engine  manufacturers,  and  it  has  been  supposed  that  inferior 
workmanship  was  sufficient  for  them  ;  but  the  fact  is  that  the  trac¬ 
tion  engine  is  more  than  a  rail  locomotive.  It  is  not  intended  for 
high  speeds,  but  it  is  intended  for  heavy  work,  and  in  addition  to 
being  a  locomotive  it  is  something  more.  The  propelling  of  the 
locomotive  is  by  direct  action  of  the  piston  on  to  a  crank,  precisely 
like  the  act  of  turning  a  grindstone,  and  the  cylinders  are  much 
larger  in  proportion.  The  traction  engine  has  small  cylinders,  and 
the  power  is  used  through  a  train  of  toothed  wheels  acting  at  or  near 
the  periphery  of  the  turning  wheels  instead  of  at  or  near  the  centre. 
It  is  therefore  a  locomotive  with  multiplying  machinery.  As  the 
road  it  runs  on,  is  inferior,  driving  wheels  of  large  diameter  are 
needed  to  prevent  their  sinking  in,  and  in  order  to  preserve  light¬ 
ness  as  much  as  possible  the  steam  must  be  used  at  the  highest 
possible  pressure.  It  follows,  therefore,  that  the  very  best  materials 
and  workmanship  are  required  in  the  structure.  Instead  of  the 
construction  being  inferior  to  that  of  locomotives  for  the  rail  it 
requires  if  anything  to  be  better.  Those  who  have  worked  at  trac¬ 
tion  engines  hitherto  have  regarded  them  chiefly  in  the  light  of  a 
stationary  engine  placed  on  wheels,  and  have  almost  ignored  the 
fact  of  their  movement  and  consequent  necessity  for  thorough  elastic 
resilience,  the  more  especially  as  they  work  on  rough  roads  and  are 
exposed  to  incessant  jolts.  Until  they  shall  be  constructed  with 
artificial  muscle  on  all  the  moving  points,  analagous  to  those  of  the 
horses  they  are  intended  to  displace,  they  can  neither  be  effective 
nor  durable. 

The  driving  wheels  take  the  greater  part  of  the  weight  of  the 
machine,  and  they  require  to  be  of  great  width  to  prevent  crushing 
the  road  ;  but  the  road  is  uneven,  and  the  wheels  bear  sometimes  on 
one  edge  of  the  tire  and  sometimes  on  the  other,  and  consequently 
they  strain  the  wheel  and  slip.  Theoretically,  on  a  hard  surface,  the 
heavy  surface  of  the  tire  would  be  a  line,  but  as  the  line  is  the 
apex  of  a  wedge  it  sinks  in  till  the  line  is  widened  in  a  cavity  of 
the  ground  and  the  wheel  is  in  a  hole.  The  reverse  of  this  should 
take  place ;  the  tire  should  flatten  sufficiently  to  take  the  bearing 
without  the  soil  yiekling,  and  moreover  it  should  rock  on  the 
wheel  laterally  to  accommodate  itself  to  the  irregularities  of  a  road 
precisely  as  the  foot  of  a  horse  does  by  the  pastern  joint.  The  tire 
in  short  must  be  a  continuous  foot  of  elastic  steel  in  order  to  insure  a 
fit  to  the  road  surface,  whether  regular  or  irregular.  From  the  com¬ 
mencement  of  steam  on  highways  up  to  the  present  time  the  great 
question  has  been  that  of  wheels.  Next  to  the  question  of  efficient 
wheel  tires  is  that  of  thoroughly  elastic  bearing  springs  to  sustain 
the  load.  And  then  comes  the  question  of  elastic  gearing  so 
arranged  that  the  pressure  of  the  teeth  is  borne  elastically,  so 
that  no  shock  can  break  them.  The  machine  will  then  resemble  in 
principle  the  animal  structure;  artificial  springs  supplying  the  office 
of  cartilage  and  muscle.  Nor  does  this  follow  that  it  will  add  to  the 
expense,  for  the  elastic  yielding  will  permit  a  great  saving  of  material 
in  the  structure,  with  a  great  advantage  in  diminishing  dead  weight. 

What  we  may  ultimately  attain  to  in  the  generation  of  power 
we  do  not  know,  but  at  present  steam  is  the  best  we  know  of,  and 
the  greater  the  pressure  at  which  we  can  work  the  steam  without  too 
great  a  loss  of  heat  by  radiation,  the  better  will  be  the  result.  With 
a  well-constructed  boiler  there  is  no  more  risk  of  bursting  at  high 
pressure  than  at  low.  The  facility  of  these  engines  for  turning 
round  in  short  space  implies  the  necessity  for  steering,  and  this 
requires  a  peculiar  apparatus  so  arranged  that  the  steam  may  have 
full  and  powerful  control  to  resist  the  irregularities  of  the  road. 
The  best  mode  of  doing  this  is  still  a  question  for  discussion.  When 
these  principles  shall  be  fittingly  combined  together  in  true  develop¬ 
ment  there  will  be  no  reason  why  one  of  these  engines  should  not 
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last  as  long  and  work  as  well  as  a  stationary  engine,  provision  being 
made  to  keep  out  dust  and  dirt  from  the  working  parts. 

A  traction  engine,  as  its  name  implies,  is  intended  to  haul  waggons 
or  carriages  behind  it,  but  ordinary  waggons  with  large  and  small 
wheels  and  a  steering  pole  are  not  adapted  to  this  purpose.  They 
must  be  so  arranged  that  the  engine  can  either  draw  them  or  back 
them  on  a  straight  or  curved  line,  and  this  can  only  be  done  by 
making  them  a  series  of  two  wheel  carts  with  governing  joints. 
In  this  mode  a  train  of  vehicles  can  be  managed  on  a  road  as  easily 
as  on  rails,  but  of  course  not  at  high  speeds  nor  with  enormous 
lengths.  Such  an  engine  and  road  train  would  be  especially  adapted 
to  the  haulage  of  coals  in  town,  and  the  separate  waggons  could  be 
left  at  doors  for  delivery,  and  picked  up  by  a  horse  when  empty,  or 
a  very  small  class  of  engine  could  deal  with  the  waggons  separately. 
Instead  of  the  present  arrangement  for  drawing  up  a  waggon  across 
the  road,  and  rolling  out  the  sacks  on  a  wheel  truck,  a  crane,  jib, 
and  tackle  should  be  fitted  to  the  waggon  side  to  lift  them  out. 

In  the  Exhibition  are  shown  several  traction  engines.  First  there 
is  one  by  Burrel,  fitted  to  the  wheels  planned  by  the  late  Mr. 
Boy  del,  to  which  broad  shoes  are  attached,  laid  down  on  the  road 
in  succession,  for  the  wheels  to  run  on.  In  this  mode  a  soft  or 
boggy  road  is  provided  with  a  hard  surface,  and  the  machine  will 
traverse  a  ploughed  field  or  climb  over  blocks  aud  obstacles  like 
an  elephant  disporting  itself.  The  front  wheels  having  a  lighter 
load  are  not  provided  with  shoes,  and  the  wheels  are  driven  by 
toothed  driving  gearing  acting  near  the  periphery.  The  driving 
wheels  are  of  wrought-iron  forged  in  one  piece. 

Mr.  Taplin  shows  an  engine  the  wheels  of  which  are  of  wrought- 
iron  with  cast  centres  for  the  spokes,  the  outer  end  being  moulded 
to  angle  irons  and  a  broad  wrought  tire.  A  peculiarity  in  this 
engine  is  the  arrangement  of  the  front  wheels,  which  turn  on  sepa¬ 
rate  centres  close  to  the  bosses,  and  are  guided  by  levers  at  right 
angles  to  the  wheels,  acted  on  by  the  steering  apparatus.  This 
arrangement  was  applied  many  years  back  to  road  carriages,  but 
was  not  found  to  answer  save  with  little  weight  on  the  wheels,  as 
they  scooped  a  hole  in  the  road  in  the  act  of  turning,  and  the  wheels 
were  sometimes  forced  off. 

Bray’s  Company  exhibit  an  engine  built  for  the  use  of  Woolwich 
Arsenal.  It  has  a  pair  of  7  inch  cylinders  with  10  inch  stroke, 
and  two  sets  of  gearing  for  slower  or  faster  movement.  The  driving 
wheels  are  of  wrought-iron  forged  in  one  piece,  with  round  felloes. 
The  tires  are  double,  the  outer  one  being  bolted  to  the  inner,  with 
a  thin  film  of  India  rubber  between,  and,  not  strange  to  say,  even  this 
small  amount  of  elasticity  makes  a  wide  difference  in  the  durability. 
The  driving  wheels  are  provided  with  eccentrics  capable  of  adjusting, 
so  that  they  can  protrude  flat  teeth  or  cogs  by  means  of  connecting 
rods  through  the  wheel  tires,  which  teeth  enter  the  ground  at  any 
depth  proposed  up  to  about  three  inches,  thus  affording  a  fulcrum 
for  propulsion  in  case  of  slipping.  On  good  roads  these  teeth  are 
not  required.  On  irregular  roads,  the  teeth  entering  between  the 
joints  of  the  stones,  form  an  efficient  fulcrum,  and  may  thus  ascend 
very  steep  hills.  But  if  the  teeth  bear  on  a  solid  surface,  damage 
may  ensue  by  bending  the  connecting  rods.  On  the  stone  trams  of 
Woolwich  Arsenal,  where  this  engine  will  be  used,  the  teeth  will 
not  be  needed.  The  weight  of  the  machine  is  about  9£  tons,  and 
it  is  intended  to  haul  about  25  tons  net  load  on  the  level.  In 
addition  to  its  hauling  power  as  a  locomotive,  the  engine  is  provided 
with  a  windlass,  a  crane,  a  belt  drum,  and  pumps ;  so  that  it  can 
be  applied  to  almost  any  purpose  as  a  hauler,  a  lifter,  a  machine 
mover,  a  pump,  and  a  fire  engine.  Whether  the  protruding  teeth 
on  the  wheels  is  the  best  and  simplest  kind  of  fulcrum  to  use  in 
case  of  slipping  on  the  road,  is  still  a  moot  point.  This  engine  is 
hung  on  springs  of  more  or  less'efficiency,  and  the  steering  apparatus 
is  so  arranged  that  a  boy  may  work  it  without  fear  of  being  over¬ 
powered,  a  worm  wheel  working  in  a  curved  rack. 


Mr.  Taylor  of  Birkenhead  exhibits  an  engine  which  he  calls  an 
“  elephant.”  It  is  certainly  of  very  cheap  structure.  The  wheels 
are  of  cast-iron,  with  wrought  spokes.  It  has  three  speeds  of  geared 
wheels,  and  the  weight  rests  on  blocks  of  India  rubber,  which 
cannot  well  be  called  springs. 

None  of  these  machines  are  adapted  for  great  speed. 

Messrs.  Gurnel  &  Marshall  exhibit  a  steam  carriage,  not  for 
traclion,  but  for  carrying  passengers.  It  is  on  three  wheels — two 
drivers  behind  and  one  steering  wheel  in  front ;  and  it  is  hung  on 
three  straight  springs — two  axle  springs  behind  and  one  cross  spring 
in  front.  It  thus  stands  on  three  points,  which,  although  favourable 
for  inequalities  of  surface,  are  also  favourable  to  an  upset  on  sloping 
ground.  The  wheels  are  of  peculiar  construction.  The  spokes  are 
of  thin,  wide,  spring  steel,  radiating  from  each  centre,  and  forming 
an  outward  circle,  to  which  wood  felloes  are  bolted,  and  the  tire 
is  shrunk  on.  Whether  the  steel  be  not  overheated  by  casting  on 
the  central  mass  of  iron  is  doubtful.  The  action  is  direct,  the  con¬ 
necting  rods  taking  the  cranks  of  the  axle.  Mr.  D.  K.  Clark’s 
smoke  burner  is  used. 

Messrs.  Yarrow  &  Hilditch  also  show  a  miniature  steam  carriage 
with  four  wheels  and  four  springs,  and  outside  cylinders,  taking 
traction  pins  on  the  wheels.  It  is  painted  and  varnished,  and 
trimmed,  and  the  machinery  is  made  much  subservient  to  coach¬ 
making. 

PERMANENT  WAY. — The  varieties  are  many.  We  have  cast- 
iron  and  wrought-iron,  and  cast  and  wrought  iron  and  timber,  and 
broad  guage  and  narrow  guage,  and  cross  sleepers  and  longitudinal 
sleepers,  and  block  sleepers  of  stone  and  cast-iron  ;  and  we  have 
rigid  way  and  elastic  way,  and  ballast  of  sand  and  of  gravel,  and 
broken  stone  and  burnt  clay. 

There  has  been  a  great  outcry  against  rigid  way,  though  what 
variety  is  rigid  and  what  is  not  is  still  a  moot  point.  If  wood 
sleepers  be  used,  and  especially  cross  sleepers,  the  way  is  pro¬ 
nounced  elastic,  even  though  a  thick,  heavy  metal  bar  84  lbs.  per 
yard  be  laid  on  cast-iron  anvil  blocks  weighing  42  lbs.  each  at 
every  three  feet  apart.  The  elasticity  in  this  case  consists  only  in 
the  timber  sleepers  riding  on  the  ballast  at  the  mid-length  and 
jumping  up  and  down  at  the  ends  as  the  trains  pass  over  them,  and 
in  this  process  ramming  down  the  ballast  and  forming  a  pond  for 
water  to  lie  in,  from  which  squirts  a  mass  of  liquid  mud  in  wet, 
while  clouds  of  dust  rise  in  dry  weather. 

This,  with  varieties  in  the  quantity  of  materials,  is  the  standard 
permanent  way  of  the  narrow  guage  systems.  The  double-headed 
rail  rests  on  the  cast-iron  chair,  and  is  attempted  to  be  confined 
there  by  a  wood  key  of  such  small  dimensions  that  it  is  rapidly  cut 
away  and  made  loose,  when  the  rails  jump  up  and  down  with  a 
sound  and  sensation  like  the  loose  shoe  of  a  horse,  and  so  both  rail 
and  chair  get  bruised  and  crystalline  in  their  texture,  as  by  the 
process  called  in  smith’s  work  “cold  swaging.”  Sometimes  the 
rails  break,  and  the  object  of  double-headed  rails — turning  over  to 
use  the  bottom  when  the  top  is  worn  out — is  mostly  defeated.  The 
notches  occurring  every  three  feet  by  the  hammering  on  the  chairs 
produce  a  sensation  like  riding  over  a  Canadian  corduroy  road. 
Yet,  strange  to  say,  when  the  rails  do  not  break  in  the  process, 
these  notches,  sometimes  a  quarter  of  an  inch  in  depth,  get  planed 
out,  and  the  surface  grooves  smooth.  If  the  wheels  really  rolled, 
the  notches  would  remain  constantly  enlarging  into  waves ;  and  the 
fact  that  they  get  smoothed  away  is  such  clear  evidence  that  the 
wheels  slide,  that  it  ought  at  once  to  call  attention  to  the  wheel 
defects. 

The  faults  of  this  class  of  rail  are  so  evident  that  engineers  have 
resorted  to  flat-bottomed  rails,  dispensing  with  chairs.  But  to  get 
a  rail  sufficiently  deep  not  to  deflect  under  the  load,  and  sufficiently 
wide  to  stand  firm  on  its  base,  needs  a  large  quantity  of  metal ;  and 
this  principle  does  not  make  way  in  England  under  hard  and  inces- 
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sant  work,  though  it  does  in  America  and  on  the  Continent,  where 
the  work  is  less  hard.  On  the  broad  guage  longitudinal  system  the 
flat-bottomed  rail,  either  of  the  bridge  form  or  the  flat  foot,  is  screwed 
down  on  longitudinal  timbers.  While  new,  and  with  the  joints 
firm,  no  road  can  be  better  as  regards  running,  but  the  rails  under 
heavy  running  wheels  constantly  deflect,  and  crush  gradually  into 
the  timber  till  the  whole  becomes  loose.  The  bridge  rail  is  also 
apt  to  bend  across  the  hollow,  so  that  the  sides  turn  up  and  form 
a  kind  of  short  wedge  which  splits  the  timber  longitudinally. 

Impressed  with  these  defects,  and  the  resulting  waste  and  cost, 
Mr.  Fox,  the  engineer  of  the  Bristol  and  Exeter  Railway,  has  adopted 
iron  longitudinal  sleepers  in  lieu  of  timber,  the  section  of  the  iron 
being  a  flat  plate  12  inches  in  width,  with  a  central  vertical  web 
forming  a  continuous  keel  in  the  ballast  about  4  inches  in  depth. 
On  this  is  bolted  a  bridge  rail.  The  advantages  are  several — the 
keel  keeps  a  hold  on  the  ballast  laterally  ;  the  flat  plates  keep  out 
the  water  from  the  surface ;  the  pushing  up  of  the  ballast  close  under 
the  surface  is  very  easy  and  effective  without  opening  out  the  ground, 
and  there  is  a  sufficient  stiffness  both  horizontally  and  vertically  to 
prevent  mischievous  deflection.  The  only  apparent  objection  is, 
that  many  bolts  are  required  to  hold  the  rails  on  to  the  plate.  It  is 
perfectly  practicable  to  roll  a  head  on  the  plate  itself,  and  so  dis¬ 
pense  with  the  separate  rail ;  but  there  is  a  pro  and  con — with  the 
solid  head,  weight  is  saved,  but  when  worn  out  the  whole  must  be 
thrown  away;  with  the  movable  rail  the  bearingplate  remainsunhurt. 

The  question  of  where  the  bearing  surface  should  be,  on  the  sur¬ 
face  or  below  the  surface,  is  a  very  important  one.  The  term 
“  sleeper”  was  adopted  from  the  practice  of  house  building  and  other 
stationary  arrangements.  Now,  under  a  house  a  piece  of  timber 
lies  quite  steady,  and  it  may  be  so  far  below  the  surface  as  to  be 
quite  dry ;  but  the  sleepers  of  a  railway  never  sleep  save  when  the 
trains  are  not  running.  They  move,  and  the  rain  from  above  pene¬ 
trates  down  their  sides  and  beneath  them,  and  so  with  the  jumping 
of  the  sleepers  a  series  of  impervious  ponds  are  formed,  which  hold 
the  water  in  time,  however  porous  the  ballast  may  have  originally 
been.  Whether  the  sleepers  be  transverse  or  longitudinal,  this  same 
condition  obtains,  and  there  is  this  further  disadvantage,  when  the 
sleepers  get  loose  they  must  be  packed — i.e.,  the  ballast  must  be 
rammed  tight  under  them.  To  do  this,  the  ballast  must  be  opened 
up  to  the  level  of  the  bottom  to  get  at  them.  But  however  bad  be 
the  condition  of  the  line,  it  is  never  considered  advisable  to  pack 
the  sleepers  during  rain,  for  the  loose  ballast  taken  out  and  thrown 
in  again  acts  like  the  loose  mould  of  a  garden  bed— a  recipient  and 
conductor  for  rain  water. 

From  these  conditions  the  girder  plate,  lying  on  the  surface  and 
penetrating  with  a  central  keel  to  steady  it,  is  exempt.  It  covers 
over  and  keeps  dry  the  actual  bearing  surface, 
and  needs  no  opening  out  to  pack,  and  can  bo 
kept  non-deflecting,  and  will  maintain  its 
normal  form.  As  it  is  laid  into  the  ground, 
so  it  will  remain. 

The  general  defect  of  the  bridge  rail  laid 
longitudinally  being  vertical  deflection,  it  be¬ 
comes  important  to  know  how  this  may  be 
remedied  without  elevating  the  rail.  The 
process  would  be  simple.  The  rail  deflects  for 
want  of  vertical  depth  as  a  bearer.  If,  there¬ 
fore,  the  same  quantity  of  iron  be  rolled  to 
double  the  depth  in  the  centre  web  and  the 
longitudinal  timbers  so  bolted  to  each  side 
instead  of  below,  the  rail  will  carry  four 
times  the  load  without  increasing  the  eleva¬ 
tion.  On  the  cross  sleeper  system  the  rail  has  a  depth  of  from 
5  to  5£  inches,  with  a  width  of  2£  inches ;  while  the  bridge  rail 
is  3J  inches  deep,  with  a  width  of  6  inches.  It  follows,  there¬ 


fore,  that  virtually  the  transverse  rail  is  best;  but,  horizontally, 
the  rail  laid  longitudinally  is  best.  But  to  hold  the  deep  rail 
upright  on  cross  sleepers,  it  should  have  a  flat  foot  at  least 
6  inches  wide,  or  something  else  must  be  resorted  to — so  cast-iron 
chairs  are  resorted  to,  to  form  a  base  on  each  sleeper.  In  fixing  these 
rails  to  the  chairs  it  has  been  assumed  that,  the  weight  of  the  rail 
having  a  tendency  to  keep  down  in  the  chair,  there  was  little  need 
of  any  other  fastening,  wherefore  it  was  held  sufficient  to  drive  in  a 
lateral  wedge  of  wood.  But  rails  spring  up  and  down  and  laterally 
between  the  chairs;  so  the  wood  gets  crushed  and  ground  loose,  and 
the  rail  jumps  and  hammers  into  notches,  and  crystallizes,  and  re¬ 
quires  replacing  more  rapidly  than  if  it  had  been  held  fast. 

But  rails  can  only  be  a  certain  length,  having  reference  to  the 
strength  of  the  labourers  employed  in  various  countries,  and  to 
expansion.  If  a  21  feet  rail  be  a  good  length  for  England,  as 
diminishing  the  number  of  joints,  18  feet  will  be  enough  for  hot 
countries.  It  is  a  common  saying  amongst  platelayers,  that  any¬ 
thing  will  do  for  a  packing  for  an  intermediate  chair  if  the  joints 
be  well  provided  for.  The  original  mode  of  making  joints  was  to 
abut  the  rails  on  a  wide  chair,  but  the  insufficient  wood  wedges 
getting  loose,  the  risk  became  great  of  the  rail  ends  rising,  and  many 
accidents  occurred  by  engines  getting  off  the  line.  For  this  reason, 
the  writer  devised  the  fish  joint,  not  as  an  invention  proper,  but  as  a 
useful  contrivance  to  patch  up  a  bad  structure.  The  advantage  and 
safety  arising  from  this  patch  are  so  great  that  it  became  almost 
universally  adopted  ;  but  it  is  still  a  structure  far  from  satisfactory, 
and  would  be  replaced  by  a  better  arrangement  were  it  not  that 
railway  practice,  from  its  enormous  extent,  becomes  constantly 
stereotyped,  and  anything,  however  demonstrably  better,  is  denounced 
as  new,  just  as  its  newness  kept  the  fish  joint  out  of  use  for  years 
after  experiment  had  proved  its  utility. 

In  choosing  a  permanent  way,  we  must  consider  its  first  cost. 
Iron  and  timber  combined  has  been  at  the  outset  not  the  cheapest 
as  to  wear,  but  the  least  costly.  But  the  weight  of  engines  has 
reversed  these  conditions,  and  rails,  chairs,  fastenings,  and  sleepers 
have  at  last  worked  up  to  a  cost  greater  than  that  of  a  solid  wrought- 
iron  way,  and  the  remedy,  for  various  mechanical  reasons  as  well  as 
financial  ones,  is  to  come  to  wrought-iron  of  simple  structure.  The 
wrought-iron  way  may  be  under  3000  separate  parts  per  mile,  while 
the  common  way  of  rails,  chairs,  sleepers,  keys,  fishes,  and  bolts  is 
about  18,000  parts  per  mile;  and  for  export  to  India,  to  which 
everything  is  now  sent  from  England,  the  weight  of  wrought-iron 
way  complete,  will  be  under  150  tons  per  mile,  while  the  ordinary 
way  is  over  300  tons  per  mile,  the  cost  of  freight  being  some  40s. 
per  ton.  Whatever  be  the  delay  in  adoption  in  England,  it  is  certain 
to  be  adopted  for  India  for  the  above  reasons,  and  the  additional 


Permanent  Way  Company’s  Rolled  Chairs. 

one,  that  timber  is  found  to  be  a  failure,  and  that  cast-iron  sleepers, 
in  addition  to  being  brittle,  swell  the  cost  considerably. 

But  iron  way  is  too  rigid,  it  is  objected.  This  is  not  founded 
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on  fact.  Iron  way,  and  especially  continuous  iron  way,  is  re¬ 
sonant,  and  resonance  is  called  rigidity.  Stone  roads  are  resonant 
also,  but  they  are  preferred  to  wood.  In  truth  it  is  the  loose¬ 
ness  of  the  chair  roads  that  breaks  up  the  vibrating  resonance 
into  shakes  and  bumps,  and  obtains  what  is  misnamed  elasticity  by 
sinking  into  loose  ballast.  But  not  thus  is  cheap  movement  to  be 
obtained  or  fuel  saved.  To  make  a  yielding  road  may  save  some 
noise,  but  it  will  increase  destruction  and  the  cost  of  breakage. 
Those  who  use  omnibuses  travel  over  hard  roads,  but  they  use  elastic 
wheels  and  elastic  springs ;  and  such  also  must  be  resorted  to  on  rail¬ 
ways  before  the  expenditure  due  to  incessant  repairs  is  abolished. 

Fig.  343. 


Fig.  349. 


being  made  to  descend  below  the  rail  with  additional  fastenings. 
Mr.  Fisher  has  a  dislike  to  screw  bolts,  and  uses  key 
bolts  instead. 

This  would  doubtless  made  a  good  joint,  but  on 
revising,  it  would  probably  be  needful  to  chip  the 
worn  and  indented  bead  to  allow  the  fishes  to  come 
together. 

Mr.  Ramsbottom,  the  intelligent  engineer  of  the 
London  and  North  Western  Railway,  has  also  a 
system  of  fastening  calculated  to  dispense  with  wood 
keys  and  the  ordinary  fish  joints.  In  the  side  chan¬ 
nels  of  the  rails,  are  fitted  wedge- 
formed  pieces  of  wrought-iron, 
thinner  below  than  above.  The  chairs  are  of 
wrought-iron,  very  massive,  and  rolled  in 

Fig.  350. 


Fig.  345. 


Longitudinal  Elevation. 

The  difficulty  of  keeping  transverse  permanent  way  rails  firm  has 
led  to  many  contrivances,  which  are  shown  in  the  Exhibition. 

The  Permanent  Way  Company  show  rolled  chairs  formed  in  two 
halves,  and  bolted  to  and  through  the  rails 
both  for  joints  and  intermediates. 

In  some  cases  the  fish  joints  are  placed  in 
recesses  of  half  chairs,  as  in  Figs.  343  and  344. 
They  also  exhibit  fishes  applied  with  right 
and  left  hand  screws,  the  fishes  on  either  side 
the  rail  forming  nuts  to  the  screws.  The  great 
difficulty  of  keeping  foot  bolts  tight  arising 
simply  from  faulty  construction  has  given  rise 
to  this. 

W.  Bridges  Adams  exhibits  bracket  joints  of 
the  St.  Helen’s,  Lancashire,  Eastern  Counties, 
South  Wales,  and  other  lines,  and  intermediate 
lines  of  railway,  the  advantage  being  that  they 
get  rid  of  the  wood  keys,  are  little  more  than  half  the  weight  of 
the  ordinary  chairs,  and,  having  no  bottoms  for  the  rails  to  rest  on, 
save  the  rails  from  damage  by  hammering  and  crystallization. 


Ramsbottom’s  Railway  Chair. 


Transverse  Section. 


Fig.  316. 


Fig.  347. 


Adams’  Bracket  Joints. 

Mr.  Deering  exhibits  spring  joints  and  keys,  the  joints  being  made 
of  tempered  steel  to  clip  the  rail  elastically  and  dispense  with  bolts. 

If  the  section  of  rail  be  such 
Fig- 348-  as  to  prevent  it  from  opening 

the  spring  joint  by  wedging, 
and  sufficient  grip  can  be 
attained  by  the  elastic  force, 
there  is  no  reason  why  it 
should  not  answer.  Tubular 
spring  keys  are  applied  in 
ordinary  chairs. 

Mr.  Fisher  of  the  Taff  Vale  exhibits  a  fish  joint  of  peculiar  con¬ 
struction.  It  obtains  greater  depth  than  the  ordinary  fish,  by 


Fig.  351. 


Deering’s  Spring  Joints  &  Keys. 


continuous  bars,  and 
cut  off  to  lengths 
while  hot.  The  chairs 
have  a  pair  of  wedge- 
form  jaws  correspond¬ 
ing  to  the  rail  wedges,  and  the  angle  being  such  as  to  give  sufficient 
acuteness  of  wedge  to  the  bold-firm.  The  rail  is  suspended  and 
does  not  rest  on  the  bottom,  so  that  the  full  power  of  tire  wedge  is 
applied,  and  the  turn-table  is  not  damaged  by  the  blows  of  the 
wheels.  The  rail  is  in  fact  nearly  solid  and  in  one  with  the 
chair. 

Mr.  Ashcroft,  of  the  South  Eastern,  shows,  through  the  Permanent 
Way  Company,  a  similar  arrangement  to  that  of  Mr.  Rams¬ 
bottom,  with  the  exception  that  the  wedges  are  of  wood  with  the 
groove  vertical. 

The  Anderston  Foundry  Company  exhibit  a  very  ingenious 
arrangement  of  metallic  wedge  keys. 

There  is  no  doubt  that  iron  keys, 
perfectly  applied,  are  better  than 
wooden  keys.  The  chief  difficulty  lies 
in  keeping  them  tight,  and  this  can 
only  be  done  by  making  the  wedge 
very  acute,  and  then  there  is  a  great 
risk  of  breaking  the  chair.  But  there 
is  also  a  difficulty  in  securing  a  fit, 
between  the  surfaces  of  wedge,  chair, 
and  rail  sufficient  to  prevent  the  first 
getting  loose.  This  is  accomplished 
by  driving  the  key  between  a  pair  of 
nearly  concentric  curved  surfaces,  one 
formed  by  the  chair  face  and  the  other 
by  a  casting  fitting  the  rail  channel. 

It  is  a  geometrical  property  of  two 
concentric  lines,  that  if  they  be  moved 
in  the  direction  of  the  tangent,  they 
can  vary  the  opening  between  them 
from  an  obtuse  to  an  acute  wedge. 

Therefore,  by  this  arrangement,  any  inaccuracy  in  the  wedge  is 
compensated  for  by  moving  the  casting  more  or  less  along  the  rail 
channel.  Fig.  351  shows  a  section  and  plan  of  a  combined  sleeper 
and  chair,  constructed  on  this  system.  The  sleeper  is  of  a  flattened 
or  disc-like  figure,  hollowed  on  the  underside,  so  as  to  take  a  very 


Anderston  Foundry  Co.’s  Combined 
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Fig.  352. 


Adams’  Key— Section. 


Fig.  353. 


firm  hold  of  the  ground.  From  the  convex  surface  of  this  disc 
rises  the  central  conical  boss  on  which  is  cast  the  chair.  The  rail 
is  fixed  in  its  place  by  a  bolster-piece,  the  outer  face  of  which  is 
recessed  in  the  centre,  so  as  to  leave  two  bearing  surfaces  of  a 
curved  or  angular  figure.  These  surfaces  form  with  the  contiguous 
face  of  the  inner  jaw  of  the  chair  two  curved  or  polygonal  planes 
slightly  eccentric  to  each  other.  In  this  way  the  open  part  forms 
a  tapered  channel  or  recess  to  receive  a  correspondingly  shaped 
key,  which  when  driven  in  forms  a  double  wedge  that  resists  the 
disturbing  forces  acting  in  either  direction.  The  platelayer  is, 
however,  left  to  his  own  discretion,  or  his  want  thereof,  as  to  the 
driving  of  the  wedge,  and  may  break  the  chair  jaw  if  his  hammer  be 
too  heavy,  or  his  blow  too  powerful. 

Mr.  W.  Bridges  Adams  has  two  or  three  modes  of  keying 
up  the  rails  without  using  wedges 
at  all,  but  substituting  elastic 
keys.  The  keys  are  formed  of 
straight  angle  or  plain  bars  tem¬ 
pered,  and  tightened  in  the  process 
of  driving  to  the  extent  required, 
and  leaving  nothing  to  the  discre¬ 
tion  of  the  platelayer.  The  angle 
key  fits  at  three  points,  and  against 
a  notch  in  the  chair  jaw,  or  in  a 
false  chair  jaw,  and  in  the  two 
angles  of  the  rail  channel.  The 
key  is  quite  parallel  save  the  nar¬ 
rowing  of  the  points  to  enter  easily. 
As  it  drives,  the  two  webs  take  a 
hollow  curved  line,  and  there  is  no 
tendency  to  jump  back,  as  with  a 
wedge. 

Another  method  is  to  drive  a  flat 
bar  between  two  curved  surfaces ; 
the  bar  travels  across  its  width, 
and  thus  retains  its  hold  elastically. 
A  third  mode  is,  to  bend  the 
parallel  straight  elastic  bar  longi¬ 
tudinally,  in  the  act  of  driving. 
This  system  is  applied  to  existing 
chairs  of  permanent  way,  by  a 
casting  fitting  the  rail  and  a  sup¬ 
plementary  casting  on  the  jaw  of 
the  chair,  the  bar  being  driven  in 
between  them. 

Mr.  Corlet,  of  Dublin,  exhibits 
longitudinal  wrought  -  iron  way, 
formed  of  two  pieces  with  joints  bolted  together.  It  is  adapted  for 
tramways  in  towns,  or  to  be  used  on  ordinary  railways.  A  piece  of 

this  is  laid  down  beneath  the  loco¬ 
motives  in  the  Exhibition.  This 
would  probably  make  a  good  line, 
but  it  is  single-headed,  and  it  is  an 
objection  that  the  part  to  be  re¬ 
moved  when  worn  is  much  greater 
than  that  which  is  left.  If  a  rail 
be  in  the  running  parts  the  rail 
proper  should  be  kept  as  light  as 
possible. 

In  the  French  department 
M.  Maselin  exhibits  a  double¬ 
headed  rail,  supported  between  two 
angle  irons  resting  on  the  surface  of  the  ground.  Experiment 
has  proved  that  it  will  make  a  good  permanent  way.  It  is  in  fact 
one  of  the  varieties  of  permanent  way  of  Mr.  W.  Bridges  Adams, 


Section. 


Fig.  364. 


Adams’  Key — Plan. 

Flat  bar  between  two  curved  surfaces. 


Fig.  355. 


Collet’s  Tramway. 


long  since  shown  in  mechanical  publications.  It  only  needs  good 
making  and  fitting,  a  true  normal  form,  and  it  is  very  durable.  The 
rail  when  worn  on  the  top  cau  be  removed  and  reversed,  and  when 
worn  out,  replaced,  leaving  the  angles  undamaged. 

Mr.  Truss  exhibits  a  railway  chair  of  cast-iron  with  a  cruciform 
base,  one  limb  of  which  is  cast  hollow  above,  in  order  to  insert  a 
piece  of  wood  with  a  surface  about  5  inches  by  2  inches,  on  which 
the  rail  bears.  The  object  of  this  is  to  prevent  mischievous  vibra¬ 
tion  and  hammering  on  the  lower  table  of  the  rail,  by  transferring  the 
crushing  effect  to  the  timber,  which  may  be  renewed.  But  it  would 
hardly  seem  that  a  bearing  area  of  ten  inches  per  yard  run  would 
suffice  for  permanence.  It  seems  supererogation  to  put  an  iron  chair 
on  a  timber  sleeper,  and  then  wood  in  the  iron  chair;  surely  it 
would  be  better  to  dispense  with  the  chair  altogether. 

HerrGanz,  of  Ofen,  exhibits  a  sample  of  wrought-iron  way,  which 
is  a  variety  of  the  Barlow  rail,  being  made  in  three  parts,  the  rail 
having  a  pair  of  angle  irons 
bolted  on  each  side,  with  the 
same  defect  as  the  Barlow,  that 
the  longitudinal  bearing  is  not 
horizontal,  but  inclined,  forming 
a  trough.  This  trough  sucks 
up  water  and  retains  it,  while 
there  is  a  tendency  in  the  rail 
to  rock  on  the  ballast.  The 
object  of  making  this  trough  is 
to  prevent  lateral  movement,  as 
were  the  bearing  quite  flat,  it  would  shuffle  laterally  on  the  surface. 
But  this  is  better  accomplished  by  making  a  deep  rail  to  descend 
below  the  horizontal  bearing,  forming  a  keel  and  holding  the  rail 
just  as  a  keel  steadies  a  ship  in  the  water. 

Mr.  Seaton  exhibits  a  system  of  permanent  way,  on  which  a  saddle 
rail  is  bolted  to  a  large  balk  of  timber  cut  diagonally.  This  gives 
great  longitudinal  as  well  as  horizontal  stiffness,  and  the  rail,  so  far 


Fig.  356. 


Seaton’s  Saddle-back  Sleeper  and  Rail. 


as  it  bears  continuously  on  timber,  will  not  be  subject  to  crystallization. 
But  the  rail  itself  apart  from  the  timber  has  very  little  stiffness  in 
either  direction,  as  may  be  proved  by  weighting  it  between  supports. 
In  that  mode  it  has  the  defects  of  the  Barlow  rail  which  it  resembles 
in  section.  It  is,  therefore,  important  that  it  be  so  fastened  by  bolts 
or  screws,  as  to  become  one  in  supporting  power  with  the  timber. 
And  as  it  is  the  timber  which  gives  the  rail  the  power  of  maintaining 
the  normal  form,  it  is  important  that  the  timber  should  not  be  subject 
to  warp  or  twist.  Another  question  is  as  to  the  joints.  If  the  rails 
spring  up  or  down  on  the  timber,  there  will  be  a  tendency  to  hammer 
their  ends  on  the  iron  joint  plate  below  them.  There  is  less  ten¬ 
dency  in  the  rail  to  split  across  the  head  than  in  the  bridge  rail  proper; 
but  the  pressure  of  the  wheels  must  cause  the  rails  to  deflect  and 
compress  the  timbers,  or  get  detached  from  them  unless  it  were 
made  much  deeper  or  the  loads  be  less  than  ordinary.  The  base  is 
broader  with  a  given  quantity  of  timber  than  is  the  bridge  rail 
rectangular  sleeper,  but  the  difficulty  of  disturbing  the  ground  and 
getting  at  it  to  pack,  and  so  letting  in  surface  water,  is  the  same.  On 
the  Great  Western,  the  systems  of  fastenings  were,  first  wood  screws, 
and  then  bolts  and  nuts ;  and  as  the  same  sources  of  disturbance  are 
at  work  in  both  cases,  it  is  probable  that  bolts  would  be  better  than 
screws  with  the  saddle  rail. 
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8.-NEW  CONTRIVANCES  ANCILLARY 
TO  ENGINEERING. 

By  W.  Bridges  Adams,  Esq.,  C.E. 

N  the  world’s  progress 
these  exercise  no  small 
influence.  The  Greeks 
of  old  would  have  pro¬ 
duced  steam  engines 
easily  enough,  had  only 
the  metals  and  tools 
been  forthcoming  for 
handicraft,  the  prede¬ 
cessor  of  steam-work¬ 
ing.  Invention  is  of 
two  kinds — that  which 
is  produced  by  abstract 
_  thought,  converting 
the  powers  of  nature 
to  many  uses,  and  that 
which  is  induced  by 
obvious  defects  in  ex- 
s  isting  practices.  The 
former  is  forethought 
.  or  invention,  the  latter 
s  is  afterthought  or  con¬ 
trivance.  The  former 
\  springs  spontaneously 

from  the  inventor’s 
mind,  the  latter  is  forced 
on  the  workman’s  attention.  Invention  is  in  truth  the  parent  of  con¬ 
trivance,  the  idea  giving  birth  to  the  practice ;  as  we  constantly  see, 
after  every  new  discovery  made  the  subject  of  a  patent,  a  host  of  new 
contrivances  springing  up  in  a  circle  of  patents  like  the  satellites  round 
a  planet.  But  though  the  contrivances  may  appear  small  as  regards 
the  mental  effort  involved,  any  perfect  result  produced  by  them  may 
make  all  the  difference  between  success  and  failure.  Quarrying 
was  an  art  anterior  to  gunpowder,  but  great  was  the  labour-saving 
achieved  by  the  man  who  first  applied  the  powder,  contrived  the 
means  of  boring  a  deep  hole  in  a  hard  rock,  and  brought  the  tamping 
process  to  perfection.  And  great  must  have  been  the  exultation 
over  the  first  production  of  that  apparently  simple  tool  the  “  lewis,” 
a  wedge  split  into  three  parts  to  fix  a  ring  into  a  stone  block  in  an 
undercut  hole  to  lift  the  heavy  weight,  not  otherwise  to  be  moved 
without  damage.  Making  steel,  or  finding  it  made  by  nature,  and 
forming  it  into  a  chisel  to  cut  hard  materials  was  also  an  achieve¬ 
ment,  and  so  throughout  the  whole  of  the  engineering  processes. 
What  is  engineering,  but  the  conversion  of  the  materials  of  nature 
into  new  forms  and  shapes  useful  to  man  by  the  agency  of  mechan¬ 
ical  and  chemical  art?  The  engineer  proper  is,  or  should  be,  the 
designer  of  the  new  and  useful  forms,  the  vice-creator,  varying  by 
art  the  direction  of  the  laws  of  nature  ;  yet  how  little  would  he  really 
achieve  without  the  aid  of  the  numberless  contrivances  that  make  up 
the  great  whole  of  engineering  progression  which  is  still  only  in  its 
infancy  ! 

There  are  two  branches  into  which  engineering  divides  itself ; 
that  which  deals  with  stationary  or  fixed  matter,  and  that  which 
deals  with  moving  matter.  The  former  takes  in  the  structure  of 
roads,  bridges,  buildings,  docks,  harbours,  the  guidance  of  rivers  and 
the  drainage  of  land — converting  hogs  and  fens  to  healthy  human 
uses.  The  latter  takes  in  all  that  moves — engines,  vehicles,  machines, 


vessels  on  water,  tools  of  peace  and  tools  of  war,  mines,  water 
supply,  air  supply,  and  heat  supply,  and  also  the  processes  hitherto 
only  empirically  applied,  of  diminishing  heat  for  the  purposes  of 
health,  in  particular  rooms  and  climates. 

AVe  are  accustomed  to  regard  architecture  and  engineering  as 
being  two  separate  things,  and  common  practice  has  divided  them. 
It  has  been  said  that  an  architect’s  engineering  and  an  engineer’s 
architecture  are  the  two  extremes  of  bad  result ;  but  there  is  a 
worse  condition  than  this,  when  a  man  unites  the  professions  of 
architect  and  engineer  in  his  own  person  without  any  natural  quali¬ 
fication  for  either.  At  the  base  of  all  good  architecture  must  lie 
good  engineering ;  the  structure  must  have  proportion  in  strength 
upon  which  the  proportion  in  form  must  be  based  ;  the  architecture 
is  the  flesh  upon  the  engineering  skeleton,  and  when  an  empirical 
practice  obtains  in  any  class  of  structure,  engineering  and  architec¬ 
ture  cease,  and  the  “  builder  ”  takes  their  place,  commonly  without 
any  knowledge  of  principles  of  structure,  his  practice  going  chiefly 
into  economy  of  cost. 

When  once  a  particular  class  of  structure  has  become  stereotyped, 
the  contractor  and  builder  take  the  places  of  the  engineer  and 
architect,  hut  we  can  no  more  compare  the  former  with  the  latter, 
than  we  can  compare  the  modern  teachers  of  alphabets  with 
Cadmus  their  inventor.  The  true  engineers  and  architects  are 
those  who  have  the  designing  power  in  the  new  and  useful,  and 
the  beautiful,  and  these  men  exist  now,  as  ever,  when  the  demand 
arises  for  their  talents  by  new  conditions  of  circumstances. 

The  materials  of  stationary  structure  are  natural  and  artificial. 
— timber  and  stone,  bricks,  cements,  and  metals.  Neither  timber 
nor  stone  are  in  all  cases  durable.  To  provide  for  the  former  we 
artificialize  it  by  chemical  injections,  as  creosote,  lime,  and  other 
substances.  The  former  renders  it  durable,  but  combustible ;  the 
latter  renders  it  brittle,  and  therefore  these  contrivances  are  imper¬ 
fect.  Stone  is  not  often  chemically  homogeneous,  and  it  is  liable 
to  destruction  by  exposure  to  a  vitiated  atmosphere.  For  this 
reason  it  has  from  very  early  periods  been  waxed,  painted,  varnished, 
and  injected,  and  in  these  modern  days  artificial  stone  has  been 
produced  by  chemical  contrivances,  with  the  advantage  of  being 
moulded  into  shape  without  the  labour  of  cutting.  Brick  or  terra 
cotta ,  literally  cooked  earth,  is  a  more  durable  material  than  many 
kinds  of  natural  stone,  and  as  experiment  goes  on  improving  and 
cheapening  the  processes,  it  will  probably  be  rendered  indestructible 
by  the  atmosphere,  whilst  chemical  cements  combining  with  mechan¬ 
ical  form  will  render  it  homogeneous.  Many  are  the  chemical  and 
mechanical  contrivances  that  have  already  given  value  to,  and 
cheapened  bricks,  but  for  all  that,  a  brick  building  is  still  a  very 
imperfect  kind  of  structure.  Chemical  cements  are  in  truth  artifi¬ 
cial  stone  of  better  or  worse  quality  used  for  joints  and  as  a  cover 
for  other  material.  Cement,  rightly  made  and  cheap  enough,  is  a 
material  to  form  buildings  and  bridges  as  one  solid  rock,  and  this 
is  done  by  the  French  under  the  name  of  beton.  If  chemically 
impervious  to  the  atmosphere,  this  would  be  the  best  class  of  struc¬ 
ture  for  walls,  buildings,  and  bridges,  unless  want  of  space  should 
render  it  desirable  to  use  the  stronger  and  thinner  material,  metal. 

For  moving  matter,  engines,  vessels,  carriages,  machines,  and 
instruments  of  peace  and  war,  metal  is  fast  becoming  the  cheapest 
and  most  available  material.  With  a  given  weight  in  a  large  vessel, 
iron  will  carry  a  greater  load  than  timber,  yet  it  is  little  over  thirty 
years  since  iron  ship  building  became  a  practice.  What  a  host  of 
brain  working  contrivances  have  they  been,  which  have  enabled  us  to 
cut  masses  of  iron  as  we  do  cheese  ere  the  original  iron  vessels,  looking 
like  pots  to  boil  entire  whales  in,  culminated  in  a  Warrior ;  still  only 
an  approximation  to  what  we  must  ultimately  achieve,  ere  the  world 
will  be  satisfied  that  England  is  only  the  veritable  policeman  of  the 
ocean,  permitting  no  seawayman  of  violence  to  harbour  thereon. 
We  have  yet  to  weld  our  sea  Warriors  into  one  homogeneous  mass 
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dispensing  with  rivets  and  joints ;  we  have  yet  to  make  the  iron 
hull  a  surface  to  which  neither  corals  nor  lichens  nor  barnacles  will 
adhere ;  we  have  yet  to  liken  the  speed  to  that  of  swift  fishes  or 
locomotives  on  land;  and  we  have  at  the  same  time  to  make  such 
craft  wholesome,  pleasant,  and  safe  dwellings  for  our  sea  warriors 
against  sea  and  rock  and  foemeu.  But  space  is  denied  us  to  say 
more  now. 

IRON  GIRDERS  FOR  BRIDGES. — Since  the  advent  of  railways 
roads  have  become  more  level  than  of  old;  arched  bridges  of  stone 
cease  to  meet  the  requirements  of  the  time,  and  flat  girders  of 
wrought-iron  are  rapidly  taking  their  place.  There  are  two  princi¬ 
ples  employed  in  iron  girders,  compression  and  tensile  strain — the 
tensile  principle  being  unknown  in  stone  bridges.  In  wrought-iron 
the  power  of  tension  and  compression  may  be  assumed  to  be  nearly 
equal,  if  they  could  be  tried  under  the  same  conditions.  The 
compressing  action  has  a  tendency  to  flatten  the  molecules  trans¬ 
versely,  the  tensile  action  has  a  tendency  to  flatten  them  longitudi¬ 
nally.  But  in  the  two  operations  a  new  element  comes  in,  that  of 
“  buckling.’’  With  the  tensile  strain  the  bar  is  drawn  to  a  straight 
line,  with  the  compressive  strain  the  bar  is  constantly  thrust  into  a 
curved  line  unless  it  be  of  large  dimensions.  For  this  reason  an 
iron  wire,  to  which  a  heavy  load  may  be  safely  suspended,  will 
scarcely  support  a  fractional  part  of  that  load  under  compression  in 
the  same  length. 

In  constructing  a  straight  girder,  it  is  usual  to  make  the  total 
depth  from  top  to  bottom  one-tenth  or  twelfth  part  of  the  total 
length.  The  upper  line  must  have  sufficient  area  to  counteract 
buckling,  as  well  as  sufficient  strength  to  resist  crushing.  The  lower 
line  is  simply  a  chain  or  chord  of  links  or  plates.  The  ultimate 
resistance  to  breakage  must  depend  on  the  links  or  chain  below.  It 
is  obvious,  therefore,  that  the  most  favourable  condition  for  the  use 
of  wrought-iron  is  that  of  tensile  strain. 

In  this  Exhibition  there  are  many  drawings  and  models  of  iron, 
suspension,  and  other  bridges.  We  have  the  design  for  the  Char¬ 
ing  Cross  Suspension  and  the  Clifton  Suspension.  We  have  the  tri¬ 
angulated  girder,  exhibited  by  Colonel  Kennedy,  the  engineer  of  the 
Bombay  and  Baroda  Railway,  as  a  sample  of  the  rigid  girder.  We 
have  an  enormous  box  lattice  of  the  Zollverein,  and  also  a  similar 
kind  in  the  Austrian  department.  In  the  French  department  we 
have  a  sample  of  a  framework  of  wrought-iron,  a  top  and  bottom 
open  frame  held  together  by  similar  vertical  framings,  with  millions 
of  rivets.  And  we  have  also  the  peculiar  suspension  bridges  of  Mr. 
Brunei,  in  which  chains  are  suspended  from  tall  towers  to  carry  a 
roadway,  and  in  order  to  dispense  with  the  anchoring  chains,  the 
towers  are  framed  together  with  wrought-iron  tubes,  in  order  to 
prevent  them  from  pulling  over  with  the  weight. 

In  the  Austrian  department  is  exhibited  a  rigid  suspension  bridge, 
the  best  construction  that  has  yet  appearedfor  the  disposition  of 
the  material,  by  Schnirch  and  Fillunger.  A  bridge  of  this  class 
spanning  the  Danube  at  Vienna  has  now  carried  two  lines  of  rail¬ 
way  since  September,  I860.  The  span  is  274  feet,  and  the  width 
36  feel.  The  weight  of  material  is  490  ton?  of  wrought-iron,  and  41 
tons  of  cast-iron;  total,  531  tons.  On  each  side  the  chains  are 
doubled,  and  formed  of  links  10  feet  in  length,  in  numbers  eight  and 
nine  to  each  chain.  One  chain  is  4  feet  above  the  other  in  a  parallel 
curve,  the  links  breaking  joint.  Diagonal  bars,  serving  both  for 
thrust  and  tension,  stretch  from  the  lower  bolts  to  the  upper,  in  a 
triangulated  form.  Thus  two  diagonals  and  a  chain  link  form  a 
triangular  truss,  and  the  whole  forms  a  rigid  suspension  beam,  the 
ends  rising  at  the  towers  to  three  times  the  central  height,  and  the 
level  roadway  is  suspended  from  the  link  bolts.  It  is  stated  that 
an  ordinary  lattice  bridge  for  the  same  span  would  have  required 
802  tons  of  metal. 

It  appears,  therefore,  that  while  a  straight  triangulated  girder 
requires  a  depth  equal  to  a  tenth  or  twelfth  part  of  the  length,  to 


prevent  buckling,  that  one-seventieth  of  the  length  is  sufficient  for 
triangulated  suspension  chains,  while  the  rise  or  gradient  of  the 
chains  is  only  about  one  in  seventy.  Pressure  on  the  model  gives 
satisfactory  proof  of  the  stiffness  and  freedom  from  oscillation,  both 
vertically  and  laterally,  without  the  aid  of  stay  chains  or  ties.  The 
only  disadvantage  in  the  bridge,  as  compared  with  straight  girders, 
is  the  necessity  for  towers  and  anchoring  chains  to  balance  the 
weight  of  the  load,  and  prevent  the  towers  from  pulling  over. 

In  juxtaposition  with  this  model  is  exhibited  another  model  the 
exact  reverse  in  principle.  It  is  a  triangulated  girder  in  an  arch 
form,  composed  of  similar  links  and  triangles,  but  all  in  cast-iron, 
acting  wholly  by  compression.  The  links  are  practically  shortened 
to  one  half  by  stay  bolts  passing  through  their  mid  length,  to  prevent 
them  from  buckling.  An  enormous  mass  of  stays  and  ties  and 
diagonals  pervade  the  structure,  which  is  complicated  in  all  parts. 
Massive  stone  abutments,  equal  to  half  the  length  of  the  bridge,  are 
required  to  sustain  this  thrust  both  ways.  If  cast-iron  bridges  are 
required  in  an  arch  form,  the  best  and  simplest  structure  is  that 
spanning  the  Thames  at  Southwark. 

In  materials  for  girder  making,  the  Butterley  Iron  Company  have 
been  the  most  successful.  They  have  produced  a  wrought-iron 
beam,  the  vertical  web  of  which  is  3  feet  in  depth,  and  the  top  and 
bottom  tables  each  9  inches  wide,  the  whole  well  proportioned,  and 
it  is  stated  that  these  beams  can  be  produced  60  feet  in  length.  The 
beam  is  rolled  in  three  pieces,  the  two  tables  and  a  broad  middle 
web,  and  welded  up  in  two  seams,  but  the  producing  it  in  one  single 
piece  is  simply  a  question  of  larger  rolling  machinery.  When  these 
beams  are  produced  homogeneously,  bridge  building  will  become  a 
very  simple  process. 

CHAINS. — Years  back  a  Corsican  captain  of  the  sea,  named  Sisco, 
having  experience  of  the  breakage  of  chain  cables  made  in  the  ordi¬ 
nary  manner,  set  himself  to  devise  a  better  plan.  It  is  a  known  quality 
in  iron  and  steel,  that  the  smaller  the  size  the  more  perfect  may  be 
the  manufacture.  Thus,  if  rolled  iron  of  one  inch  in  diameter  will 
carry  28  tons,  the  same  weight  of  metal  in  fine  steel  wire  will  carry 
120  tons.  Sisco  was  not  successful  in  making  and  welding  thiulinks 
with  wire,  and  so  he  tried  the  same  with  iron  hoop,  the  laminae  of 
which  he  brased  together  and  was  successful.  His  cables  with  hoop 
iron  links  sustained  a  far  greater  proportional  strain  than  those  of 
solid  iron.  The  Corsican  found  a  capitalist  in  Madame  Sinibaldi 
to  enable  him  to  take  a  patent  in  England.  So  far  back  as  1851 
experiments  were  tried  at  Woolwich  with  4  square  inches  of  section, 
when  they  broke,  the  2J  testing  chain  at  1 10  tons,  and  since  then  have 
been  tested  up  to  120  tons.  From  that  time  to  this  Madame  Sinibaldi 
has  toiled  on  hoping  against  hope,  and  now  she  sits  at  her  table  in 
the  Exhibition  with  her  chains  and  links  and  samples  before  her,  ex¬ 
plaining  them  to  all,  like  a  brave  woman  as  she  is;  and  she  insists  on 
the  applicability  of  the  system,  not  merely  to  chains,  but  to  armour 
plates.  But  she  also,  in  the  usual  process  of  inventive  improve¬ 
ment,  has  had  to  find  a  capitalist,  and  he  has  turned  up  in  the 
person  of  the  Duke  of  Buccleuch,  who  has  become  the  proprietor 
of  all  the  patents  taken  and  to  be  taken  for  “  cold  rolled  iron  brased.” 
We  trust  he  may  succeed  in  getting  a  perfect  manufacture  set  up 
at  Woolwich.  It  involves  little  expense  on  the  trial,  and  the  samples 
shown  are  susceptible  of  great  improvement. 

The  toughest  iron  known  in  former  days  to  sustain  a  strain  with¬ 
out  breaking  was  called  scrap  iron.  There  was  no  brittleness  in 
it  though  it  would  stretch.  Toughness  is  virtually  from  experiment 
the  quality  needed  in  armour  plates,  and  military  cuirasses  of  ham¬ 
mered  iron  were  better  and  tougher  than  if  made  of  steel.  To 
make  a  hoop  iron  cable  of  cast-iron  would  be  a  simple  matter ;  to 
make  an  iron  plate,  drawn  together  in  thin  sheets,  would  be  a  more 
difficult  thing,  but  not  necessarily  would  it  be  more  costly  than  the 
present  method  of  building  together  bricks  of  iron  like  a  brick  wall. 
It  is  one  of  the  processes  that  is  worth  trying,  and  the  Woolwich 
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authorities  could  try  it.  Whether  boiler  plate  brased  together  in 
thicknesses  would  answer,  we  do  not  yet  know,  and  we  ought  to 
exhaust  the  subject  lest  some  one  else  should  do  it  for  us. 

In  making  a  chain,  it  is  evident  that  if  a  closed  link  be  first  made 
the  next  one  should  be  an  open  link  to  enter  it  and  so  on.  With 
solid  round  iron  the  open  link  is  closed  by  the  welding  process,  and  the 
efficacy  of  this  must  depend  on  the  skill  and  honesty  of  the  workman. 
If  during  the  process  of  heating  atmospheric  air  gets  access  to  the 
surfaces  intended  to  be  united,  they  will  scale,  that  is,  a  thin  scale 
of  oxyde  of  iron  will  be  interposed  between  the  surfaces,  and  the 
result  will  be  contact  without  incorporation. 

On  the  Sisco  plan  a  very  ingenious  link  mould  revolving  by  steam 
or  other  power  (Fig.  358),  is  made  to  wind  up  the  hoop  into  link  within 
link  ;  when  completed  the  mould  opens,  is  again  applied,  and  so  on 
in  succession.  There  can  be  no  error  in  this,  no  defects,  for  every 

portion  of  the  iron  is 
seen  as  it  winds  up, 
and  the  strain  put  on 
each  layer  may  be 
regulated.  The  work¬ 
man  sits  in  an  ordi¬ 
nary  atmosphere,  and 
his  eyes  are  not 
strained  or  burned 
with  heat.  When  a 
sufficient  number  of 
links  are  in  position 
they  are  plunged  in 
a  bath  of  melted 
metal,  and  the  whole 
of  the  laminae  are 
bound  together.  The 
whole  is  galvanized, 
and  the  cable  is  free 
from  rust ;  central 
studs,  and  end  wearing  pieces  are  then  brased  in  so  that  each  link 
assumes  the  same  geometrical  form  as  ordinary  chain  links,  giving 
the  strain  in  straight  lines.  There  is  no  other  mode  of  getting  the 
strongest  metal  of  iron  and  steel,  than  that  of  making  it  in  small 
sections,  that  we  at  present  know  of,  and  probably  steel  hooping 
would  be  better  than  iron. 

LIFTS. — Amongst  the  useful  things  that  have  been  strangely 
neglected  in  general  application,  is  that  of  self-acting  lifts  for  ascent 
to  buildings  and  descent,  and  especially  of  human  beings,  and  this  is 
more  remarkable  as  the  types  of  the  principle  are  to  be  found  in  every 
window  with  a  balance  weight,  and  every  spring  blind.  In  cottage 
houses  all  ground  floor,  or  in  houses  with  a  single  story  or  two  stories, 
the  staircase  may  suffice,  although  it  is  a  contrivance  occupying  great 
space  ;  but  with  the  tendency  to  economize  space  by  the  erection  of 
lofty  buildings  with  many  floors  now  so  prevalent,  one  of  the  great 
wants  of  the  age  is  a  simple  process  for  lifting  persons  and  goods. 
When  steam  power  exists  there  is  no  difficulty  whatever,  and  a 
domestic  power  by  steam  or  other  process  has  yet  to  be  brought  to 
bear.  Possibly  heated  air  machinery  without  risk  of  explosion  may 
eventually  suffice,  as  small  power  only  is  needed.  Whoever  shall 
accomplish  the  task  of  enabling  the  inmates  of  dwellings  to  lift  them¬ 
selves  from  one  floor  to  another  by  simply  pulling  a  cord  as  they 
would  a  bell  rope,  and  thus  dispensing  with  the  staircase  and  the 
expenditure  of  muscular  labour,  will  be  a  very  large  benefactor  to 
society.  And  it  must  be  remembered  that  a  very  important  con¬ 
dition  of  health  is  to  live  at  a  considerable  elevation  above  the  sur¬ 
face  of  the  earth,  so  as  to  obtain  pure  and  dry  air  away  from  mias¬ 
matic  exhalation.  There  is  a  record  of  the  days  of  London  piagues, 
recounting  how  a  citizen  closed  his  doors  and  retired  to  the  upper 
floors  of  his  house  with  his  family,  lifting  all  provisions  by  a  rope, 


Fig.  358. 


Sinibaldi’s  Chain  Machine. 


and  while  his  neighbours  died  around  him  in  shoals,  was  saved  from 
all  harm. 

Messrs.  Lawrence  exhibit  a  lift  for  London  warehouses.  A  plat¬ 
form  is  made  to  move  vertically  between  four  guide  posts.  The 
weight  of  the  platform  is  balanced  by  a  counterweight.  For  the 
purpose  of  hoisting  goods  a  rope  is  connected  with  a  crab  tackle 
below.  This  is  a  very  useful  approach  to  what  will  be  wanted  for 
future  times. 

MALLET’S  BUCKLED  PLATES. — Amongst  the  important  contriv¬ 
ances  exhibited  are  the  buckled  plates  of  Mr.  Mallet.  Everybody 
knows  what  corrugated  iron  is, 
that  it  gives  greatly  increased 
stiffness  to  any  thin  metal,  but  it 
gives  this  stiffness  only  length¬ 
wise  with  the  corrugations.  The 
buckled  plates  give  stiffness  in  all 
directions ;  they  practically  form 
flat  domes  of  enormous  strength 
with  a  very  slight  depth  of  buckle. 

The  process  of  manufacture  is  to 
strike  the  flat  plate  between  two 
iron  dies,  which,  while  leaving  the 
edges  in  their  normal  flat  form, 
raises  the  centre  from  a  tenth  to 
a  twelfth  of  the  breadth  in  height, 
in  a  curved  elevation.  The  flat 
edge  or  base  being  screwed  down 
to  timber  or  iron  joists,  the  eleva¬ 
tion  makes  the  plate  enormously 
strong  vertically,  while  the  weight  is  comparatively  trifling.  This 
contrivance  is  one  of  the  happy  thoughts  that  embody  great  utility, 
as  it  were  in  a  flash,  and  remain  complete  from  the  outset.  It 
is  used  for  many  purposes  in  floors  and  bridges,  and  there  are  many 
more  uses  to  which  it  will  yet  be  applied. 


9-MACHINES  FOR  DIRECT  USE-ENGINEERING 
TOOLS. 

By  Robert  Mallet,  Esq.,  Mem.  Inst.  C.E.,  F.R.S. 

all  words  in  the  English  language,  Engine, 
Machine,  Instrument,  and  Tool,  are  loose  and 
uncertain  in  their  application — the  first  and 
last  pairs  being  even  defined  as  equivalents  by 
lexicographers.  The  use  of  the  word  Tools 
by  elision  for  Machine-tools,  but  seldom  in 
the  singular,  and  more  correctl}'  in  French 
and  German  always  machine-outils,  werk- 
zeugmaschiiien,  is  quite  a  recent  example  of 
the  growth  of  language,  in  its  adaptation  to 
signify  all  complex  instruments  not  used  by 
the  hand  alone  for  the  fashioning  in  various  ways  solid  materials, 
with  a  view  to  their  becoming  integral  parts  either  of  structures  or 
other  machines.  Other  complex  instruments,  albeit  quite  analogous 
in  details  to  these,  but  intended  to  operate  upon  materials  for  other 
ends,  are  called  simply,  Machines,  such  as  those  for  button-striking, 
pin-making,  wire-drawing,  &c.  Tools,  therefore,  in  the  present 
article  are  confined  to  machines  operative  upon  metals,  and  upon 
wood  or  other  analogous  material. 

We  are  not  aware  that  any  attempt  has  hitherto  been  made 
to  classify  tools  in  a  methodic  manner,  except  that  of  Nasmyth 
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(Buchanan  on  mill  work,  third  edition,  page  394),  who  bases  his 
division  upon  the  rather  fanciful  idea  that  all  the  elementary  parts 
of  machines  may  be  reduced  to  six  forms,  the  line,  plane,  circle, 
cylinder,  cone,  and  sphere,  and  that  the  tools  that  form  these  may 
be  correspondingly  classed.  This  division,  however,  is  not  only 
artificial,  but  obviously  inadequate.  We  shall  attempt  one  more 
real. 

All  tools  belong  to  the  one  great  class  of  copying  instruments. 
Their  final  action  is  in  every  case  due,  to  the  following  of  one  or 
more  guide  pieces,  or  to  the  repetition,  direct  or  inverted,  of  a  form, 
and  they  may  probably  be  divided  into  six  groups,  viz.  : — 

TOOLS. 

1.  Of  section.  4.  Of  contusion. 

2.  Of  detrusion  or  penetration.  5.  Of  inflection. 

3.  Of  abrasion.  6,  Of  compression. 

To  the  first  belong  lathes,  boring,  planing,  and  shaping,  slotting, 

drilling,  screw-cutting  machines,  and  all  others  acting  with  a  cutting 
edge  proper,  and  whose  actions  most  usually  are  to  copy  right  lines 
or  planes,  with  or  without  combination  with  various  solids  of  revolu¬ 
tion.  To  the  second  belong  shears,  punches,  and  the  like.  To  the 
third,  rose-cutters,  nut-finishers,  grindstones,  emery-wheels, polishing 
machines,  &c.  To  the  fourth,  forging  machines,  steam  and  other 
hammers,  striking  dies,  laminating  rollers,  wire-drawing  machines, 
&c.  To  the  fifth,  plate-bending  rolls,  tyre  and  spoke-bending 
machines,  armour  plate  and  rail  straightening  or  bending  presses, 
&c.  ;  and  to  the  sixth,  presses  for  rivetting,  making  screw  bolts, 
nuts,  and  many  other  such  things.  We  may  find  it  most  convenient 
probably  not  to  adhere  too  rigidly  to  classification,  as  to  the  order 
in  which  we  shall  refer  to  the  several  tools  exhibited. 

Hand  tools  for  working  in  metals  and  wood  are  no  doubt  almost 
coeval  with  the  human  race,  and  even  the  origin  of  some  tools  in 
the  modern  sense  is  lost  in  antiquity.  The  lathe  is  said  to  have 
been  invented  by  TccXos,  the  grandson  of  Aa iduXog,  and  by  Pliny, 
said  to  have  been  by  some  Theodore  of  Samos,  or  by  Thericles. 
The  expression  of  Cicero,  who  calls  certain  workmen  v ascularii, 
and  which  has  been  assumed  to  apply  to  turned  work,  seems  more 
probably  to  apply  to  hollow  ware  “  raised  up”  from  flat  sheets  of 
metal  by  the  lathe  ;  for  it  is  very  remarkable  how  little  lathe  work 
proper,  has  been  found  amongst  the  metallic  remains  of  Egyptian, 
Greek,  or  Roman  times — we  believe  none,  amongst  the  extremely 
early  metallic  works  of  the  northern  nations. 

The  potter’s  wheel,  an  implement  of  probably  more  than  five 
thousand  years’  history,  was  undoubtedly  the  earliest  germ  of  the 
lathe.  Almost  unaltered  in  its  parts,  it  became  in  the  remote  East, 
the  gem-cutting  wheel,  which,  adapted  to  the  diamond  polisher 
(with  diamond  dust),  by  the  discovery  of  Louis  Berquen  of  Bruges, 
continues  even  now  in  Amsterdam,  and  elsewhere,  in  its  primitive 
form.  Gem-cutting  in  cameo  and  intaglio,  an  extremely  early  art, 
and  practised  by  the  same  abrasive  means,  probably  first  suggested 
the  necessity  and  the  idea  of  transposing  the  spindle  from  the  vertical 
to  the  horizontal,  so  that  the  extremely  old  “  seal-cutter’s  engine,” 
as  it  may  be  seen  figured  in  the  pages  of  Felibien  and  other  old 
writers,  was  probably  the  immediate  predecessor  of  the  lathe  for 
turning  metals,  wood,  &c.  Once,  its  almost  universally  adaptable 
powers  had  been  found  out,  every  form  of  revolving  cutter,  drill,  and 
boring  tool,  must  have  in  their  ruder  forms  followed. 

There  was,  however,  no  demand  for  progress  or  improvement  in 
the  lathe  in  very  early  times.  The  metallurgic  arts  were  too  crude 
and  undeveloped  to  enable  metallic  works  upon  a  large  scale  to 
exist.  Fine  art,  directed  as  ever,  by  the  wealthy  and  by  the  church 
of  the  day,  to  architecture  and  sculpture,  and  the  chasing,  &c.,  of 
“  silver  images,”  sought  not  for  regular  forms  beyond  those  that  were 
fictile ;  so  that  until  long  after  the  commencement  of  the  Christian 

era,  it  seems  improbable  that  the  lathe  had  ever  advanced  beyond 
some  rude  sort  of  spindle,  upon  which  the  nave  of  a  cart  wheel  or 
the  like  might  perhaps  be  fashioned. 

It  is  a  matter  of  extreme  interest  and  curiosity  to  trace  the  fact, 
that  it  is  to  the  rise  and  progress  of  clock  and  watch  making  that  we 
in  reality  owe  the  origin  and  early  growth  of  our  modern  tools. 
The  ancient  clepsydrae  had  toothed  wheels  applied  to  them  by  that 
really  great  genius  Ctesibius,  about  140  years  before  Christ,  and  as 
in  use  in  Trajan’s  time,  may  be  seen  to  this  hour,  sculptured  upon 
the  bassi  relievi  of  his  column  at  Rome  ;  but  nearly  1200  years  of 
human  darkness  elapsed  before  we  hear  again  of  their  employment 
for  measuring  time  by  anything  like  the  modern  clock. 

In  the  tenth  century,  Gerbert  had  made  several  clocks  “  with 
weights  and  wheels,”  and  amongst  these,  the  long  wonderful  clock 
of  Magdeburg.  “  Admirabile  horologium  fabricavit,”  says  Marlot, 
but  he  uncharitably  adds,  “per  instrumentum  diabolica  arte  in- 
ventum.” 

As  early  as  1326,  we  had  in  England  the  celebrated  clock  of  St. 
Albans,  constructed  under  the  directions,  if  not  by  the  hands  of 
Abbott  Wallingford,  which  seems  to  have  performed  many  of  the 
mechanical  antics  which  still  excite  wonder  in  that  of  Strasbourg. 

Clocks,  and  especially  turret  clocks,  were  for  more  than  two 
centuries  still  the  hobbies  of  kings  and  kaisers  and  princely  church¬ 
men — a  royal  taste  that  had  not  quite  vanished,  when  on  the  eve 
of  the  great  Revolution,  the  foreboding  clock  of  the  Tuilleries  stopped 
under  the  meddling  fingers  of  Louis  XVI.  The  Emperor  Charles 

V.  in  1370  employed  the  artist  Vich,  by  whom  he  had  made  wheel 
clocks  with  crown  wheel  escapements  and  “  the  cross  regulator 
and  in  1382  the  Duke  of  Burgundy  plundered  and  brought  away 
to  his  capital  the  great  clock  of  Courtray,  which  still  hangs  in  the 
Tour  de  Notre  Dame  at  Dijon. 

In  several  of  the  great  cities  of  mediaeval  Italy  clockmaking  was 
combined  with  the  construction  of  the  refined  and  delicate  machines 
employed  for  the  manipulation  of  silk,  and  for  which  special  tools 
were  required,  as  has  been  shown  by  Libri  (Hist,  des  Scien.  Math.). 

In  these  works  the  Dondi  family  were  celebrated  throughout  Southern 
Europe,  as  early  as  this  century. 

Watchmaking  was,  a  hundred  years  later,  making  steady  progress 
at  Venice  and  Florence,  and  other  cities  of  Northern  Italy,  and  with 
it,  no  doubt,  many  special  tools,  which  afterwards,  enlarged  and 
improved,  became  employed  in  clockmaking  in  southern  Germany,  in 
Spain,  and  in  the  Low  Countries.  The  very  early  toothed  wheels  for 
clocks,  appear  to  have  been  divided  and  filed  out,  by  hand,  and  there 
is  some  reason  to  think  that  the  earliest  watch  wheels  were  cut  out  by 
a  machine  that  copied  a  large  wheel  thus  prepared,  with,  of  course,  a 
corresponding  reduction  of  errors.  An  examination,  however,  of  the 
large  and  often  complicated  tower  clocks — with  their  chimes,  and 
large  divided  brass  barrels  of  the  “  carillons,”  of  the  fifteenth  and 
sixteenth  centuries — that  still  exist  in  Belgium  and  various  parts  of 
Germany,  prove  that  several  special  tools  of  considerable  accuracy 
and  power,  must  have  been  in  the  hands  of  those  early  horologists, 
and  that  the  lathe,  at  least,  had  reached  a  high  point  of  adaptability. 
Wire  drawing  and  lamination  were  already  old  arts,  called  forth 
in  Europe,  probably,  by  the  shirts  of  mail  of  the  two  preceding 
centuries ;  and  the  former  seems  to  have  been  adapted  to  the 
formation  of  “  pinion  wire”  at  a  very  early  period  in  Nuremberg. 

The  seventeenth  century  was  rich  in  the  improvements  of  time¬ 
measuring  instruments,  and  of  those  for  their  production.  About 
1655  the  versatile  genius  of  Dr.  Hooke  produced  the  wheel-dividing 
and  cutting  engine,  upon  principles  to  the  present  day  employed, 
and  the  same  as  those  on  which,  at  a  later  date,  Ramsden  and 
Tronghton  constructed  their  circular  dividing  engines  for  astro¬ 
nomical  purposes.  Before  the  end  of  the  century,  Facio  of  Geneva 
had  discovered  the  means  of  perforating  jewels  for  watch  move¬ 
ments,  and  brought  his  art  and  tools  to  London  in  1700. 
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Turret  clocks  were  now  multiplying  all  over  England.  The 
Whitehurst  family  of  Derby,  hereditary  clockmakers,  and  pro¬ 
ducing  more  than  one  name  distinguished  in  science,  and  Hind- 
ley  of  York,  were  well  known  to  all  the  ingenious  men  of  the 
eighteenth  century  for  the  completeness  of  their  tools,  and  for  the 
large  class  of  clockworks  they  executed. 

At  Hindley’s  death,  about  1760,  John  Smeaton  purchased  his 
wheel-cutting  engine,  an  engraving  of  which  will  be  found  in  the 
early  editions  of  Rees’  Encyclopaedia. 

Smeaton  appears  to  have  been  much  in  communication  with  the 
large  clockmakers  of  his  day,  and  was  even  consulted  by  Holmes 
as  to  the  escapement  for  the  clock  of  Greenwich  Hospital,  and  no 
doubt  derived  from  then-  tools  and  methods  many  of  the  notions 
which,  towards  the  close  of  the  century,  he  expanded  into  some  of 
the  very  first  large  tools  constructed  in  Great  Britain,  namely,  the 
gun-boring  mill  at  Carron  (1769),  and  the  special  tool  for  turning 
the  interior  of  cast-iron  hemispherical  moulds  for  casting  shot. 

The  vertical  boring  mill  for  cannon,  actuated  by  horses,  had  been 
in  use  on  the  continent  long  before  his  time,  the  point  of  the  coarse 
drill  standing  upwards,  and  the  rotating  gun  coming  down  upon  it 
by  its  own  weight;  but  the  horizontal  machines  appear  due  to 
Smeaton  at  Carron,  and  to  Desaguliers  at  Woolwich. 

Thus  the  groundwork  for  our  modern  tools  was  laid  in  model,  in 
the  workships  of  the  horologists,  designed  and  employed  chiefly  for 
working  in  brass,  &c.  ;  but  before  it  should  be  possible  that  their 
principles  could  be  expanded  into  much  larger  tools,  and  applied 
upon  a  grander  scale  and  to  other  ends,  a  new  material  was  required 
for  their  fabrication,  and  in  it,  the  demand  also  discovered  for  their 
application.  This  material  was  cast-iron.  Known  from  a  remote 
period  as  a  first  educt  from  the  molten  ore,  it  was  but  slowly  that 
its  value  as  a  constructive  material  became  recognized  ;  space, 
however,  would  fail  us  here  to  trace  in  orderly  manner  its  history. 

Its  uses  multiplied  as  the  supply  itself  increased.  At  a  very  early 
period  the  Hiittes  of  Germany  and  Fabricas  of  Italy  produced  occa¬ 
sional  rude  castings  in  mill  work,  as  Bochler  and  Ramelli  prove ; 
indeed,  quaint  round  toothed  cast-iron  wheels  of  400  years  old,  may 
still  be  found  in  Prussia.  In  England  and  in  Flanders  mill  work 
was  more  or  less  fashioned  of  cast-iron  as  early  as  1550,  though  for 
200  years  more  the  greater  part  even  of  the  “  wheel  and  trundle” 
work  was  of  wood ;  and  about  the  same  date  iron  guns  were  cast 
in  England  (Mallet  “  Construe.  Artill.,”  p.  189).  Cast-iron  water 
pipes  were  in  use  in  France  in  1672,  and  about  1680  there  appears 
to  have  been  more  or  less  cast-iron  machinery  in  the  woollen  and 
tuck  and  corn  mills,  &c.,  of  Lancashire,  Yorkshire,  and  Gloucester¬ 
shire,  though  of  a  rude  and  clumsy  character.  The  supply  of  iron 
had  been  enlarged  by  the  use  of  pitcoal ;  but  now  came  the  demand 
for  its  use  extensively  in  machinery,  and  at  the  same  time  for  its 
accurate  configuration. 

Lombe,  Wyatt,  Hargreaves,  Arkwright  (1764),  had  opened  a  new 
world  in  textile  machinery,  demanding  uniformity  and  delicacy  of 
motion  with  high  velocities  of  rotation,  which  did  not  even  reach 
their  limit  in  the  mule  and  throstle  rollers  of  Crompton  in  1777. 
Watt’s  condensing  engines  were  now  becoming  a  manufacture,  and 
the  ruder  tools  that  had  sufficed  for  such  boring  or  turning  as  were 
before  needed,  received  rapid  improvements  in  the  hands  of  Mur¬ 
doch,  Wilkinson,  and  others  of  the  Soho  school,  so  that  Mr.  Watt, 
in  a  letter  to  Smeaton  in  1776,  says,  “  Mr.  Wilkinson  has  improved 
the  art  of  boring  cylinders,  so  that  I  promise  upon  a  72  inch 
cylinder  being  not  further  distant  from  absolute  truth  than  the 
thickness  of  a  thin  sixpence  in  the  worst  part.”  John  Rennie 
— reared  in  the  craft  lore  of  the  Scottish  millwright’s  shop,  with  a 
mind  capacious  and  vast  in  mechanical  conception  ;  courageous, 
yet  exact,  in  design ;  alive  to  all  that  was  present  in  the  opening 
world  of  machinery,  and  prescient  of  its  future — revolutionized  at  one 
blow  the  olden  millwork,  and  inaugurated  in  1784,  at  the  Albion 


Cora  Mills  in  London,  the  methods  of  our  modern  heavy  gearing  and 
framing.  In  his  own  works,  and  in  rapid  succession  in  those  of  some 
others ;  the  earliest  tools  that  this  class  of  work  required  were 
produced  in  England. 

But  we  must  go  back  a  little,  in  order  fully  to  recognize  the  state 
of  knowledge  previous  to  the  advent  of  our  ifiodern  tools  in  the  pre¬ 
sent  century.  In  the  latter  end  of  the  sixteenth  and  during  the  seven¬ 
teenth  and  eighteenth  centuries,  the  lathe  had  passed  from  the  clock- 
makers’  shops,  and  with  various  modifications  and  adaptations  had 
become  employed  for  many  ornamental  and  other  purposes,  on 
metals  and  on  wood,  &c.  The  beauty  of  the  forms  producible  by 
it,  their  singular  variety,  had  also  given  rise  to  what  may  be  called 
amateur  turning,  and  this  had  produced  quite  a  literature  of  its 
own.  Ornamental  wood  turning,  was  a  rare  and  profitable  art,  at 
the  period  of  the  Reformation  in  Germany,  and  was  practised  by 
Martin  Luther  himself,  as  one  means  of  his  livelihood  after  his 
marriage,  as  we  learn  from  his  own  letters.  About  20  years  later, 
Hartmann  Schopper,  author  of  a  curious  Book  of  Trades,  published 
at  Frankfort  in  1548,  is  probably  one  of  the  very  earliest  who  treated 
of  turnery. 

Bessoni  (1582),  in  his  “  Theatrum  Instrumentorum,”  figures  seve¬ 
ral  screw-cutting  and  oblique  and  other  complex  lathes.  Solomon 
De  Caus,  in  1624,  in  the  same  work  we  have  already  referred  to 
in  the  history  of  First  Movers,  describes  screw  cutting  and  elliptic 
turning.  Pere  Plunder,  whose  L'Art  de  Tourneur,  &c.,  1701,  is  even 
yet  one  of  the  most  elaborate  works  on  ornamental  turning  extant, 
shows  how  all  the  complicated  movements  of  the  “  Rose  lathe”  are 
produced,  and  how  the  movements  of  revolution,  may  be  combined 
with  continuous  or  interrupted  straight  line  movements,  of  the  rest 
along  the  lathe  bed,  so  as  to  produce  “  straight  line  turning”  and 
all  sorts  of  reticulations,  such  as  those  upon  the  sides  of  the  handles 
of  old-fashioned  table  knives. 

De  La  Hire,  in  that  wonderful  mine  of  mechanical  ingenuity  the 
“  Machines  Approuvees  par  l’Academie,”  in  1719,  points  out  how 
all  sorts  of  polygons  may  be  turned,  and  De  la  Condamine,  in  1733, 
shows  by  what  arrangements  the  lathe  may  be  made  to  copy  irre¬ 
gular  forms  by  a  dumb  point  guiding  the  cutting  tool ;  in  fact,  gives 
the  germ,  of  the  modern  Portrait  lathe,  of  the  copying  lathe  of  Watt, 
and  of  the  sculpturing  machine  of  Cheverton.  There  are  numerous 
other  works  of  the  sort,  but  these  are  sufficient  to  show  that  before 
the  end  of  last  century  all  the  characteristic  movements  of  our 
modern  tools  had  been  evolved  more  or  less  completely. 

Plumier  describes  a  combination  of  the  slide  rest,  which  amounts 
to  the  planing  machine  (1701) ;  and  as  early  as  1751,  Forq  or 
Forque  (a  clockmaker  too)  employed  a  tolerably  large  and  com¬ 
plete  machine,  to  plane  the  edges  of  the  wrought-iron  staves,  of  which 
the  earliest  pump  barrels  of  the  “  machine  de  Marly  ”  were  made 
up.  A  rude  sort  of  planing  machine  was  probably  long  before  that 
in  use  in  Germany  for  planing  printers’  apparatus,  as  some  curious 
woodcuts  extant  seem  to  indicate. 

In  1802,  Joseph  Bramah,  one  of  the  master  geniuses  of  mechan¬ 
ics,  patented  his  “  Machinery  for  producing  straight,  parallel,  and 
smooth  surfaces  on  wood  and  other  materials."  His  specification 
describes  several  important  lathe  and  planing  machine  combinations ; 
and  although  chiefly  known  as  his  wood- planing  machine,  one  ot 
which  is  to  this  day  in  use  at  Woolwich  arsenal,  he  himself  employed 
a  machine  with  revolving  cutters  to  plane  metallic  surfaces  for  his 
patent  locks  about  the  same  period,  and  upon  a  larger  scale  about 
18-1011.  Bramah,  in  fact,  not  only  anticipated  but  carried  out  upon 
a  tolerably  large  scale,  in  his  own  works  at  Pimlico — for  the  construc¬ 
tion  of  the  patent  hydraulic  press  and  the  water  closet — a  surprisingly 
large  proportion  of  the  forerunners  of  our  modern  tools.  Of  this  the 
writer  possesses  proofs,  in  several  unpublished  letters  between  Mr. 
Bramah  and  his  own  maternal  grandfather,  who  were  in  early  life 
fellow-workmen  togetherin  London,  and  afterwards  connected  in  busi- 
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ness,  and  the  latter  of  whom  went  to  Ireland  at  the  close  of  the  last 
century  for  the  purpose  of  promoting  those  patents  in  which  they  had 
a  joint  interest.  The  elder  Mr.  Maudslay  was,  at  an  early  period  of 
his  life,  also  co-operative  with  Bramah.  On  leaving  him,  he  com¬ 
menced  business  as  a  lathe  and  tool  manufacturer  in  Margaret  Street, 
Cavendish  Square,  and  thence  passed  to  Lambeth,  where  he  founded 
the  well-known  existing  firm.  The  writer  recollects  having  seen 
in  use,  when  a  lad,  in  the  works  at  Lambeth,  planing  machines  for 
metals  of  the  old  Bramah  type  with  revolving  cutters.  To  Bramah 
and  Maudslay,  just  at  the  commencement  of  this  century,  very  much 
of  the  early  development  of  modern  tools  is  due.  Some  of  the  tools 
that  have  most  pretensions  to  novelty,  even  at  the  Exhibition  of  to¬ 
day,  have  prototypes  of  about  this  date.  Thus  Bergeron’s  Machine 
a  canneler  (Manuel  du  Tourneur,  1816),  intended  for  fluting  columns, 
is,  in  fact,  the  slot-drilling  machine  of  to-day ;  and  Bergeron’s 
identical  arrangement  was,  to  the  writer’s  knowledge,  employed  in 
London  about  twelve  years  ago  for  fluting  the  columns  of  Mr. 
Vignolles’  model  of  the  Suspension  Bridge  of  Pesth. 

The  earliest  straight  line  planing  machines  for  metals  appear  to 
have  been  made  in  England  about  1819  by  Clement,  whose  name  is 
connected  with  Mr.  Babbage’s  calculating  machine,  and,  a  year  or  so 
after,  by  Fox  of  Derby.  Both  of  these  were  called  forth  for  special 
objects,  related  to  lace  and  to  weaving  machinery.  About  1828 
Messrs.  Fairbairn  &  Lillie,  upon  the  occasion  of  a  turn-out  of  their 
millwrights  (who  at  that  time  were  quite  a  craft  guild,  and  the  only 
men  supposed  capable  of  keying  a  wheel  upon  a  shaft),  constructed 
probably  the  first  slotting  machine,  and  which  the  writer,  then  a  lad, 
remembers  seeing  at  work  soon  after.  It  was,  in  fact,  a  com¬ 
bination  of  slotting  and  planing  machine,  and,  we  believe,  is  still  in 
existence. 

We  have  thus  shown  the  different  streams  of  human  advancement 
through  which  the  elements  of  our  tools  have  come,  and  that  from 
the  stirps  et  origo  of  the  potter’s  wheel,  gem  cutting,  intaglio 
engraving,  clockmaking,  and  the  inherent  beauty  of  ornamental 
turned  work  in  the  hands  of  leisurely  men,  slowly  accumulated  the 
combinations  that  have  been  developed  into  our  modern  tools. 

But  now  the  fullness  of  time  in  this  chapter  of  progress  was  come. 
The  sullen  sun  that  set  upon  the  18th  June,  1815,  at  Waterloo,  rose 
again  upon  Europe  freed  from  military  tyranny — upon  a  world  open 
to  the  pent-up  skill  and  enterprise  of  England.  After  three  or  four 
years  of  suffering  in  the  change  from  war  to  peace,  every  branch  of 
manufacturing  industry  began  to  show  amazing  advancement — none 
probably  mere  than  textile  manufactures.  Steam  -  power  was 
demanded  in  all  directions,  and  upon  a  scale  still  enlarging  at  every 
point;  steam  navigation  was  at  its  dawn — gas  lighting  no  longer  a 
mere  project. 

Castings  in  iron  in  complex  forms,  of  large  magnitude,  of  metal 
of  assured  quality,  had  become  common.  Bar-iron  was  no  longer 
confined  to  irregular  flat  or  square  bars  formed  by  the  tilt  hammer, 
but  rolled  in  cylindrical  bars,  requiring  nothing  to  make  them  into 
the  best  of  shafting,  but  slide  turning  and  couplings. 

Thus  on  all  sides  were  the  materials  for  “  the  iron  age  ”  abundant 
— the  demand  for  machinery  great.  Tools  alone  were  wanting  to 
convert  the  one  into  the  other,  and  these  were  rapidly  devised  and 
accumulated.  First  of  all,  they  were  made  in  the  shops  where  they 
were  required ;  then  made  and  sold,  by  the  Foxes,  the  Sharpes  and 
Roberts,  and  the  other  earliest  founders  of  the  toolmakers’  trade. 
Every  accession  of  mechanical  power  involved  as  its  consequence  a 
still  larger  demand  for  machinery,  and  so  for  the  tools  for  making  it. 
The  cotton  machine  maker,  as  he  extended,  gave  growth  to  the  engine 
maker,  whose  power  was  to  whirl  his  spindles;  the  engine  maker 
called  upon  the  iron  maker,  the  latter  upon  the  coal  pit,  and  all  upon 
the  smelting  house  and  the  mine,  and  each,  in  turn,  back  upon  the 
other.  Steam  locomotion  by  sea,  and  then  by  land,  were  superadded 
as  the  needful  corollary  to  all,  and  at  last  the  changes  in  our  navi¬ 


gation  laws  and  free  trade,  opened  the  Continent  and  the  world,  to 
our  productive  machines,  and  to  the  tools  that  produce  them.  The 
results  have  been  the  diffusion  of  our  tools  and  methods  everywhere, 
and  the  establishment  abroad,  in  Europe  and  America,  of  vast  fields 
of  manufacturing  production,  and  of  those  organons  of  machine 
creation — tool  manufactories,  rivalling  our  own  in  every  respect. 

In  this  race  everything  too  has  grown  colossal.  To  say  nothing 
of  tools  created  for  the  specialties  of  great,  classes  of  work,  and 
referring  to  size  only,  we  have  now,  lathes  that  will  turn  with  ease 
masses  of  50  tons  in  weight,  or  as  many  feet  in  length ;  face  plates 
that  will  receive  a  wheel  or  a  cylinder  cover,  of  20  feet  diameter  ; 
planing  machines  that  will  bring  to  truth  and  flatness  surfaces  of 
30  or  40  feet  by  10  or  12,  and  take  in  solids  as  many  feet  in  depth ; 
boring  machines  that  will  scoop  out  cylinders  of  more  than  12  feet 
diameter ;  slotting  machines  that  will  gradually  chop  asunder  a  block 
of  steel  of  a  yard  thick ;  shears  that  will  bite  through  a  bar  of 
forged  iron  a  foot  wide,  and  four  inches  thick ;  and  hammers  of  20 
tons  and  upwards,  falling  10  or  12  feet,  and  whose  blow  is  felt  at  a 
distance  as  that  of  an  earthquake. 

So  far  we  have  mainly  referred  to  tools  applicable  to  working  in 
metals:  wood-cutting  tools  have  a  somewhat  different  history,  and  a 
less  ancient  ancestry. 

Up  to  the  latter  part  of  the  last  century  wood-working  tools  were 
almost  confined  to  the  hand  instruments  of  the  joiner  or  carpenter, 
aided  by  the  common  dead  centre  lathe,  and  the  veneer  and  Buhl 
cutting  saws,  with  a  few  other  such  tools  for  the  specialties  of  the 
cabinetmaker,  &c.  Reciprocating  saw  blades  had  been  driven  by 
water-power  or  by  wind,  for  a  long  time  in  Norway,  Germany,  Hol¬ 
land,  and  Switzerland,  usually  a  single  blade,  attached  directly  to  a 
crank,  on  the  fast-running  impulse-driven  water  wheel  spindle  ;  and 
wooden  water  pipes,  with  common  domestic  pumps,  were  bored  out 
by  a  shell  auger  driven  by  power,  and  advanced  against  the  fixed 
trunk,  usually  of  fir  or  elm.  Beyond  these  there  were  few  or  no 
wood-working  tools.  Every  timber  of  the  English  navy  was  con¬ 
verted  and  moulded  by  hand ;  and  the  ship  carpenter  was  wont  to 
show  his  adroitness  with  the  adze — the  great  tool  that  did  all  this — by 
splitting  a  halfpenny  held  beneath  his  shoe  toe,  by  the  unerring  blow 
of  his  favourite  instrument.  Sir  Samuel  Bentham,  in  April,  1793, 
patented  machinery  for  wood-cutting  applicable  to  shipbuilding  and 
other  purposes,  in  which  it  is  obvious,  that  that  fervid  and  all- 
embracing  mind,  foresaw  in  result,  almost  everything  that  has  been 
since  achieved  in  this  direction.  Smart  very  soon  after  brought  the 
circular  saw,  and  his  lathe  for  turning  cylindrical  poles,  into  exten¬ 
sive  use,  for  tent  poles  and  picket  stakes.  Bramah,  always  ev 
rroo/u,a^oiffi,  about  the  beginning  of  this  century,  made,  as  I  have 
reason  to  believe,  a  train  of  wood-working  machinery,  to  produce 
hemispherical  wooden  bowls  (for  domestic  use)  cut  out  from  within 
each  other,  from  single  blocks  of  sycamore  and  limetree ;  and  very 
soon  after,  Brunei  perfected  and  constructed  at  Portsmouth,  the 
block  machinery  which  inaugurated  that  full  development  that  wood¬ 
cutting  tools  have  since  received. 

The  first  great  extensions  of  such  tools  to  the  general  purposes  of 
joinery,  were  made  in  the  United  States,  and  several  of  the  earliest 
employed  tools  in  this  country  were  imported  thence.  About  twenty 
years  since,  and  even  in  1851,  the  use  of  wood-cutting  tools  was 
but  little  understood  or  developed  in  England,  and  the  first  great 
impulses  given  to  their  diffusion  since  then,  were  due  to  their  em¬ 
ployment  in  London,  for  the  mechanical  moulding  and  carving  of  the 
oak  joinery  of  the  Houses  of  Parliament  at  Westminster,  under  the 
direction  of  the  late  Sir  Charles  Barry,  architect ;  and  for  cutting  and 
forming  the  Paxton  gutters  and  other  parts  of  the  Exhibition  build¬ 
ing  of  1851.  At  the  present  hour  their  use  is  rapidly  and  widely 
extending  in  this  country  and  on  the  Continent.  Already  establish¬ 
ments  exist,  in  which  almost  every  part  of  the  joinery  of  domestic 
architecture  is  completed  without  hand  labour,  and  in  goodness  equal 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  18G2. 


295 


to  that  of  the  best  hand  workmanship,  and  with  immense  saving  of 
time  and  cost ;  while  in  the  United  States,  the  commoner  classes  of 
furniture  are  manufactured  by  special  machinery,  upon  a  scale  so 
vast,  and  at  prices  so  small,  as  to  appear  almost  fabulous. 

Wood-working  tools,  owing  to  the  molecular  conditions  of  the 
material,  all  possess  in  common,  some  radical  peculiarities  which  dis¬ 
tinguish  them  from  those  operative  on  metals  or  other  substances. 
They  all,  or  with  rare  exceptions,  resolve  themselves  ultimately  into, 
instruments  of  rupture,  or  of  section  by  percussion.  Saws  of  all 
forms,  are  but  instruments  of  rupture,  limited  to  a  small  surface  and 
a  determinate  direction  ;  while  all  the  forms  of  mortising,  grooving, 
moulding,  planing,  &c.,  are  cases  of  section  by  chisels  driven  by  im¬ 
pulse,  or  of  removal  of  material,  in  determinate  depth,  by  revolving 
cutters,  which  are,  in  fact,  mechanical  adzes. 

We  proceed  now  to  describe  some  of  the  tools  of  the 
great  collections  exhibited,  and  first  those  of  class  1st — 

TOOLS  FOR  WORKING  METALS,  and  of  the  group,  TOOLS  OF 
SECTION. 

We  shall  take  the  tools  of  each  group  as  nearly  as  may 
be,  in  the  alphabetical  order  of  the  exhibitors. 

Beyer,  Peacock,  &  Company  (1557),  Manchester,  exhibit, 
for  turning  railway  wheels  and  axles,  a  double  faceplate 
heavy  lathe  to  take  in  objycts  of  seven  feet  diameter.  The 
lathe  is  complete  with  apparatus  to  turn  two  wheels  of  that 
diameter  upon  a  cranked  or  other  axle  at  once,  and  free 
from  axle  torsion.  The  face  plates  are  quite  independent, 
and  may  be  simultaneously  used  for  different  purposes,  and 
both  have  quick  speeds  for  work  of  small  radius.  This  is 
a  very  first-rate  and  most  excellent  tool  in  all  respects. 

It  weighs  no  less  than  twenty-eight  tons. 

The  same  firm  also  exhibits,  placed  upon  a  long  rectangular 
flat  bed,  a  three  headed  vertical  shifting  drilling  machine,  for 
boarring  parallel  holes  simultaneously  in  various  parts  of  any 
one  (or  more  pieces)  such  as  engine  beam.  It  is  self-acting 
in  every  respect,  except  the  shifting  of  the  heads,  for  which 
there  are  rack  motions  by  hand.  Its  weight  is  thirteen 
tons,  and  though  arranged  for  special  and  hence  limited  use, 
is  a  well  designed  and  executed  tool. 

Buckton  &  Company  (1563),  Leeds,  show 
some  very  well  executed  tools.  Crawhall  & 

Campbell  (1581),  Glasgow,  produce  a  rather 
large  horizontal  boring  bar  cylinder,  upon  a 
strong  adjustable  bed,  and  adjustable  in  height 
—we  believe  the  only  tool  of  the  sort  exhibited. 

It  does  not  present  any  novel  advantages. 

Amongst  the  amateur  turning  apparatus, — 
which  space  forbids  us  to  notice  at  any  length, 
we  may  remark, — the  lathes,  apparatus,  and 
ornamental  work,  exhibited  by  Evans  &  Son 
(1593),  London.  Holtzapffel  &Co.  (1621),  Lon¬ 
don,  and  Kenuan  &  Sons  (1639),  Dublin  ;  the  last  producing  portrait 
and  relief  sculpturing  lathe  apparatus,  and  all  of  them,  superior  work. 

Messrs.  Peter  Fairbairn  &  Company  (1594),  Leeds,  exhibit  in  mag¬ 
nitude  aud  number  a  truly  magnificent  display  of  tools.  Amongst 
these  is  a  21  inch  break  lathe,  which  takes  in  17  feet  in  length,  and 
7  feet  diameter  on  the  face  plate.  The  bed  is  double ;  the  upper 
moving  upon  the  under  one,  so  as  to  come  up  close  to  the  face 
plate — a  very  well  executed  tool,  with  great  adaptability,  and 
generally  well  designed  and  proportioned.  The  neck  of  the  spindle, 
however,  appears  rather  meagre  at  7  inches  diameter. 

A  large  planing  machine  to  plane  work  6  feet  deep  and  wide,  by 
20  feet  length  of  cut,  with  three  tool-holders,  one  moving  along  a 
vertical  slide,  and  all  self-acting,  with  fast  return  motion,  deserves 
attention,  as  does  the  heavy  shaping  machine  2  feet  stroke  and 
10  foot  bed,  self-acting  in  all  its  motions;  it  is  very  strong,  and 


generally  similar  to  those  machines  as  made  by  Whitworth.  A 
large  slotting  machine,  the  bed  and  upright  cast  together ;  it  is 
creditably  arranged.  Many  of  the  smaller  tools  we  must  pass  over. 
A  large  vertical  drilling  machine  with  table,  swinging  radially  and 
elevating  by  a  rack ;  though  in  most  respects  a  fine  example,  has 
some  real  malproportion  about  the  friction  roller,  at  the  base  of 
the  central  pillar. 

Excellent  and  highly  adaptable  tools,  however,  are  the  self-acting 
radial  drill  of  2}  spindle.  Fig.  360,  which  represents  a  perspective 
elevation  of  the  tool,  the  radial  arm  passing  through  320°,  and  another, 
Fig.  361,  in  which  the  tool  is  shown  in  perspective  elevation,  the 
lower  part  of  the  block  table  being  broken  away  ;  its  arrangement, 
however,  is  sufficiently  shown  in  the  remaining  parts.  This  tool  is 
somewhat  differently  constructed,  with  If  inch  spindle,  placed  above 

Fig.  360. 


the  rectangular  block  table,  offering  great  facilities  in  the  boring  of, 
framing,  engine  work,  &c. 

Amongst  the  remaining  tools  of  this  firm,  one  of  the  most  remark¬ 
able  for  severity  of  style  and  convenient  adaptability  in  its  details, 
is  the  three  inch  stroke,  single  speed,  self-acting  slotting  machine 
(Fig.  362).  All  the  tools  of  Messrs.  Fairbairn  &  Company  are 
well  executed,  and  show  an  unsparing  weight  of  material.  They  do 
not  present  any  characteristics  of  striking  novelty. 

Fox  Brothers  (1599),  Derby,  the  successors  of  the  venerable  early 
constructor  of  the  planing  machine,  exhibit  a  slide  and  screw-cutting 
lathe,  a  vertical  drill,  and  a  planing  machine,  in  which  the  patro¬ 
nymic  type  is  still  traceable. 

Greenwood  &  Batley  (1610),  Leeds,  produce  a  great  variety  of 
machinery  for  curious  and  special  uses.  Amongst  those  referable 
to  working  in  metals,  is  a  testing  machine,  for  the  ultimate  strength 


P,  Fairbairu’s  Self-acting  Radial  Drill  2*  inch  Spindle. 
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of  piano  or  other  wires.  This  does  not  indicate  the  amount  of 
elongation,  a  very  large  and  well  executed  machine  for  testing 
metals — upon  the  same  general  plan  as  the  American  one  at  Wool¬ 
wich  arsenal,  also  by  this  firm,  but  exhibited  in  the  Sheffield  court 
— is  arranged  to  do  so  with  exactness. 

There  is  also  shown  by  this  firm  Bernot’s  patent  file-cutting 
machine  (Fig.  263).  This  machine  is  made  to  cut  files  from  12  to 
18  inches  long,  and  is  fitted  with  apparatus  to  cut,  hand,  square, 
flat,  half-round,  round,  equalling,  and  every  other  description  of  file 
in  ordinary  use,  and  of  any  degree  of  fineness,  at  an  average  speed 
800  to  1000  strokes  per  minute. 

A  boot-pegging  machine  is  also  shown,  but  scarcely  comes  within 
our  category,  and  also  a  rifling  machine  for  small  arms. 

Hetherington  &  Sons  (1618),  Manchester,  show  some  very  good 
tools  in  slide  and  screw-cutting  lathes,  vertical  drills,  screwing  tackle, 
&c.,  the  most  important  object  being  a  slotting  machine  of  24  inch 
stroke. 

Hulse,  J.  S.  (1625),  Manchester,  an  offshoot  from  the  establish¬ 
ment  of  Mr.  Whitworth,  exhibits  a  selection  of  cutting  tools  of  various 
kinds,  which  are  generally,  iu  design  and  execution,  fair  representa¬ 
tives  of  the  school  they  spring  from. 

Kendall  &  Gent  (1638),  Manchester,  produce  their  well-known 
and  effective  tool  for  cutting  tubes  for  boiler  or  gas  work,  &c.,  figures 
of  which  head  all  their  advertisements. 

Maclea  &  Marsh  (1651),  Leeds,  have  scarcely  maintained  by 
the  tools  they  have  exhibited,  the  deserved  reputation  they  acquired 
in  former  years  for  good  and  yet  moderate-priced  work. 

Muir  &  Co.  (1668),  Manchester,  exhibit  a  large  and  important 
display  of  very  varied  tools,  including  taps,  dies,  and  other  hand 
tools. 

A  large  radial  drill  did  not  appear  to  us  in  design  or  proportion 
equal  to  its  execution.  Their  12  inch  screw-cutting  lathe  is  pro 
vided  with  a  very  good  motion  for  withdrawing  the  tool.  A  small 
planing  machine  is  reciprocated  by  a  pair  of  elliptic  spur  wheels, 
to  obtain  quick  return,  as  in  Shanks’s. 

No  more  meritorious  machines  are  shown  by  these  exhibitors  than 
the  universal  shaping  machine  (Fig.  364),  with  stroke  variable  up 
to  six  inches,  taking  in  an  object  twenty-four  inches  long  by  six 
inches,  cutting  round  work,  up  to  12 
inches  diameter,  and  hollow  ditto  to 
the  same,  and  whose  movements  can 
be  changed  without  shifting  the  work: 
and  the  6  inch  stroke,  slotting,  and 
key-grooving  machines  (Fig.  365),  to 
take  in  3  feet  diameter.  In  the 
necks  of  the  frame,  of  the  latter  (the 
point  where  most  makers  go  astray), 
there  is  some  want  of  proportioning 
of  the  point  of  greatest  strength  to 
that  of  greatest  strain  ;  but  the  tool 
is  useful  in  arrangement,  and  in  work 
manship  very  good. 

Fig.  366  represents  a  perspective  elevation  of  one  of  the  larger 
class  of  planing  machines  by  the  same  makers.  This  machine  is 
arranged  on  a  heavy  rectangular  bed ;  it  is  fitted  with  two  tool- 
holders,  and  has  all  the  latest  improvements  in  its  constructive  details. 

Preston’s  patent  file-cutting  machines  are  also  exhibited  by  the 
File  Manufacturing  Company  (1681)  of  Manchester.  File-cutting 
by  machinery  was  deemed  about  a  quarter  century  since,  after  many 
trials,  a  mechanical  impossibility,  though  it  was  commonly  reputed 
even  then  that  M.  Raoul’s  beautiful  files  for  clock  and  watchmakers 
were  not  hand  cut,  from  the  exquisite  uniformity  even  of  those  of 
almost  microscopic  fineness.  In  1851  but  one  filecutting  machine 
was  produced — that  of  Mentchinsky  in  Russia.  The  problem  seems 
now  practically  solved,  and  is  one  advance  realized  within  the  decade. 


Shanks  &  Co.  (1701),  London,  exhibit  some  of  the  most  originally 
designed  tools  in  the  building.  Two  of  these  are  drilling  machines. 
That  shown  in  Fig.  367,  is  intended  for  drilling  holes,  in  tube  plates, 
surface  condensors,  &c.,  or  rivet  holes  for  plate  iron  bridge  work, 
&c.  In  this  machine,  163  drills  are  worked  simultaneously.  Each 
drill  is  fitted  into  a  drill  stock  revolving  vertically,  and  cranked  at 
the  upper  end;  and  all  these  small  cranks  take  into  holes  provided  in 
the  large  crank  plate  common  to  them  all,  which  is  caused  to  gyrate 
horizontally  by  one  main  crank  at  its  centre,  having  a  throw  equal 
to  those  of  the  separate  drill  stocks.  The  boring  table  beneath 
advances  the  work  up  to  the  drills,  by  its  standing  upon  a  central 
spindle,  which  is  the  plunger  of  an  hydraulic  press.  The  drill  stock 
bearings  are  removable,  so  as  to  permit  the  introduction  of  others 


with  changed  distribution  of  the  drills.  This  is  a  cheap  and  effective 
tool — much  cheaper  than  others  which  we  have  seen,  such  as  those 
employed  by  Messrs.  Cochrane  &  Company  for  the  Charing  Cross 
Bridge  plating,  for  example,  and  seems  amenable  to  no  more  serious 
objection  than  that  the  dust  of  the  shop  will  require  to  be  kept 
carefully  cleansed,  from  the  rapidly  rotating  and  intricately  placed 
drill  bearings.  We  don’t  view  this,  however,  as  any  serious  evil.  Fig. 
368  shows  a  tube  plate  as  bored  by  this  machine.  Fig.  369  shows 
an  exceedingly  elegant  little  tool,  which  keeps  four  drills  of  diffe¬ 
rent  diameters  all  ready  for  work  at  instant  notice.  Each  drill  is 
properly  speeded  by  its  own  pulley  from  the  central  driver — the 
gear  contact  being  an  adaptation  of  Robertson’s  patent  wedge  and 
groove  friction  gearing. 
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The  top  driver  is  placed  slightly  eccentric  to  the  frame  that  carries 
the  four  drill  spindles,  and  is  so  placed,  that  whichever  of  these  is 
at  the  moment  over  the  drilling  table,  is  then  in  hold  with  the  driver, 
and  the  three  others  are  free.  A  screw  catch  keeps  the  position  fixed, 
when  any  one  drill  has  been  put  into  work.  The  drilling  table, 
has  a  large  vertical  adjustment,  and  a  fine  progressive  one.  This 
tool  deserves  much  praise. 

Fig.  370  shows  Shanks’  patent  double-acting  mortice  and 
groove  drilling  machine,  for  forming  slots  or  mortices  for  gibs  and 
cotters,  &c.  The  piece  to  be  operated  on  is  fixed  between  centers, 
and  drilled  from  both  sides  simultaneously.  The  speed  pulleys 
shown  in  the  figure  are  driven  from  overhead  pulleys,  as  is  also  that 
by  which  the  reciprocation  of  the  whole  table  which  carries  the  drill 
spindles  is  effected.  This  is  done  by  elliptic  gearing — the  elliptic 
wheels  having  this  peculiarity,  that  they  are  centered,  not  upon  their 
alternate  foci,  as  usual  in  this  form  of  gearing,  but  upon  their  centers 
of  figure,  and  a  peculiar  cam  arrangement  is  ingeniously  adapted,  to 
keep  the  wheels  from  dropping  out  of  gear  with 
each  other,  at  those  periods  of  the  revolution 
when  the  conjugate  axes  are  in  positions  diagonal 
to  the  line  joining  the  centers  of  rotation.  The 
drill  mandrils  having  conical  bearings,  can  at 
time  be  adjusted  to  the  proper  amount,  to 
make  a  smooth  cut  by  drilling  from  both  sides 
simultaneously.  The  drills  need  never  be  further 
projected  than  is  necessary  for  the  half  depth  of 
the  mortise,  thus  insuring  the  greatest  amount  of 
stiffness  to  the  drills.  The  feed  motion,  by  em¬ 
ploying  elliptical  gearing,  travels  over  the  same 
length  of  mortise  in  one-half  the  time  of  an  ordi¬ 
nary  crank  movement ;  the  drills  clear  themselves 
in  their  horizontal  position  much  better  than  if 
they  were  placed  vertically  above  the  hole ;  the 
drills  can  be  ground  on  the  ordinary  grindstone. 

These  machines  are  completely  self-acting,  and  stop  spontaneously 
when  the  mortise  is  finished  or  the  groove  cut,  to  the  predetermined 
depth. 

Fig.  371  shows  the  large  screwing  machine  of  these  exhibitors. 
The  spindle  is  hollow,  and  will  hence  permit  any  length  of  bolt  to 
be  passed  through  it.  The  face  plate  carrying  round  the  pair  of 
horns  with  it,  causes  the  bolt  gripped  in  the  cross  clams  in  front,  to 
rotate,  the  dies  remaining  at  rest.  When  the  length  required  is 
tapped,  the  dies  are  opened,  the  bolt  released,  and  an  end  on  move¬ 
ment,  frees  the  latter  ready  for  removal.  Each  bolt  is  entirely 
finished  by  once  passing  through  the  dies.  In  the  two-inch  dies 
there  are  four  cutting  faces,  each  having  six  cutting  points,  so  making 
twenty-four  cuts  at  a  time,  finishing  the  full  thread  at  once.  As  the 
dies  do  not  revolve,  the  oil  is  poured  over  the  whole  of  the  twenty-four 
cutting  points,  keeping  the  dies  cool.  The  oil  cans  reverse  when 
alternately  empty.  The  bolt  itself  revolving,  while  the  screw  is  made, 
the  inventors’  say,  insures  a  truer  thread  than  when  it  is  stationary. 
The  dies  being  screwed  up  till  they  touch  each  other,  a  perfectly 
uniform  diameter  is  insured  at  all  times. 

Sharp,  Stewart,  &  Company  (1703),  Manchester,  exhibit  a  large 
and  excellent  collection  of  tools.  Amongst  the  largest  and  most 
important  in  this  group,  is  a  self-acting  slotting  machine,  with  a 
stroke  of  9  inches,  with  cast  hollow  framing,  and  self-acting  in  all  its 
motions.  A  double  6J  foot  faceplate,  wheel,  and  generally  applicable 
lathe,  with  four  double  swivel  compound  slide  rests,  and  self-acting 
longitudinal  and  transverse  motions.  Several  radial  and  other  drill¬ 
ing  machines  (one  of  which  seemed  rather  deficient  in  power  to 
elevate  the  table)  ;  and  we  may  just  notice  in  passing,  though  not 
belonging  properly  here,  Wield’s  patent  painting  machine,  for  all  long 
straight  work,  whether  in  wood  or  metal.  Their  Giffard’s  injectors 
have  been  noticed  in  the  article  “  First  Movers.” 


Fig.  372  illustrates  an  extremely  well-designed  vertical 
self-acting  drill,  for  holes  up  to  4  inches  diameter  by  12  inches 

HOdf  ill  Fie-  362. 


rbairn’s  Three-inch  Stroke,  Single-speed,  Self-acting  Slotting  Machine. 

deep.  The  long  spindle  bearing,  and  general  proportions  are 
very  good. 

Fig.  363. 


Bernot’s  Patent  File-cutting  Machine. 

Fig.  373  is  a  strong  and  compact  form  of  self-acting  shaping 
machine  for  plane  and  circular  work,  with  a  greatest  stroke  of  6 
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inches.  There  is  one  fault  commouto  this,  and  the  analogous  tools, 
of  a  great  number  of  makers — viz.,  the  formation  of  the  connecting- 
rods  of  these  quick  beating  tools  with  merely  case  hardened  or  steel 
eyes,  in  place  of  replaceable  bearings  admitting  of  adjustment,  to  meet 
the  rapid  wear  that  always  takes  place,  in  machinery  where  contact 
pieces  work  rapidly  in  opposite  directions,  and  with  that  combination 


Fig.  364. 


of  wipe  and  blow,  which  produces  the  most  rapid  abrasive  wear  than 
almost  any  other. 

In  Fig.  374  is  shown  one  of  the  patent  self-acting  slot  drilling 
machines  of  this  firm,  of  a  Targe  size,  and  suitable  for  heavy  marine 
engine  or  like  work.  Their  .tools  of  this  class  are  well  devised  for 
the  rapid  handling  of  heavy  masses,  with  freedom  from  risk  to  the 
tool — a  matter  often  lost  sight  of  by  tool  makers  accustomed  chiefly 
to  light  work.  Some  of  the  unbnshed  bearings  of  cast-iron,  here  also, 
however,  seem  to  us  liable  to  objection. 


In  Fig.  375  is  exhibited  one  of  Sellar’s  patent  bolt  and  nut  screw¬ 
ing  machines.  These  capital  tools  are  shown  in  several  sizes,  the 
largest  being  capable  of  screwing,  at  once  going  through  the  dies,  a 
2  inch  diameter  bolt.  The  object  of  these  machines,  as  in  that  of 
Shanks’,  is  to  complete  the  bolt  at  a  single  operation,  and  with  the 
exactness  as  to  diameter  (and  pitch  in  long  bolts)  produced  by 


Fig.  365. 


Muir’s  Slotting  Machine. 


cutting  down  to  the  full  depth  at  once,  so  avoiding  repetitive  side 
action  on  partially  cut  down  threads.  The  three  cutting  dies,  by  a 
peculiar  eccentric  movement  in  the  revolving  head,  are  held  asunder, 
so  long  as  the  operator  presses  upon  the  lever  at  his  left  band  ;  he 
does  so  until,  with  his  right  hand  acting  upon  the  diagonal  handle 
(which  forms  part  of  a  simple  and  elegant  adaptation  of  the  lever 
of  Lagarousse),  he  has  introduced  the  point  of  the  cylindrical  bolt 
within  the  jaws  ;  on  now  releasing  the  lever,  the  cutters  instantly 
close  up,  and  grip,  with  a  firm  abutment  behind  them  the  bolt,  and 
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at  once  bite  into  it,  to  the  full  depth.  When  screwed  to  the  required 
length,  the  cutting  dies,  as  before,  release  the  screwed  bolt,  and  the 
diagonal  lever  handle  withdraws  it.  The  hand  wheel  with  the  screw 
on  top,  secures  or  finally  releases  the  bolt  from  the  machine.  These 
tools  are  stated  by  the  maker,  to  produce  thrice  the  amount  of  work 
in  given  time,  of  the  usual  ones,  and  of  an  exactness  that  in  many 
cases  admits  of  dispensing  with  the  screw-cutting  lathe.  They  are 
certainly  the  best  screwing  tackle  exhibited;  their  price  at  pre¬ 
sent,  however,  is  high. 

Smith  &  Coventry  (1712),  Manchester,  produce  a  radial  drill, 
improved  screw  cutting  lathe,  and  other  tools  of  a  very  respectable 
mark. 

Smith,  Beacock,  &  Tannett  (1715),  Leeds.  Many  tools  of  great 
excellence ;  amongst  these  is  the  rifling  machine  for  cannon, 
of  which  they  have  made  great  numbers,  now  at  work  on  the 
Armstrong  guns  at  Woolwich.  This  machine  has  been  constructed 
from  the  designs  of  Mr.  John  Anderson,  C.E.,  superintendent  of 
the  royal  gun  factories,  and  drawings  have  been  placed  at  our  dis¬ 
posal  by  that  gentleman  which  will  enable  us  to  give  complete 
plates  of  this  important  machine,  with  our  article  on  “^Artillery.” 

A  12  inch,  dead  centre,  double  ended,  lathe,  on  an  18  feet  bed, 
specially  for  turning  buffer  heads,  and  to  take  two  heads  at  once,  and 
be  attended  by  one  man,  is  very  well  devised  ;  there  are  not  only 
slide  and  surface  motions,  but  template  movements  to  each,  to 
develop  the  curved  and  circular  forms  of  the  buffer  head— all  self¬ 
acting. 

A  large  slotting  machine,  with  20  inch  stroke,  and  capable 
of  grooving  the  boss  of  a  railway  wheel,  of  7  feet  diameter,  upon 
a  table  with  horizontal,  orthogonal,  and  circular  motions,  all 
self-acting,  is,  we  feel  disposed  to  say,  the  best  tool  of  the  kind 
exhibited. 

We  should  like  to  have  seen  this,  and  many  of  the  other 
tools  upon  which  we  ourselves,  as  one  of  the  jurors  of  Class  7, 
had  to  pass  judgment,  submitted  to  the  actual  test  of  hard 
work.  We  do  not  mean  to  convey  any 
suspicion  that  our  own  opinion  above 
might  thus  have  been  modified;  but 
we  are  satisfied  that  many  a  bright- 
looking,  and  to  the  best  examination 
that  eyesight  and  hand-moving  could 
give,  excellent  tool,  in  the  Exhibition, 
would  have  done  so;  and,  indeed,  we 
affirm  this,  that  calling  upon  juries  to 
make  awards  upon  machinery  which 
they  are  not  put  in  a  position  to  test  in 
any  way,  is  calling  upon  them,  to  pro¬ 
bably  do  very  great  injustice,  and  in 
any  case  to  deliver  judgment  upon 
evidence  so  insufficient,  as  to  be  un¬ 
worthy  of  the  grave  responsibilities 
thrown  upon  them  by  the  commis¬ 
sioners. 

Another  special  machine  of  this  firm 
is  their  connecting-rod  slotting  machine.  This  is  a  shaping  and 
finishing  machine  that  will  complete  to  any  given  templated  form, 
the  sides  and  edges  of  locomotive  or  other  connecting  rods,  or 
other  analogous  forms.  A  shaping  machine,  with  three  heads  upon 
one  continuous  bed,  struck  us  as  rather  a  complication  than  an 
improvement  on  pre-existent  combinations. 

An  8J  inch  lathe  for  curvilinear  sliding  solids  of  revolution, 
such  as  round  swelled  connecting  rods,  the  slide  rest,  guided  by  a 
template  of  the  required  curve  parallel  with  the  bed,  is  a  very  nice 
tool,  and  the  arrangement  for  releasing  the  tool  and  template,  &c., 
good. 

The  last  we  can  notice  of  this  firm  in  the  group  of  cutting  tools, 


is  one  which  forms  the  supplement  to  the  slot  drilling  machines  now 
becoming  so  much  employed.  These  naturally  leave  the  ends  of 
gib  and  cotter  holes  semicylindrical,  the  proper  and  strongest  shape, 
for  reasons  which  we  cannot  here  enlarge  upon.  The  backs  of  gibs 
and  cotters,  therefore,  now  require  to  be  rounded  to  semicylinders, 
equal  in  diameter  to  their  thickness.  This  has  very  commonly  been 
done  by  swaging  in  the  smithy,  and  finishing  by  the  file  by  hand. 
A  7  inch  self-acting  slide,  surface  and  screw  cutting  lathe,  has  been 
made  a  special  tool  for  this  use,  by  the  adaptation  of  an  alternating 
motion  to  the  face  plate  of  the  lathe,  and  an  independent  self-acting 
motion  driven  in  connection  with  it,  to  work  the  longitudinal  traverse, 
so  that  the  object  gyrates  through  such  part  of  a  circle,  forward  and 

Fig.  366. 


Muir’s  Planing  Machine. 

back  over  the  tool’s  point,  leaving  the  flat  planed  part  of  the  cotter 
or  gib  untouched.  This  tool  will  find  many  other  special  uses,  and 
will  in  many  cases  give  the  means  of  employing  forms,  especially  for 
valve  and  other  engine  work,  of  great  utility,  but  not  now  available 
without  costly  and  inaccurate  hand  work. 

Thwaites  &  Carbutt  (1728),  Bradford,  have  some  respectable 
cutting  tools,  but  are  chiefly  remarkable  in  respect  of  their  ham¬ 
mers,  of  the  group  of  tools  of  contusion,  yet  to  be  described. 

J.  Whitworth  &  Company  (1742),  Manchester.  In  connection 
with  this  long  and  well  known  and  justly  honoured  name,  we  have 
one  of  the  largest,  if  not  the  very  largest,  collection  produced  by 
any  one  exhibitor. 
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None  of  the  species  of  universal  (i.e.  non-special)  tools  appear 
to  be  absent,  and  all  are  characterized  by  that  exquisite  beauty 
of  proportion  (and  rational  suitability  in  which  it  consists)  for 
which  Whitworth’s  tools  stand  unrivalled.  They  all  present 
examples,  of  that  immense  advance  (which  we  believe  was  due 
individually  and  absolutely  to  Whitworth),  produced  by  casting  the 
framing  hollow — an  improvement  so  remote  from  vulgar  concep¬ 
tions,  yet  so  obvious  when  done,  that  for  a  long  time  the  hi  kgWoi  of 
tool  employers,  could  not  understand  “  why  Whitworth  chose  those 
lumpy  ugly  forms”  for  his  tool  frames;  but  that  has  passed,  and  there 


Fig.  307. 


Shanks’  Multiple-Drilling  Machine — Elevation. 


Fig.  368 


are  few  now  who  do  not  understand  that  stiffness  is  the  first,  second, 
and  third  requisite  of  a  really  good  tool,  and  that  to  obtain  this 
within  a  given  total  weight,  in  framing  exposed  to  transverse  strains, 
all  the  material  must  be  put  as  far  as  possible  from  the  neutral 
axes,  i.e.,  the  framing  must,  like  human  bone,  be  hollow.  But  this 
was  not  all,  in  the  conditions  of  Whitworth’s  success,  as  chief  of  tool- 
makers  ;  having  found  the  older  methods,  of  section  and  of  grinding, 
&c  ,  incapable  of  producing  perfect  truth  of  work,  he  substituted  the 
hand  labour  of  scraping,  i.e.,  of  a  tentative  approach,  by  honest  labour, 
in  trial  and  error,  to  tne  surface  of  a  pattern  or  trial  plane ;  once 


adopted,  he  honestly  pursued  his  method,  and  spared  no  wages  or  time, 
in  thus  making  the  lines  and  planes  needed  in  his  tools,  what  they 
professed  to  be,  perfect,  so  far  as  anything  human  can  be  called  so. 

The  result  has  been,  such  tools  as  undoubtedly  the  world  never 
saw  before,  and  which  to  this  hour  stand  at  least  unsurpassed,  in 
general  excellence  of  design  and  perfection  of  execution. 

Whitworth  appears  now  in  some  degree  to  repose  upon  his  well- 
earned  laurels ;  he  brings  forward  much  the  same  class  and  style  of 
tools,  though  in  larger  array  as  in  1851  ;  and  while  his  imitators 
or  rivals  in  trade,  produce  several  novelties  in  special  tools,  he  con¬ 
tents  himself  with  showing  those,  that  have  approved  themselves 
all  over  the  world,  as  the  most  universal  and  the  best.  Amongst 
the  whole  array,  of  large  and  small,  none  seems  to  us  more  exquisite 
than  his  ordinary  foot-lathe  (Fig.  376).  How  perfect  is  its  adaptation 
in  height ;  how  of  aforethought,  the  placing  of  every  binding  screw 


Fig.  3G9. 


Shanks’  Drilling  Machine. 


and  nut;  how  delicately  that  treaddle  responds  to  the  foot,  the 
light  pressure  of  a  girl’s  foot  might  make  it  fly  :  but  space  forbids 
us ;  we  must  neither  get  enthusiastic  nor  wordy. 

Look  to  those  giants,  though  of  the  same  breed.  Here  is  his  self¬ 
acting  break-lathe  as  exhibited  (Fig.  377),  made  of  various  sizes  to 
take  from  4  to  10  feet  in  diameter,  and  of  any  length,  and  universal  in 
application,  being  made  to  slide,  cut  screws,  surface,  and  bore,  and 
all  on  either  large  or  small  work,  and  the  bed  moves  on  the  founda¬ 
tion  plate  by  rack  and  pinion.  Here  is  its  foster-brother  (Fig.  378), 
though  in  itself  a  sort  of  twin;  the  self-acting  railway  wheel  turning 
lathe,  four  cutting  tools  going  at  once,  upon  wheels  from  3  to  10  feet 
diamoter.  The  four  rests  are  worked  by  overhead  independent 
motions,  and  are  provided  with  four  transverse  and  a  swivelling 
motion,  so  that  they  may  he  set  at  any  angle. 

Look  at  the  beauty  of  distribution,  for  combined  convenience  and 
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strength,  of  the  slots  and  holes  in  those  faceplates ;  contrast  their 
arrangement,  with  that  of  the  corresponding  parts  of  many  other 
faceplates  exhibited ;  it  is  in  such  a  way,  and  not  by  any  mere 
eyesight  knowledge,  that  you  will  get  a  clear  notion  of  the  pre¬ 
eminence  of  Whitworth’s  models. 

Here  is  exhibited  his  great  planing  machine,  with  its  very  flat 
inverted  V’s  to  its  beds,  perfect  not  only  ad  unguem,  but  ad  unguen- 
tum,  for  mark  the  beautiful  arrangements  for  oiling  the  ponderous 
mass  of  the  table,  as  it  travels  to  and  fro.  The  traverse  is  still  per¬ 
formed  by  Whitworth’s  peculiar  combination  of  the  double  threaded 
screw,  and  the  pair  of  friction  roller  revolving  teeth  taking  into  it, 
and  the  half-learned  say,  “  What  an  old  dodge !  why  on  earth  doth 
he  stick  to  it?”  but  Whitworth  i6  right,  the  grand  requisite  of  a 


repetition  of  such  accidents.  Perhaps  too  a  greater  length  of  tubular 
bearing  for  the  drill  spindle,  might  be  advantageous,  but  this  is  of 
less  import,  for  no  radial  drill,  however  well  made,  can  ever  be  a  tool 
of  perfect  rigidity,  nor  be  applied  by  the  judicious  mechanical  engineer, 
when  he  demands  a  hole  of  crucial  accuracy.  When  such  is  de¬ 
manded,  the  vertical  drill  of  Anderson,  as  employed  upon  the  Arm¬ 
strong  field  guns  at  Woolwich,  with  top  and  bottom  bearings  to  the 
boring  bar,  must  be  applied.  We  were  ourselves  long  in  the  habit  of 
employing  a  vertical  table  drill  by  Nasmyth,  upon  the  same  principle, 
for  accurate  work,  the  boring  bar  having  a  lower  bearing  in  the 
center  of  the  drilling  table. 

The  last  tool  of  Whitworth’s,  in  this  group,  to  which  we  can 
afford  space,  is  his  improved  self-acting  slot-drilling  machine  (Fig.  380). 


Fig.  370. 


Shanks’  Patent  Double-acting  Mortice  and  Groove  Drilling  Machine. 


planing  machine  is  that  the  table  should  stop  dead ;  stop  instantly 
without  elasticity,  tremor,  or  recoil,  as  if  arrested  by  the  hand  of 
Atropos  herself.  This  cannot  be  done  by  the  original  chain,  nor  by 
the  rack  and  pinion,  with  its  shaft  in  torsion,  nor  in  a  word  by  any 
method  as  yet  proposed  so  effectually,  as  by  the  end  on  motion,  of 
the  swiftly  whirling  double  threaded  screw. 

Here  again  is  his  large  radial  drill  (Fig.  379).  The  cut  gives  but 
an  inadequate  notion  of  the  perfect  proportionizing  of  parts,  of  each 
bit  to  the  strain  upon  it,  in  the  task  it  has  to  perform.  But  here  we 
will  even  venture  to  find  fault ;  we  think  the  bevel  gear  in  this  and  in 
almost  every  rotative  radial  drill  in  the  Exhibition  far  too  small  in 
diameter — so  small  that  the  strain  on  the  teeth  is  excessive,  and 
according  to  our  own  experience,  they  are  often  broken ;  indeed,  we 
have  had  the  wheels  replaced  ere  now  with  gun  metal  to  avoid  the 


These  are  applicable  to  cutting  slots  or  mortises,  or  to  general  drilling 
or  milling,  working  on  two  adjustable  tables  at  once.  The  drill 
spindles  revolve  in  conical  hardened  steel  bearings  within  a  tube,  and 
they  are  adjustable  within  the  bearings,  like  the  spindle  of  a  lathe. 

No  one  point  more  distinguishes  the  revolving  spindles,  of  tools 
by  different  makers,  in  this  Exhibition,  than  the  care  or  the  compa¬ 
rative  want  of  it,  with  which  provision  is  made  for  their  adjustment 
due  to  wear.  In  heavy  lathes  it  is  highly  important,  yet  here,  most 
of  all  and  most  usually  neglected. 

Another  description  of  slot-drilling  machine  is  made  by  Whit¬ 
worth  suitable  for  cutting  slots  which  do  not  run  in  the  direction  of 
the  length  of  the  object,  as  for  example  in  the  cross  head  of  a  steam 
engine.  The  main  frame  carrying  the  drill  spindle  is  stationary. 
The  crank  motion  is  applied  to  one  of  the  slides  of  the  table  carry- 
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ing  the  work,  and  is  so  arranged  as  to  give  the  traverse  to  the  table 
at  any  angle  according  to  the  direction  in  which  the  mortise  has  to 
be  cut.  Compound  slides  are  provided  for  adjusting  the  work,  so 
that  when  several  mortises  are  required  to  be  cut,  it  is  only  neces¬ 
sary  to  fix  or  chuck  the  work  once. 

Whitworth  also  produces  his  fine  series  of  taps  and  dies,  and  of 
his  beautiful  cylindrical  guages — a  rare  example  of  the  impress  of  real 
excellence  in  an  individual  unaided  by  governmental  rank  or  autho- 
rit)';  yet  revolutionizing  by  willing  and  common  consent,  the  standard 
of  measure,  of  the  whole  community  of  mechanical  engineering. 
The  only  celebrated  tool  of  Whitworth’s  which,  we  believe,  is  not 
exhibited,  is  his  micrometric  space  or  length  measurer,  and  if  so  we 
are  rather  pleased  than  otherwise.  We  do  not  think  Whitworth 

Fig.  371.  ' 


capable  of  charlatanry,  in  vaunting,  as  he  has  done,  the  exactitude  of 
this  little  instrument ;  but  we  are  perfectly  satisfied  he  is  grievously 
mistaken  in  supposing,  that  any  instrument  for  space  measuring, 
dependent  upon  touch ,  which  cannot  he  magnified ,  can  ever  compare 
in  delicacy,  with  those  dependent  upon  vision,  which  can  he  magni¬ 
fied  to  any  extent  consistent  with  sufficient  light.  Ramsden,  Roy, 
Troughton,  Smeaton,  or  any  one  of  the  great  masters  of  space 
measuring,  could  have  given  the  coup  de  grace,  in  ten  sentences,  to 
this  much-vaunted  micrometer,  which  has  in  reality,  no  one  element 
of  accuracy,  no  single  peculiarity  of  excellence  over  various  ante¬ 
cedents,  to  distinguish  it. 

Whitworth  also  produces  a  large  screwing  machine  with  thirteen 
sets  of  taps  and  dies,  £  inch  up  to  2  inches.  We  must  confess  we 
think  in  this  kind  of  tool  he  has  been  surpassed  by  other  exhibitors. 


In  the  group  of  Cutting  Tools,  foreign  exhibitors  have  not 
shown  numerously.  France  has,  especially,  not  reached  expecta¬ 
tion.  From  Prussia,  Haman  (1271),  Marz  (1277),  and  Offenhammer 
(1279),  and  Schwatzkoppf  (1282),  all  of  Berlin,  exhibit  a  few 
examples. 

Bolinder  &  Company  (258),  Stockholm,  send  a  planing  machine. 
From  most  of  the  other  foreign  nations  little  or  nothing  has  been 
shown.  To  all  this  there  is  one  remarkable  exception.  From  the 
kingdom  of  Saxony,  Zimmermann  (2323),  Chemnitz,  produces  a 
tolerably  copious  selection  of  large  tools,  which  we  hesitate  not  to  say, 
rival  in  all  essential  particulars  (so  far  as  eye  and  hand  without  actual 
work  can  determine)  the  very  best  that  have  been  exhibited,  not  even 
Whitworth’s  excepted.  The  large  planing  machine  especially  deserves 
attention.  These  tools  to  the  English 
eye  look  somewhat  light  in  scantling, 
but  those  who  can  also  recognize  by 
the  eye,  something  of  the  qualities  of 
cast-iron,  will  see  in  the  beautiful 
silvery  brightness  of  the  cut  surfaces 
of  these  tools,  that  they  are  fabricated 
of  a  material  not  only  of  greater  ulti¬ 
mate  strength,  but  of  greater  stiffness, 
than  any  of  our  commonly  employed 
British  mixed  cast-irons. 

It  does  not  therefore  follow,  that 
apparent  lightness  in  foreign  tools, 
nor  in  foreign  steam  engines,  neces¬ 
sarily  infers  proportionate  weakness; 
mere  mass,  however,  and  the  rigidity 
and  freedom  from  vibratory  jar  that 
inertia  confers,  should  never  be  lost 
sight  of.  These  tools  prove,  in  one 
example  at  least,  an  immense  advance 
abroad  since  1851.  We  should  like 
to  have  seen  them  submitted  to  a 
crucial  comparative  trial,  with  some 
of  the  best,  like  British-made,  tools 
exhibited. 

Sonderman  &  Stier  (2322),  Chem¬ 
nitz,  also  exhibit  a  very  nicely  con¬ 
structed  machine  for  cutting,  or  for 
circularly  grooving  or  rabbating  boiler 
or  other  tubes. 

2nd  Group — Machines  of  De- 
trusion  or  Penetration,  along 
with  which,  we  shall  place  the  Gtii 
Group— Machines  of  Compres¬ 
sion. 

Cook  &  Company  (1575),  Glas¬ 
gow,  produce  a  steam  rivetting 
machine. 

De  Bergue  &  Company  (1584),  Manchester.  Two  of  the  best 
and  most  powerful  machines  of  the  group  exhibited — the  first,  a 
punching  and  shearing  machine  of  the  largest  class  (Fig.  381),  to 
the  one  side  of  which  a  small  high-pressure  engine  is  attached  for 
working  the  machine  directly,  or  it  may  be  driven  in  the  ordinary 
way  by  strap. 

The  stop-off  motion  is  simple,  its  action  instantaneous — a  mere 
touch  of  the  handle  being  all  that  is  required  to  throw  the  punch 
out  of  gear. 

The  punches  themselves  are  very  small,  and  require  less  steel 
than  ordinary.  They  are  made  with  a  small  projecting  point  on  the 
under  side  at  the  centre,  by  the  aid  of  which  the  holes  of  templates 
or  other  plates,  marked  first  by  hand  with  the  centre  punch,  may 
be  punched  out  with  perfect  accuracy ;  the  small  point  on  the  under 


Shanks  &  Co.’s  Screwing  Machine,  with  Hollow  Spindle. 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


303 


side  of  the  punch  (which  for  the  moment  is  out  of  gear)  being  made 
to  drop  into  the  indentations  made  by  the  centre  punch  before  the 
punch  itself  is  allowed  to  penetrate  the  plate. 

Accuracy  of  pitch  is  obtained  in  punching  rows  of  holes,  such  as 

Fig. 372. 


in  girders,  by  the  aid  of  the  “pointer”  attached  to  the  machine,  which 
is  so  adjusted  that  the  distance  from  its  point,  to  the  centre  of  the 
punch,  is  equal  to  the  pitch  of  the  holes  to  be  punched.  The  plates 
having  been  marked  by  hand  with  a  centre  punch,  through  the 


holes  of  a  template  (instead  of  being  marked  with  paint  or  whiting 
in  the  ordinary  way),  the  pointer,  in  the  process  of  punching,  drops 
into  the  centre  punch  indentations,  and  holds  the  plate  slightly  in 
position,  whilst  each  successive  hole  is  punched.  In  addition  to 
greater  accuracy,  more  work  may  be  got  through  by  the  use  of  this 
apparatus. 

The  machine  admits  of  the  punching-head  being  reversed,  if  it  is 
required  to  punch  holes  in  large  plates,  at  a  greater  distance  from 
the  edge;  thus  the  machine  adapted  for  punching  holes  1  inch 
diameter,  through  1  inch  plates,  17  inches  from  the  edge  may,  by 
reversing  the  punching-head,  (the  work  of  a  few  minutes  only),  be 
made  to  punch  holes  §  inch  diameter,  21  inches  from  the  edge. 

The  punching-head  and  die-holder,  may  also  be  removed,  and 
replaced  by  apparatus  for  making  rivets.  To  the  same  fixings  may 
be  attached  cutters  of  various  forms,  for  cutting  angle  bars,  T-bars, 
and  other  forms  of  iron. 

The  large  rivetting  machine  is  shown  in  Fig.  382.  It  is  driven 
by  a  leather  belt,  the  motion  being  transmitted  through  double  gear 
to  an  eccentric  shaft,  which  alternately  forces  forward  and  draws 
back,  by  means  of  a  connecting  rod — a  hollow  cylindrical  carrier, 
holding  a  plunger,  in  which  is  fixed  the  steel  heading  die.  The 
opposite  die,  is  held  in  the  end  of  a  substantial  steel  screw,  fitted  into 
a  bush  in  the  pillar  which  receives  the  thrust,  in  the  process  of  rivet- 
ting,  so  as  to  adjust  the  distance  between  the  dies. 

The  plunger  carrying  the  heading  die,  fits  loose  in  the  carrier, 
being  simply  slid  in,  from  the  front  end,  but  between  the  inner  end 
of  the  plunger,  and  that  of  the  carrier,  a  movable  steel  block  is 
inserted.  This  block  may  be  slid  backwards  and  forwards  by  means 
of  the  handle  outside;  its  use  is  to  throw  the  rivetting  action  “  out 
of  gear,”  without  stopping  the  machine ;  thus,  when  the  block  is  in 
its  place,  the  plunger  is  carried  forward  with  the  carrier,  and  presses 
up  the  rivet,  but  when  it  is  withdrawn,  the  carrier  advances  without 
it,  and  being  drawn  back,  the  block  is  again  slid  forward  for  the  next 
stroke. 

The  block  may  be  withdrawn  at  any  point  of  the  advancing  stroke, 
and  the  forward  motion  of  the  plunger  arrested  before  the  die  actually 
comes  in  contact  with  the  rivet. 

This  part  of  the  apparatus  is  furnished  with  a  simple  contrivance, 
which  performs  the  same  functions  for  the  machine,  that  the  safety 
valve  does  for  the  steam  boiler.  The  steel  block,  in  the  process  of 
rivetting,  lies  between  the  inner  end  of  the  plunger  and  that  of  the 
carrier ;  the  plunger,  however,  does  not  come  in  actual  contact  with 
the  block  itself,  for  between  the  two,  and  held  there  in  the  block  is  a 
small  stud  of  cast-iron,  of  such  a  diameter,  that  should  the  plunger, 
in  advancing,  come  in  contact  by  accident,  with  a  cold  rivet,  the  edge 
of  any  angle  bar,  or  other  impediment,  sufficient  otherwise  to  break 
down  the  machine,  the  stud  is  crushed  and  flies  in  pieces,  and  the 
forward  motion  of  the  plunger  is  arrested.  A  fresh  stud  may  be 
inserted  in  a  few  minutes. 

This  machine  is  judiciously  designed,  and  in  most 
respects  well  proportioned.  Hollow  framing  would 
be  more  advantageous  than  feathered,  where  such 
heavy,  impulsive  strains  as  here  are  to  be  borne. 

P.  Fairbairn  &  Company  (1594),  Leeds,  produce  a 
rather  small  sized  pair  of  circular,  i.e.,  revolving 
shears,  with  arrangements  to  cut  either  rectilinear  or 
circular  work  up  to  a  limited  radius.  This  type  of 
shearing  tool  still  admits  of  vast  improvements,  and 
of  widely  extended  applications. 

Hawkins  &  Company  (1617),  and  Jones  (1635), 
London;  Lancelott  (1643),  Birmingham;  Morison 
(1664),  Paisley ;  Napier  &  Sons  (1669),  Lambeth;  Nash  (1671), 
Birmingham ;  and  several  others,  exhibit  presses  for  penetration, 
detrusion,  or  compression,  with  special  ends  in  view. 

Hulse  (1625),  Muir  (1668),  Sharp,  Stewart,  &  Co.  (1703),  and 


Sharp,  Stewart,  &  Co.’s  Vertical  Self-acting  Drill  for  Holes  up  to  4  inches 
diameter  by  12  inches  deep. 
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Whitworth  (1742),  all  of  Manchester,  exhibit  double  shearing  and 
punching  machines,  all  nearly  unexceptionable,  but  all  of  the  ordi¬ 
nary  types — either  the  shears  above,  and  punch  below,  and  at  opposite 
ends  of  the  same  plunger ;  or  the  shears  and  punches  on  separate 
plungers  placed  back  to  back  with  gear  between  common  to  both ;  No. 
1703  is,  we  believe,  the  heaviest  of  these  tools,  unless  De  Bergue’s 
be  an  exception,  and  will  punch  1^  holes  in  1J  inch  plate,  at  18 


inches  in  from  the  edge.  Several  will,  by  the  position  of  the  shear 
blade  being  skewed  in  its  vertical  plane,  cut  across  bars  of  any  length. 

Peto,  Brassey,  &  Betts  (1084),  Birkenhead  Works,  exhibit  a 
compound  machine  for  punching  holes  upon  the  Jacquard  marking 
principle.  Machines  on  that  principle  were  employed  at  the  works 
of  the  Boyne  Viaduct  by  M.  Evans,  the  original  contractor,  but 
not  found  advantageous  either  in  economy  of  time  or  labour. 
Rhodes  (1092),  Wakefield,  also  exhibits  machinery  of  this  sort.  R. 
Roberts  (1094),  London,  the  inventor,  we  believe,  of  the  Jacquard 
punching  machine,  exhibits  drawings  both  of  it  and  of  his  arrange¬ 
ment  of  a  press  with  double  plungers  at  right  angles  to  each  other 
for  cutting  angle  and  T-iron,  &c. 

In  the  foreign  departments  there  are  few  examples  of  this  group 
requiring  extended  notice;  1091,  1110,  1102,  1177  are  amongst 
those.  There  is  one  signal  exception,  however,  in  France.  Tussaud 
(1123),  Paris,  exhibits  a  machine  for  shearing  metals,  in  which  by 
a  singularly  original  and  curious  disposition  of  the  material  in  the 
parts  carrying  the  fixed  and  movable  blades,  the  tool  is  left  free  to 
take  in  any  size  of  plate  whatsoever.  The  tool  itself  in  which  this 


ingenious  thought  has  been  realized,  is  but  a  poor  example  of  work¬ 
manship,  and  standing  as  it  does  in  an  obscure  corner,  the  whole 
thing  has  most  probably  been  passed  by  almost  unknown  by  every 
one.  We  look  upon  it  as  one  of  the  most  ingenious  improvements 
shown  in  any  tool  of  this  type  exhibited  on  this  occasion. 

Two  very  beautiful  automatic  coining  presses  are  exhibited  at 
work,  one  in  the  French,  the  other  in  the  Zollverein  (Uhlhorn — 
1323)  departments,  both  striking  medals 
commemorative  of  the  Exhibition  of  18G2. 
In  many  of  their  movements  these  machines 
differ  much  from  the  type  of  the  British 
coining  press. 

In  connection  with  this  class  of  machines 
we  should  not  omit  noticing  an  extremely 
elegant  arrangement — a  late  arrival  in  the 
French  department,  but  under  what  number 
we  were  unable  to  ascertain — for  giving 
alternate  circular  motion,  with  rapidly  in¬ 
creasing  velocity,  to  a  screw  coining  and 
punching  press,  from  a  continually  revolving 
horizontal  shaft. 

The  horizontal  fly-wheel  on  the  head  of 
the  screw,  is  shod  with  leather  round  its 
circumference.  The  horizontal  and  constantly 
revolving  shaft,  passes  above  the  vertical 
axis  of  the  screw,  at  a  little  above  the  level 
of  its  highest  point,  and  carries  a  large  flat 
turned  iron  disc  keyed  upon  it,  at  a  point  just 
clear  of  the  fly-wheel ;  the  disc  therefore 
rapidly  revolving  in  a  vertical  plane.  The 
shaft  and  disc  which  it  carries  have  a  small 
amount  of  end-on  motion.  Supposing  the 
screw  and  fly-wheel  up  at  the  highest,  the 
revolving  disc  is  pressed  by  a  lever  against 
the  leathered  edge  of  the  fly,  which  touches 
it  at  first  close  to  the  shaft,  i.e.,  near  the 
centre  of  motion.  The  fly  is  brought  into 
motion  by  the  friction  contact,  and  as  it 
revolves  the  screw  descends;  thus  the  radius 
of  the  touching  point  upon  the  driving  disc 
is  continually  increasing,  and  so  with  it  the 
velocity  of  the  impellor.  At  the  moment 
that  the  dies  strike,  and  the  screw  is  to  begin 
to  fly  back  and  return  to  the  top,  by  the  elas¬ 
ticity  developed  by  the  impact,  and  by  a 
special  lifting  spring  in  aid  of  it,  an  automatic 
arrangement  moves  the  disc  and  its  shaft,  suddenly  a  little  end-on, 
and  so  frees  the  fly-wheel  and  screw,  and  permits  the  unimpeded 
ascent  again  of  the  screw. 

There  are  several  exhibitors  of  laminating  rollers,  and  of  rollers 
for  producing  special  forms  in  soft  or  hard  metals — all  of  which,  as 
tools  of  compression,  come  within  this  group,  but  which  present 
nothing  remarkable  to  notice,  even  had  we  more  space  at  our 
disposal. 

GROUP  3rd — TOOLS  OF  ABRASION. 

Hunt  &  Company  (1626),  Bow,  exhibit  their  patent  machine  for 
cutting  the  teeth  of  wheels  in  wood  or  metal.  Two  extremely 
beautiful  machines  in  this  group  are  for  the  purpose  of  superseding 
the  old  processes  of  engraving  the  copper  cylindrical  rollers  for  calico 
printing.  Lockett,  Sons,  &  Leake  (1649),  Manchester,  are  the 
exhibitors  of  one,  whose  action  depends  upon  the  principle  of  the 
pentagraph — the  design  to  be  transferred  by  the  abrading  point  to 
the  roller,  being  copied  from  a  dumb-point,  which  goes  over  the  lines 
of  the  design,  drawn  upon  a  flat  surface  to  a  larger  scale,  and  placed 


Sharp,  Stewart,  &  Co.’s  Self-acting  Shaping  Machine  for  Plane  and  Circular  Work, 
with  6  inches  stroke. 
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conveniently  before  the  operator.  The  details  of  this  elegant  ma¬ 
chine  would  not  bo  intelligible  without  large  engravings.  The 
Pentagraph,  which  admits  of  any  combination  in  the  same  design, 
of  reduction  or  of  enlargement,  in  either  one  or  in  both  dimen¬ 
sions,  in  reality  becomes  as  it  were  thus  the  creator  of  new  designs, 
as  well  as  a  great  time-saver.  The  parts  of  the  machine  are 
balanced  so  that  a  degree  of  freedom  to  the  hand,  guiding  the 
dumb-point — perfectly  unimaginable  until  actually  tried — is  ob¬ 
tained.  This  machine  has  been  wholly  produced  since  1851,  and 
within  five  years  has  been  largely  adopted  in  Great  Britain  and 
abroad.  We  take  leave  here  to  mention  that  its  fundamental  prin¬ 
ciple  is  not  new,  and  so  far  as  our  own  information  goes,  is  due,  as 
first  inventor,  to  Mr.  Thomas  Grubb,  printing  engineer  to  the  Bank 
of  Ireland,  and  well  known  for  his  telescopes  and  other  instru¬ 
ments  of  precision.  More  then  fifteen  years  ago  (if  we  mistake  not) 
he  applied  this  identical  arrangement  of  motion,  to  the  engraving  of 
numbers  and  letters,  upon  the  barrels  of  small  arms,  for  the  purposes 
of  registration  under  the 
Irish  Arms  Act.  The  rotat¬ 
ing  abrasive  point  which  he 
employed,  was  guided,  as 
here,  by  pentagraph  move¬ 
ments  from  a  flat  and  large 
copy.  Wo  ourselves  also 
some  years  since  designed 
machinery  upon  the  same 
principle,  for  numbering  the 
casks  in  Messrs.  Guinness 
&  Company’s  brewery,  Dub¬ 
lin.  Neither  of  these,  of 
course,  anticipates  the  pre¬ 
sent  beautiful  application. 

The  other  machine  for 
calico  roller  engraving,  is 
that  of  Garside  (1602),  Man¬ 
chester,  which  he  calls  the 
electrograph  engraving  ma¬ 
chine.  In  this  the  engraving 
is  produced  by  the  action  of 
diamond  points,  and  the 
main  peculiarity  is,  that  each 
diamond  is  held  by  an  arm 
so  arranged  in  reference  to 
an  electro-magnet,  that  when 
required  by  the  designer,  the 
current  of  a  voltaic  battery 
is  automatically  passed 
through  the  coils,  and  thus 
the  diamond  point  is  with¬ 
drawn  and  withheld  by  the 
temporary  magnet,  until  it  is 
again  required  to  act.  There 
are  several  diamond  points  in 
action  at  once,  so  that  the 
multiplication  of  parts  gives 
an  apparent  complexity  to 
the  machine.  We  watched 
its  action  carefulty,  however,  for  a  considerable  time,  and  examined 
the  work  produced,  by  both  machines,  with  the  lens,  and  found  no 
reason  to  find  fault  with  the  results. 

It  is  understood,  of  course,  that  in  both  machines  the  copper  roller 
is  coated  with  dark  etching  wax,  and  that  the  engraving  is  com¬ 
pleted  by  the  aid  of  etching  menstruum.  ' 

In  this  group,  we  have  some  very  good  sharpening  machines,  for 
grinding  thin  wood  moulding  tool  blades,  by  Robinson  &  Son  (1695), 


Rochdale,  and  also  (Fig.  383)  Muir’s  (1668),  Manchester,  patent 
grindstones. 

The  old  grindstones,  were  for  ever  getting  out  of  truth,  from  the 
difference  in  hardness  of  different  parts,  and  the  softening  of  one 
part  by  standing  at  night  in  the  water,  and  for  ever  being  “  turned 
up”  a  horrid  ear-splitting,  dust-choking  operation.  The  makers 
truly  say,  this  is  a  most  important  machine  for  all  places  where  edged 
tools  are  used.  The  great  advantage  over  the  common  grindstone 
is,  that  the  stones  being  capable  of  adjustment  by  means  of  right 
and  left  hand  screws  to  be  moved  when  required,  and  a  cam  motion 

res  ’ 

Fig.  374. 


Sharp,  Stewart,  &  Co.’s  Patent  Self-acting  Slot-drilling  Machine. 


laterally  being  given  to  one  of  them,  the  surfaces  are  always  preserved 
perfectly  true  and  even ;  thus  enabling  workmen  to  grind  their  tools 
with  a  degree  of  accuracy  otherwise  impossible. 

The  great  dust  arising  from  turning  the  stones,  so  injurious  to 
all  kinds  of  machinery,  is  thus  entirely  done  away  with. 

It  has  been  supposed  that  the  stones  would  soon  wear  each  other 
away;  but  the  friction  can  be  regulated  with  a  great  degree  of 
nicety,  or  entirely  removed  if  not  necessary,  and  we  can  assert, 
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There  are  various  appliances  for  making  the  tool  more  generally 
available,  and  it  has  no  doubt  numerous  and  valuable  applications. 


Sellars’  Patent  Bolt  and  Nut-screwing  Machine. 


rom  our  own  experience, 
that  they  last  longer  than 
those  on  the  old  principle. 

The  mode  of  action  of 
the  stones  in  mutually 
correcting  each  other’s 
form,  is  sufficiently  obvi¬ 
ous  without  description. 

We  do  not  suggest  a 
doubt  as  to  the  originality 
of  this  patent  construc¬ 
tion  of  Messrs.  Muir;  but 
we  believe  the  idea  of 
running  two  grindstones 
against  each  other  for 
mutual  correction  was 
due  to  Nasmyth  ;  at  least 
we  ourselves  first  saw  it 
with  him,  in  use  at  Patri- 
croft,  a  good  many  years 
back. 

For  directly  working 
in  metals,  we  have  abra¬ 
sive  machines  by — 

Smith,  Beacock,  & 

Tannett  (1715),  Leeds — a  milling  machine  (as 
these  are  commonly  but  most  unhappily  called) 
— carrying  large  steel  rose  cutters,  designed  to 
shape  by  their  action  those  curved  and  irregular 
surfaces  which  are  usually  shaped  by  expensive 
hand  labour. 

The  table  on  which  the  work  is  secured  can  bo 
set  to  any  angle, 
and  is  provided 
with  a  dividing 
wheel,  and  ma¬ 
chine-cut  change 
wheels,  and  has  a 
self-acting  hori¬ 
zontal  movement. 

The  revolving  cut¬ 
ter  has  self-acting 
vertical  and  trans¬ 
verse  movements. 


Fig.  370. 


Whitworth’s  Foot  Lathe. 


Whitworth’s  (1742)  self¬ 
acting  bolt-head  and  nut¬ 
shaping  machine,  with  two 
rose  cutters,  for  shaping 
two  objects  at  once,  is  a 
tool  of  this  same  type,  but 
not  of  the  same  universal 
adaptability;  and  he  has  also 
a  very  elegant  special  tool 
for  sharpening  the  rose 
cutters.  We  may  here 
mention,  though  a  little  out 
of  place,  that  nut-shaping 
machines  are  exhibited 
in  the  Zollverein  de¬ 
partment  differing  al¬ 
together  from  any 
British  examples,  and 
constructed  on  the 
principle  of  a  minute 
shaping  machine,  ac¬ 
tuating  two  tools,  cut¬ 
ting  vertically,  and 
at  opposite  faces,  of 
the  same  nut,  at  the 
same  time  ;  the  nut 
being  screwed  upon  a 
vertical  spindle,  with 
detent  revolving  ar¬ 
rangement.  The  work 
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produced  appeared  rather  slow,  but  was  beautifully  perfect.  Two 
other  abrasive  tools  are  exhibited  by  Whitworth,  viz.,  bis  well- 
known  arrangement  of  cutting  engine,  for  toothed  wheels  in  metal 
or  wood,  and  a  large  circular  saw,  for  cutting  off  the  ends  of  rail¬ 
way  bars,  while  red  hot. 

In  the  Foreign  de¬ 
partment,  the  most  in¬ 
teresting  abrasive  tools 
are  the  machines  for 
sharpening  circular 
saws,  Malbec  (1118), 

Paris;  and  the  artificial 
grinding  wheels  and 
other  tools  of  Pursch 
(2320),  Dresden,  shown 
in  the  Zollverein. 

These  are  formed  of 
various  materials,  faced 
with  corundum  or 
emery.  Emery  tools, 
which  were  employed 
to  so  great  an  extent 
and  with  such  wonder¬ 
ful  results  by  the  an¬ 
cients,  as  hand  tools, 
are  still,  we  feel  satis¬ 
fied,  susceptible,  when 
combined  with  rotation 
by  power,  of  enormous 
developments  and  most 
extensive  uses. 


in  some  modem  arrangements.  The  specification  is  detailed  and  pre¬ 
cise  in  its  verbiage,  and  describes  or  alludes  to,  almost  every  conceiv¬ 
able  variety  of  form  or  construction,  and  nearly  every  purpose  or 
application,  for  the  steam  hammer;  and,  we  believe,  anticipates 


Whitworth’s  Self-acting  Break  Bathe. 


Whitworth’s  Self-acting  Railway  Wheel  Turning  Lathe. 


Group  IVtii.  —  Ma¬ 
chines  of  Contu¬ 
sion. 

The  most  important 
of  all  tools  of  this 
group  is  the  steam 
hammer.  Its  history 
is  not  a  little  curious. 

One  name  —  that  of 
Nasmyth — has  become 
deservedly  famous  in 
connection  with  it  ; 
and  yet  he  was  only  a 
second,  though  inde¬ 
pendent  inventor,  while 
the  name  of  the  origi¬ 
nal  and  first  inventor 
remains  almost  un¬ 
known,  and  wholly 
unhonoured  —  a  re¬ 
markable  example,  of 
the  different  fates  that 
await  the  inventor  who 
is  greatly  in  advance 
of  his  age,  and  one 
who  just  anticipates 
the  coming  want  of  his 
own  epoch. 

On  the  Gth  June,  1806,  William  Deverell,  engineer,  of  Charles  ]  essentially,  all  that  has  been  achieved  to  this  hour.  The  specifica- 
Street,  Blackfriars  Road,  London,  specified  his  patent  for  improve-  !  tion  may  be  found  at  length  in  the  Repertory  of  Arts,  vol.  ix.  p.  387, 
ments  in  the  mode  of  giving  motion  to  hammers,  stampers,  knives,  i  second  series ;  and  is  referred  to  in  the  Mechanics  Magazine,  vol. 
shears,  and  other  things.  In  this  specification  is  described  a  modifi-  j  xliii.  p.  72.  The  good  seed  then  sown  fell,  however,  in  barren  ground, 
cation  of  the  hammer  driven  by  compressed  air,  exactly  as  we  see  it  !  In  1806,  there  were  no  huge  “puddle  balls”  to  squeeze;  no 


Whitworth’s  Self-acting  Slot-drilling  Machine. 
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De  Rerguc  &  Company’s  Punching  and 
Shearing  Machine. 

a  quarter  of  a  century  afterwards ;  and  until 
his  patent  had  expired,  and  the  inventor 
himself,  like  his  brilliant  invention,  had  been 
forgotten.  That  Nasmyth,  though  but  a 
second,  was  an  absolutely  independent  in¬ 
ventor  there  is  no  room  to  doubt ;  indeed,  a 
letter  with  which  we  have  been  favoured  by 
him  in  reply  to  inquiries  of  our  own  as  to 
the  early  history  of  the  invention  in  his  own 
mind  (the  length  of  which  precludes  quotation 
here,  but  which  we  hope  may  soon  appear 
in  the  Practical  Mechanic's  Journal)  proves, 
that  Nasmyth’s  invention  was  originated  and 
worked  out,  to  nearly  the  form  in  which  he 
left  it  at  the  expiration  of  his  patent,  almost 
at  a  blow ;  and  also  proves,  how  very  near, 
even  he  was,  to  losing  the  fruit  of  his 
labour,  by  being,  even  in  June,  1812,  too 
much  in  advance  of  his  own  epoch,  j 

'While  Deverell  must  be  recorded  as  the 
first  inventor  of  the  steam  hammer  (which 
appears  without  any  just  foundation  to  be 
attributed  sometimes  to  Watt),  there  is  no 
proof,  that  I  am  aware  of,  that  he  ever 
actually  constructed  a  hammer ;  so  that  to  Nasmyth  properly 


Pc  P»erguc  Compsiny  s  Ri  vetting  Machine. 

effected  by  the  compression  of  air  in  the  cylinder,  above  or  below 


Fig.  382. 


belongs,  not  only  the  credit  of  an  independent  (though  second)  in¬ 
ventor,  but  that  of  having  been  the  first  who  brought  the  steam 
hammer  to  a  concrete  reality,  and  amazed  the  metallurgic  world,  by 
exhibiting  to  them  its  prodigious  powers  and  adaptabilities  which 
lie  alone  had  foreseen — so  alone,  that  he  could  not  even  persuado 
his  own  partners  to  join  in  patenting  his  invention,  until  the  steam 
hammer  was  actually  pirated  and  in  use  in  France. 

Since  1842,  other  patentees  of  steam  hammers  have  been  numer¬ 
ous,  and  no  form  of  tool  is  perhaps  more  fully  displayed  at  the 
Exhibition.  All  the  hammers  bear  a  strong  family  likeness  to  the 
original  Nasmyth’s.  There  have  been  two  marked  attempts  at 
improvement — Condie’s  hammer,  in  which  the  cylinder  moves,  and 
as  the  hammer  gives  the  blow,  from  off  an  immovable  piston ;  and 
Morrison’s,  in  which  the  piston  rod  is  swelled  into  a  thick  bolt,  with 
a  piston  annularly  fixed  round  it  at  mid  length,  the  aim  in  both 
being,  to  get  rid  of  the  shattering  jar,  at  the  junction  of  the  rod 
and  hammer  head  of  the  Nasmyth  tool. 

Many  modifications  have  also  been  made  in  Nasmyth’s  valve  gear, 
the  best  being  those  in  which  it  is  most  simplified ;  and  not  a  few 
modifications  have  been  made  apparently,  for  the  mere  sake  of 
change,  amongst  which  a  few  are  changes  with  detriment. 

Winton  &  Cowan’s  (1578),  Greenwich,  compressed  air  hammer, 
is  a  compound  of  the  mechanical  or  tappet  hammer,  and  the  pneu¬ 
matic  motive  principle  of  the  steam  hammer.  Motion  is  transmitted 
by  strap,  to  a  lever  and  cam,  to  throw  up  the  hammer,  and  the  force 
ot  the  blow,  or  its  arrestation  within  the  limits  of  the  full  stroke,  is 


paddle  shafts,  no  wrought-iron  guns  to  forge,  nor  for  well-nigh 
Fig.  3S1. 


the  piston.  Fig.  384  shows  a  compound  air  hammer,  where  the 
blows  required  are  intermittent,  as  for  the  uses  to  which  stamping 
presses  are  usually  employed.  In  this,  the  main  frame  is  a  hollow 
cast-iron  reservoir,  into  which  air  is  continually  condensed,  by  the 
pump  seen  in  front,  worked  by  strap  from  the  source  of  power. 
When  a  blow  is  required,  the  compressed  air  is  permitted  to  enter 
the  cylinder  above  the  piston  or  plunger  head.  The  blow  is  deli¬ 
vered,  compressing  the  strong  spring  on  top  of  the  piston  rod,  which 
brings  back  the  hammer  to  its  first  position  again,  as  soon  as  the 
air  is  permitted  to  escape.  The  main  advantage  of  these  hammers 
is,  that  they  can  be  wrought  without  a  special  steam  boiler,  by 
a  share  of  engine  power,  or  by  a  water  wheel,  in  places  where 
water  power  exists,  and  fuel  is  dear. 

Winton  &  Cowan  are  also  makers  of  the  high  and  low 
pressure  steam  hammer,  which,  however,  they  do  not 
exhibit.  In  these  there  are  two  cylinders,  one  above  the 
other,  the  plunger  and  piston  rod  being  continued  through 
both.  The  steam,  after  raising  the  hammer,  passes  from 
below  the  piston  of  the  top  and  smaller  cylinder,  to  above 
the  piston  of  the  lower  and  larger  one,  in  which  it  expands 
in  bringing  down  the  blow. 

Do  Bergue  &  Company  (1584),  Manchester,  produce 
some  well-executed  hammers,  but  not  peculiar  in  con¬ 
struction.  Carrett,  Marshall,  &  Company  (1813),  Leeds 
(Fig.  385),  their  patent  self-acting  two  cwt.  steam  hammer, 
without  external  valve  gear,  and  capable  of  variable  stroke 
and  intensity  of  blow.  For  rapid  repercussion,  as  in  tilt¬ 
ing  steel,  we  have  no  doubt  these  hammers  must  be  found 
to  work  advantageously.  The  makers  say  they  can  produce  4b"o 
to  500  blows  per  minute. 

Eastwood  &  Sons  (1591),  Derby,  produce  the  most  rapidly  beating 
hammer,  actually  at  work  in  the  Exhibition,  and  designated  specially, 
as  one  for  tilting  steel.  The  construction  of  this  hammer  is  shown 
in  vertical  section  in  Fig.  386,  and  in  Fig.  387,  by  a  horizontal 
section  through  the  cylinder  and  valve  at  the  level  of  the  axis 
of  the  latter.  The  valve  reciprocates  in  a  cylindrical  casing, 
and  is  moved  directly,  by  a  rod  and  stud  upon  the  hammer  head. 
The  details  are  all  of  the  very  simplest  and  most  substantial  cha¬ 
racter,  and  the  valve  arrangements  have  in  view  the  shortest  possible 
traverse,  and  the  quickest  consequent  action.  We  have  seen  this 
hammer  making  above  COO  blows  per  minute,  and  we  believe 
880  blows  have  been  delivered  in  the  same  time.  It  seems  pro¬ 
bable  that  even  this  number  might  be  increased,  by  double  porting 
the  valve,  similar  to  the  Allen  high-pressure  engines. 

Glen  &  Ross  (1608),  Glasgow,  exhibit  Rigby’s  patent  double-acting 
steam-hammer,  in  2  cwt.  and  in  5  cwt.  heads.  The  main  peculiarity 
is,  that  the  valve  is  so  arranged  that  the  under  side  of  the  hammer 
piston  is  never  opened  to  the  atmosphere.  To  raise  the  hammer, 
steam  is  admitted  under  it  in  the  usual  manner,  but  in  place  of 
being  then  blown  out,  and  the  hammer  permitted  to  drop,  it  is 
transferred  from  below  to  above  the  piston,  and  its  elasticity  in 
expanding  is  added  to  the  force  of  descent  by  gravity.  The  lifting 
steam,  only  acts  upon  the  annular  difference  between  the  cross  sections 
of  the  piston,  and  of  the  large  thick  piston  rod  or  bolt,  but  the 
depressing  steam  acts  on  the  undiminished  area  of  the  piston. 

This  is  the  construction  of  hammer  adopted  in  some  of  the  very 
largest  now  in  existence.  Of  one  of  these,  the  great  hammer  very 
lately  constructed  by  the  Mersey  Steel  &  Iron  Company,  Liverpool, 
we  are  enabled  to  give  illustrations  (Figs.  388  and  389),  the  drawings 
having  been  obligingly  placed  at  our  disposal  by  Mr.  W.  Clay,  the 
partner  and  able  manager  of  those  extensive  works.  The  Mersey 
hammer  weighs  15  tons,  and  has  a  clear  fall  of  8  feet  6  inches. 
The  framing,  as  will  be  remarked,  is  rather  peculiar,  being  formed 
chiefly  of  wrought-iron,  and  has  the  advantage  of  admitting  a  fine 
clear  headway  beneath,  combined  with  great  steadiness  of  blow. 


This  last  is  indeed  the  first  requisite  of  a  good  and  durable  steam- 
hammer  of  the  largest  class. 

The  Mersey  hammer,  unlike,  we  believe,  the  equally  large  one 
constructed  at  the  Elswick  Ordnance  Works,  has  its  valves  arranged 
to  work  either  as  a  double  or  single-acting  hammer.  When  work¬ 


Fig.  383. 


Muir’s  Grindstone 


ing  a  thick  forging,  there  is  a  great  saving  of  heat  by  returning 
the  steam  from  the  lower  to  the  upper  end  of  the  cylinder,  as  what 
remains  behind  in  the  lower  end  is  so  much  ready  for  the  next 
stroke.  In  the  single-acting  hammer  it  takes  almost  the  same 
steam,  to  give  a  one  foot  blow,  upon  a  five  foot  thick  mass,  as  a 
five  foot  blow,  upon  a  one  foot  thick  piece. 

In  this  hammer  the  piston-head  and  bolt  are  of  wrought-iron 


Fig.  3S4. 


Fig.  385. 


Winton  &  Cowan’s 
Compressed  Air  Hammer. 


Carrett,  Marshall,  Co.’s 
Self-acting  2  cwt.  Steam  Hammer. 


forged  in  one  mass,  but  several  of  the  heavy  German  hammers, 
are  of  forged  cast-steel — a  much  better  material,  and  one  delivering 
a  more  effective  blow  than  even  wrought-iron,  where  the  total 
weight,  and  total  fall  of  the  centre  of  gravity  of  the  bolt  or  hammer, 
are  yet  precisely  the  same — a  physical  truth  the  nature  of  which 
our  steam-hammer  makers  in  this  country  do  not  seem  to  under¬ 
stand. 
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Iludswell  &  Clarke  (1622),  Leeds,  show  their  improved  double¬ 
acting  steam-hammer;  the  advantages  specified  being  simplicity 
of  construction,  facility  of  repair,  and  smallness  of  first  cost. 

Imray  (1G28),  London,  exhibits  in  motion,  Imray  &  Copeland’s 
double-acting  steam-hammer,  one  peculiarity  of  which  is,  the  extra¬ 
ordinary  device  of  interposing  a  stratum  of  liquid  between  the 
hammer  head  and  the  piston,  and  forming  the  anvil,  upon  the  head 
of  the  plunger  of  a  hydraulic  press,  thus  receiving  the  blow  given 
upon  the  anvil,  upon  a  liquid  support  beneath.  This,  the  makers 
affirm,  <!  transmits  the  shock  to  the  framing  and  foundation  through 
a  liquid  cushion,  which  takes  off  the  whole  violence  of  the  concus¬ 
sion,  and  thereby  obviates  the  great  strength  and  solidity  required 
for  other  hammers.” 

A  more  singular  fallacy  than  this  can  scarcely  be  conceived ;  if 
the  liquid  be  one  free  from  air,  and  none  be  pent  up  in  the  water 
vessel,  or  the  interior  of  the  anvil  block,  then  the  confined  water  has 
no  more  pretensions  to  the  properties  of  a  cushion  than  the  iron  itself 
— strictly  a  good  deal  less ;  if,  on  the  contrary,  the  blow  be  buffed  by 
air  confined  somewhere,  and  compressed  by  the  liquid,  so  much  of 
the  blow  is  lost  for  all  purposes  of  a  hammer.  This  also  seems  lost 
sight  of,  that  if  the  water  below  the  anvil  (block  or  plunger)  be,  as  it 
must  be  assumed,  a  homogeneous  mass  of  liquid,  then  the  impact 
of  the  blow,  delivered  upon  whatever  may  be  the  area  of  the 
anvil  plunger,  must  be  instantly  (i.e.,  at  the  rate  of  4400  feet 
per  second)  diffused,  at  almost  the  same  pressure  per  unit  of 


Fig.  3SS. 


Eastwood  &  Sons’  Steam  Hammer. 


area,  over  every  pari  of  the  interior  surfaces  of  the  water-con¬ 
taining  cavity;  the  strains  upon  the  parietes  of  which,  by  this 


severe  and  continued  impulsive  pressure,  must  very  soon  cause 
them  to  give  way. 

Indeed  we  are  quite  convinced,  that  a  pretty  heavy  hammer,  with 
considerable  velocity  of  blow,  constructed  after  this  whimsical 
scheme,  would  not  be  in  existence  an  hour. 

Fig.  3S8.  Fig.  3S9. 


Mersey  Steel  Company’s  Great  Hammer. 


The  Kirkstall  Forge  Company  (1641),  Leeds,  exhibit  Naylor’s 
patent  single  or  double-acting  steam  hammers,  as  illustrated  in 
Figs.  390  and  391.  These  are  admirably  executed  tools,  and 
judiciously  proportioned  in  all  respects  (though  we  think  the  hammer 
block  or  head  might  be  advantageously  got  rid  of,  for  the  steel  bolt). 
The  importance  of  the  principle  of  double-action,  to  which  we  have 
already  somewhat  alluded,  cannot  be  over  rated.  If  t'  be  the  time  in 
which  the  hammer  is  raised,  for  a  given  length  of  stroke  s,  by  the 
steam  beneath  the  piston ;  t'  depending  upon  the  pressure  of  the 
steam  in  the  boiler,  the  area  of  the  passages,  &c. — then  in  the  single- 
acting  hammer,  which  drops  freely  by  gravity  only,  the  greatest 
possible  number  of  strokes  per  second  will  be — 

V  s 

N =t'+~ 

The  latter  member  being  =  t  the  time  of  descent,  and  the  greatest 
possible  velocity  of  blow 

5  =  V  2  gs. 

But,  with  a  very  reasonable  steam  pressure,  t'  will  always  be  much 
less  than  t—  so  that  a  much  greater  velocity,  may  be  conferred  in 
the  descent,  than  that  due  to  gravity.  Indeed  this  is  obvious,  if 
we  consider  that  at  the  following  lengths  of  stroke  the  greatest 
possible  velocities,  with  single-acting  hammers,  are  as  follows : — 

Blow  s  =  1  foot ,  V  =  8‘02  ft.  per  second. 

2  “  ,  V  =  11-34  “  “ 

3  “  ,  V  =  13  89  “  “ 

4  “  ,  V  =  16-04  “  “ 

5  “  ,  V  =  17-93  “  “ 

8  “  ,  V  =  22  68  “  “ 

10  “  ,  V  =  25-36  “  “ 

velocities  which  may  be  easily  doubled,  or  even  quadrupled,  by 
the  steam  behind  the  hammer. 

The  relative  effectiveness,  of  every  steam  hammer  employed  upon 
a  more  or  less  yielding  inert  mass  of  considerable  density,  which 
gives  way  through  a  large  sensible  space  to  each  blow,  is  made  up 
of  displacement  and  of  penetration  together,  and  may  be  expressed  by 

E  =  M  (V+V2) 

51  being  the  weight  of  the  hammer;  for  unless  the  blow  were 
received  by  a  rigid  body  (as  cold  iron  or  the  anvil),  it  is  not  true, 
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as  put  forward  by  the  patentees,  that  tire  effective  power  of  a 
hammer,  is  proportionate  simply  to  its  vis  viva. 

It  is  thus,  however,  clear  at  how  rapid  a  rate  the  effectiveness 
is  enhanced,  by  increase  of  velocity  of  the  blow ;  and  equally  so  that, 


Fig.  300. 


with  a  tolerably  long  stroke,  the  velocity  of  repercussion,  can  only  pass 
a  very  limited  number  of  strokes  per  minute,  unless  by  the  same 
means,  that  the  effectiveness  of  the  blow  is  enhanced.  This  is  the 
best  praise  we  can  bestow  upon  these  excellent  hammers. 


Fig. 301. 


Messrs.  Morrison  &  Co.  (16GG),  Newcastle-on-Tyne,  exhibit 
in  motion  their  patent  double-acting  steam  forge  hammer  of  20 
cwt.  with  hammer  bar  and  piston  forged  solid  together.  Fig.  392 


shows  a  side  elevation  of  the  hammer,  and  of  the  gear  connected 
therewith.  The  steam  cylinder  is  firmly  bolted  to  the  single  frame, 
which  is  made  of  a  box  form. 

This  frame  contains  the  steam  chest, steam  passages, &c.  Theham- 
mer  bar  (Fig.  393)  is  forged  in  one  solid  piece,  with  the  piston  and 
claw.  The  piston  is  on  the  plan  of  Ramsbotham’s  patent  locomotive 
pistons  used  on  the  London  and  North-Western  Railway.  Above  the 
piston,  the  bar  is  planed  flat  on  one  side,  a  corresponding  flat  being 
left  in  the  gland  of  cylinder  cover;  this  keeps  the  bar  and  the  ham¬ 
mer  face,  constantly  in  the  same  relative  position  to  the  anvil.  On 


Fig.  392. 


Morrison’s  Double-acting  Steam  Forge  Hammer. 


the  top  of  the  hammer  bar  there  is  a  friction  roller  which  works  in 
the  slotted  lever,  shown  attached  to  the  cylinder  cover ;  this  lever, 
by  means  of  a  pair  of  links  and  a  slide  rod,  gives  motion  to  an 
ordinary  box  slide,  for  admitting  steam  above  and  below  the  piston ; 
the  slotted  link  is  so  shaped  that  equal  spaces  traversed  by  the  bar 
at  any  portion  of  its  stroke,  produce  corresponding  movements  in 
the  slide.  This  slide,  once  set,  requires  no  further  alteration. 

The  larger  of  the  handles,  is  attached  by  links  to  a  movable 
slide  face,  moved  up  and  down  by  hand,  to  regulate  the  length  of 
the  stroke  and  height  from  the  anvil,  according  to  the  piece  to  be 
forged. 
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Tho  stop  valve  is  used  for  shutting  the  steam  off  entirely,  or 
for  reducing  its  pressure,  to  strike  light  blows.  The  steam  pipe 
from  the  boiler  is  fixed  to  the  underside  of  the  frame,  and  runs  up 
some  distance  inside  the  bellmouthed  part  of  the  steam  passage  cast 
in  the  frame,  which  thus  forms  a  trap  for  collecting  any  water  that 
may  condense  in  the  pipes ;  a  cock  placed  at  tho  bottom  can  be 
opened  to  carry  off  the  water.  Higher  up,  a  communication  can  be 
made  from  the  bottom  of  the  cylinder  to  the  exhaust,  for  the  like 
purpose. 

To  strike  a  single  blow,  it  is  only  necessary  to  open  the  stop 
valve,  and  raise  the  lever  attached  to  the  movable  face,  and 
suddenly  depress  it  again ;  as  the  bar  rises,  a  blow  of  any  degree 
of  intensity  can  be  given,  according  as  the  stop  valve  is  more 
or  less  open. 

The  momentum  of  the  bar  in  rising,  and  its  impact  with  the 
forging  in  its  descent,  regulate  the  action  of  the  valve.  After 
the  delivery  of  the  blow,  no  more  steam  is  admitted,  and  as  it 
requires  scarcely  an  eighth  of  an  inch  opening  of  slide,  to  raise 
tho  bar  while  working  with  heavy  blows  on  hot  iron,  the  full 
|  force  of  the  falling  blow,  without  any  check  from  the  steam  below, 
is  obtained  at  the  commencement;  the  reduction  in  thickness  of 
the  forging,  consequent  on  the  blow,  being  sufficient  to  open  the 
slide  to  admit  the  requisite  amount  of  steam  to  lift  the  bar,  the 
momentum  of  which  is  unchecked  in  its  upward  course,  opens 
the  slide  considerably  more  in  that  position,  and  admits  the  steam 
freely  on  the  top  of  the  piston,  so  that  in  all  cases  a  very  firm  and 
powerful  blow  is  obtained. 

Messrs.  Morrison  have  at  work  a  15-ton  hammer,  which  they 
believe  to  be  the  largest  in  England.  Herr  Krupp’s  celebrated 
hammer  at  Essen,  variously  appraised  up  to  40  tons  by  popular 
rumour,  is,  we  have  reason  to  believe  from  trustworthy  informa¬ 
tion,  had  personally  by  us,  in  Westphalia  in  August  last  (1862), 
about  2000  centners,  or  about  20  tons. 

The  10-tou  hammer  at  Elswick  Works  is,  it  appears,  a  single- 
acting  hammer,  worked  by  hand,  and  made  by  Messrs.  Morrison, 
under  R.  Morrison’s  first  patent.  The  following  description  has 
been  furnished  us  by  the  makers : — 

The  cylinder  is  46  inches  diameter,  with  a  clear  fall  or  stroke  of 
8J  feet ;  the  hammer  bar  is  forged  of  the  best  scrap  iron  in  one 
solid  piece  with  the  piston,  and  dovetail  end  for  receiving  the  face, 
and  is  finished  to  18  inches  diameter,  its  total  length  being  27  feet 
6  inches.  The  cylinder,  with  its  covers  and  glands,  weighs  32 
tons,  the  hammer  bar  15  tons,  the  two  frames  34  tons,  the  anvil 
block,  bed  plate,  and  sockets  for  crane  post  and  bottom  foundation 
plates,  120  tons,  making  in  all  210  tons.  The  cylinder  is  strongly 
flanged  and  ribbed,  and  is  securely  bolted  between  the  frames  by 
48  bolts,  2\  inches  diameter  each,  thus  securing  the  cylinder  and 
frames  rigidly  together  in  one  perfectly  solid  mass,  and  the  whole  is 
held  clown  by  8  foundation  bolts,  each  4  inches  square,  passing 
through  strong  cast-iron  plates,  14  feet  below  the  surface.  The 
foundation  for  carrying  the  whole,  is  composed  of  concrete  tim¬ 
ber  and  stone  work,  and  is  44  feet  one  way,  26  feet  the  other, 
and  14  feet  deep.  The  frames  are  cast  hollow,  measuring  4  feet 
one  way,  and  3  feet  6  inches  the  other,  and  2J  inches  thick ;  one 
of  these  frames  contains  the  valve  and  gear  for  working  the  hammer, 
as  well  as  the  steam  and  exhaust  pipes,  so  that  there  is  nothing 
projecting  on  the  outside  to  interfere  with  the  workmen  or  the 
cranes.  The  space  round  the  hammer  is  ample.  The  height 
from  the  surface  of  the  ground  to  the  underside  of  the  frames  is  11 
feet  3  inches,  so  that  the  largest  piece  of  work  can  be  turned  round, 
in  every  way,  without  being  taken  from  under  the  hammer.  The 
length  of  tho  cylinder  over  the  top  and  bottom  covers  which  form 
the  guides  is  14  feet,  so  that  whatever  may  be  the  size  of  the 
forging  under  the  hammer,  the  bar  is  always  guided  for  14  feet  of 
the  length. 


It  certainly  does  seem  strange  that  in  these  large  and  long- 
stroked  hammers,  where  the  advantage  of  double  action  is  the 
greatest,  its  use  should  have  been  abandoned  by  this  firm,  who 
yet  exhibit  nothing  but  double-acting  ones. 

The  existing  representatives  of  Nasmyth’s  House  at  Patricroft 
(1670)  exhibit  steam  hammers,  as  by  all  the  proprieties,  they  were 
called  on  to  do. 

Neilson  (1673),  Glasgow,  exhibits  a  radial  steam  hammer,  which 
he  calls  a  “  steam  smith.”  This  appears  to  us  a  mistaken  move ; 
with  such  tools,  it  is  more  facile,  certain,  and  durable,  to  bring  the 
work  to  the  hammer,  than  the  hammer  to  the  work.  That  action 
and  reaction  are  equal,  must  not  be  forgotten  here;  whatever  the 
force  of  the  blow,  will  also  be  the  strain  and  the  flexure  of  the 
radial  arm. 

Rhodes  (1693),  Wakefield,  is  also  an  exhibitor  of  these  tools. 
Ryder  (1697),  Bolton,  shows  his  forging  machines,  which  are  likewise 
produced  by  Whitworth  and  other  makers  (under  license,  we  pre¬ 
sume),  in  what  is  alleged  to  be  an  improved  form.  For  small  work, 
and  especially  swaged  work,  of  defined  forms,  these  little  machines 
are  beautifully  adapted.  Their  combination,  of  rapid  push  and  blow, 
seems  exactly  the  thing  for  producing  small  work,  free  from  cracking 
at  the  edges  or  other  defect. 

Shanks  (1701)  produces  a  steam  hammer,  along  with  his  other 
tools  already  referred  to. 

Thwaites  &  Carbutt  (1728),  Bradford,  show  their  4  cwt.  and  7  cwt. 
double-acting  hammers,  the  former  one  a  single  standard. 


Fig.  394. 


Thwaites  &  Carbutt's  Double-acting  Steam  Hammer. 


These  hammers,  of  which  Fig.  394  illustrates  one  of  3  tons,  are 
more  nearly  upon  the  mould  of  the  original  Nasmyth  hammer  than 
perhaps  any  now  made.  They  are  excellent  tools,  however. 

Condie’s  patent  hammers,  with  the  hollow  hammer  head  or  mov¬ 
able  cylinder,  are  exhibited  in  two  examples  by  Allan  C.  Wylie 
(1747),  London,  the  successor  of  the  patentee,  whose  lights,  we 
believe,  have  expired.  Fig.  395  shows  the  general  construction 
of  these  well-known  tools.  We  believe  the  largest  hammer  made 
on  this  plan  has  been  about  7  or  8  tons. 
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In  the  foreign  department,  very  few  steam  hammers  or  any  other 
tools  of  percussion  are  exhibited. 

In  Belgium,  we  believe,  a  hammer  with  an  aquatic  anvil,  after 
the  manner  of  Imray’s,  is  shown. 

Amongst  those  in  the  French  division,  is  the  ingenious  little  percus¬ 
sive  tool  of  Ratel(1122),  Saulieu,Cote  d’Or,  for  sharpening  scythes,  by 
the  method  very  commonly  employed  in  the  south  of  Europe  only  (by 
hand)  in  lieu  of  our  whetstones,  viz.,  continually  hammering  out,  the 
slightly  hardened  steel  of  the  blade,  to  a  new  thin  edge  as  it  wears ; 
a  thing  that  might  be  worth  a  thought  on  the  part  of  our  own  edge- 
tool  makers,  and  mowers. 

Fig.  305. 


the  gland.  An  excellent  account  of  this  hammer  in  detail,  will  bo 
found  in  Armengaud’s  “  Moteurs  a  Vapeur,”  Paris,  1861. 

In  Sweden,  Baron  Wrede  (275),  Stockholm,  exhibits  steam 
hammers,  and  so  does  Schwartzkoppf  (1282),  Berlin,  in  the  Prussian 
division,  one,  stated  to  be  patented. 

Except  these,  we  are  not  aware  of  any  tools  of  this  group  shown 
by  any  foreign  exhibitor. 

In  none  of  the  tools  exhibited,  is  the  want  of  having  them  in 
working  condition,  so  apparent  and  decisive  as  in  these  hammers. 
In  the  absence  of  actual  work  done,  upon  a  common  standard 
object,  and  with  reference  to,  a  known  volume  of  steam,  at  given 


Fig.  306. 


Condie's  Steam  Hammer. 


Farcot’s  Steam  Hammer. 

tension,  consumed  in  a  given  time ;  comparison  between  the  numer¬ 
ous  forms  exhibited  is  perfectly  impracticable,  and  the  judgments 
uttered,  and  upon  which  medals  have  been  given  or  withheld,  are 
worth  nothing  almost.  In  the  last 

GROUP  V. - TOOLS  OF  INFLECTION, 

which  we  have  to  notice  amongst  those  dealing  with  metals,  are  some 
of  considerable  interest.  Besides  the  ordinary  forms  of  plate-bend¬ 
ing  rollers,  as  shown  by  P.  Fairbairn  &  Company  (1504),  Leeds,  we 
have  Madame  Sinibaldi’s  (1710),  London,  chain  link  bending  ma¬ 
chine,  and  some  machines  for  straightening  railway  bars.  Gustaff- 
sou’s  (260),  Jonkoping,  Sweden,  for  making  rolled  nails ;  and  in 
the  French  department  the  very  interesting  automatic  machine  of 
Do  Dietrich  &  Company  (1093),  Niederbron  (Bas  Rhin),  for 

2  R 


We  have  also  a  tolerably  large  steam  hammer,  with  a  square  ham¬ 
mer  bar,  by  M.  Farcot,  exhibited  by  Varrall,  Ehvell,  &  Poulot 
(1193),  Paris. 

This  steam  hammer  presents  some  original  peculiarities.  It  is 
illustrated  in  Fig.  396  in  section  vertically  through  the  cylinder,  and 
hollow  framing,  &c. 

The  frame  of  the  standard  is  hollow,  and  forms  a  steam 
reservoir,  in  which  the  steam  is  constantly  kept  at  a 
pressure  of  about  two  atmospheres  (the  boiler  pressure 
being  from  five  to  seven  at  most)  by  means  of  a  self¬ 
acting  equilibrium  valve.  This  reservoir  is  constantly  in 
communication  with  the  lower  side  of  the  piston,  and  the 
elasticity  of  the  steam  within  it  is  such,  that  it  shall  be 
just  competent,  rapidly  to  bring  up  the  piston  again,  after 
it  has  been  driven  down  by  the  full  pressure  steam  thrown 
in  above  it,  and  after  the  latter  has  escaped  into  the  atmosphere. 
The  loss  of  heat  due  to  the  escape  of  steam,  by  opening  a  free  space 
below  the  piston,  is  thus  avoided.  In  a  word,  it  is  obvious  that  the 
heat  converted  into  dynamic  effect  in  thus  raising  the  hammer,  is 
reconverted  into  heat  again,  by  the  dynamic  effort  of  depressing 
it,  to  make  the  blow. 

The  arrangements  of  the  valves,  and  those  for  reducing,  to  the 
least  possible,  the  wasteful  steam  spaces  above  and  below  the  piston, 
still  providing  steam  cushions  at  both  ends  the  cylinder,  are  highly 
ingenious.  There  are  several  other  advantages  claimed  for  this 
hammer  by  the  inventor,  to  the  certainty  of  which  we  are  not  pre¬ 
pared  at  once  to  accede ;  amongst  these  is  the  supposed  advantage 
of  the  square  hammer  bar,  which  appears  to  us  neither  to  steady 
the  blow,  nor  to  have  any  chance  of  long  remaining  steam-tight  in 
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bending,  at  a  red  heat,  the  wrought-iron  spokes  of  railway  waggon 
wheels  to  the  exact  form  to  cast  into  the  cast-iron  of  the  nave. 

There  are  numerous  exhibitors  of  hand  tools,  such  as  the  excel¬ 
lent  gib  wrenches  of  Ferrabee  & 

Company  (1597),  Stroud ;  but  these 
scarcely  come  within  our  proper 
limits. 

In  concluding  our  notice  of  tools 
for  working  in  metals,  we  cannot 
but  remark  the  slight  advances 
made  by  ourselves,  since  1851,  in 
any  branches  but  those  of  special 
tools,  and  these  mainly  called  forth 
by  Bellona,  either  on  land  or  at 
sea.  Abroad  there  was  much  more 
room  for  progress,  but  it  has  been 
amply  filled  up,  by  our  continental 
rivals,  during  the  decade,  some  of 
whom,  now  run  with  our  best, 
shoulder  to  shoulder. 

CLASS  II. - WOOD-CUTTING  TOOLS. 

The  expansion  indicated  in  this 
class  of  tools  since  1851,  is  per¬ 
haps  as  remarkable  as  anything  in 
the  shape  of  progress  in  the  whole 
Exhibition.  Eleven  years  ago  a 
very  few  tools  of  quite  a  makeshift  and  temporary  character,  with 
the  exception  of  the  wood  carving  machinery,  comprised  the  whole 
shown ;  now  there  are  whole  trains  of  wood-cutting  machines,  and 
by  many  makers,  few  of  which  have  not  claims  to  meritorious 
notice ;  and  very  many  present  the  perfection  of  design  and  propor- 


work,  machines  for  copying  flat  work  —  we  believe  Jordan’s  as 
employed  at  the  Houses  of  Parliament,  unaltered. 

Smith,  E.  (1717),  Sheffield,  produces  another  pointing  and  carv¬ 


ing  machine  for  objects  in  relief;  and  Miers  (1658),  London,  a 
machine  for  cutting  geometrical  forms. 

SPECIAL  MACHINES.— Bissel  (1558),  Wolverhampton,  shows  a 
very  good  and  convenient  form  of  flooring  and  bench  cramp,  adapted 
to  joist3  up  to  four  inches  thick,  and  with  a  powerful  pinch ; 


Fig.  307. 


Powis  &  Company’s  Combined  Timber  and  Deal  fcawiiig-irame. 


Side  Elevation.  AYorssam’s  Patent  Sawing-frame.  End  Elevation. 


tion,  and  the  beauty  of  workmanship  and  finish,  that  have  hitherto 
belonged  only  to  the  metal-working  class  of  tools. 

CARVING  MACHINES.— Cox  &  Son  (1579),  London,  exhibit  at 


Board  (1559),  Bristol,  an  aualogous  tool  for  veneering;  Grafton 
(1609-10),  London,  machinery  for  cutting  cask  and  barrel  staves, 
as  employed  at  the  Royal  Arsenal,  Woolwich.  Greenwood  & 
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Batley  (1610),  Leeds,  exhibit  a  beautifully  designed  and  executed 
machine,  for  cutting  out  the  complex  forms  required  for  bedding 
the  locks  of  the  Enfield  rifles  into  the  stock.  There  is  no  more 


The  United  States,  whence  so  many  wood  working  machines  have 
emanated,  do  not  show  any,  and  the  chief  indication,  of  what  they 
have  accomplished  in  this  field,  consists  in  the  buggy  and  waggon 


Fig  403. 


Fig. 401. 


End  Elevation. 


Worssnm's  Self-acting  Saw  Bench. 


Side  Elevation. 


exquisitely  perfect  machine,  for  its  object  and  in  style  of  execution, 
in  the  building,  than  this. 

In  the  foreign  departments,  Mareschal  (1099),  Paris,  exhibits  a 
well-contrived  lathe  upon  the  Blanchard  principle,  specially  for 
cutting  out,  by  a  pattern,  shoe  lasts,  which  it  cuts  right  and  left 
handed,  from  one  pattern,  which  may  be  either  right  or  left. 


Fig.  402. 


Powis  &  Company’s  Band  Saw. 


De  Dietrich  &  Company  (1093),  Niederbron,  Bas  Rhin,  show  a 
lathe  on  the  same  principle,  for  turning  the  spokes  of  wheels  for 
waggons. 


spokes,  shown  amongst  the  products  in  Class  6,  by  Blanchard  & 
Brown  (19),  Ohio. 

GENERAL  TOOLS — SAWS. — Powis  &  Company  (1G88),  London, 
exhibit  their  combined  timber  log  and  deal  sawing  frame  (Fig.  397) 
for  24  inch  logs,  or  two  deals  24  inches  by  7  inches.  It  is  driven 
from  above,  will  cut  round  timber,  is  provided  with  80  feet  of  rail 
for  the  two  log  carriages,  which  are  fitted  with  double  screw  clips, 
and  a  transverse  slide,  to  allow  the  curve  of  a  crooked  log  to  be  fol¬ 
lowed.  Machines  are  made  to  take  twenty-four  blades,  with  a  stroke 


Fig.  403. 


Greenwood  &  Batley’s  Band  Saw. 


of  18  inches,  and  running  at  1G0  to  180  strokes  per  minute.  The 
details  of  this  machine  are  well  considered. 

Worssam  &Co.  (1745),  Chelsea,  who  have  one  of  the  finest  collec¬ 
tions  of  wood-working  tools,  and  drawings  of  same,  in  the  Exhibition, 
produce  another  patent  portable  deal  frame  (Figs.  398  and  399). 
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This  is  capable  of  taking  24  blades,  though  usually  employed 
with  a  smaller  number,  and  will  take  at  once,  two  deals  of  1 4  inches 
by  4  inches,  and  cut  them  into  thin  leaves.  This  saw  frame  stands 
nearly  independent  upon  its  bed  plate,  and  it  is  provided  with  an 


The  same  firm  produce  drawings  of  their  self-acting  circular  saw 
bench  (Figs.  400  and  401),  an  extremely  well  devised  tool.  It  is  fitted 
with  a  self-acting  motion  (as  seen  in  the  figure)  for  pulling  up  the 
stuff  to  the  saw,  which,  when  the  bench  is  used  as  a  mere  plain 
circular  saw  for  rough  work,  is  quite  out  of  the  way.  The  fence 


Worssam’s  Small  Moulding  Machine. 
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liemier  &  Arbey's  Circular  Saw,  with  Movable  Spindle. 


air  cylinder,  seen  on  top  in  the  figure,  which  balances  by  the  atmos¬ 
pheric  pressure  below  the  piston,  the  weight  of  the  saw  frame  and 
blades,  so  that  no  counterbalance  on  the  fly  wheel  is  needed  ;  and 
hence  the  latter  also  runs  truly  in  balance — an  important  point  i:i  such 
6\vift-running  machinery.  The  feeding  arrangement,  which  brings 
the  timber  up  against  the  saws  after  each  stroke,  is  on  Worssam’s 
patent,  which  works  silently,  and  with  any  adjustment  as  to  rate  of 
6peed,  at  will.  It  is  a  beautiful  adaptation  of  the  principle  of 
diagonal  friction  clutch,  and  extremely  simple,  but  could  only  be 


l’owis  &  Company’s  l’lantng  Machine. 

made  intelligible  by  detailed  drawings.  For  20  blades,  these  recip¬ 
rocating  saw  mills  weigh  3^  tons,  and  require  an  average,  on  soft 
wood,  of  5  horse  nominal  power,  with  a  30  inch  driving  pulley, 
making  180  revolutions  per  minute. 


plane  is  made  to  kant  to  45°.  The  spindle  of  steel  revolves  in  three 
pair  of  gun  metal  bearings.  It  is  stated  by  the  makers  that  one 
bench  will  cut  2300  super  feet  of  deals  per  hour ;  a  33  inch  diameter 
saw  requires  5  horse  power  nominal,  revolving  1000  times  per 
minute. 

Amongst  the  land  saws  three  of  the  most  noteworthy  are  the 
following :  —  Worssam’s,  in  which  the  saw  pulleys  are  covered 
with  leather,  upon  which  the  saw  blade  runs  smoothly  and 
with  a  good  grip.  The  top  pulley  is  adjustable,  and  held  up  by 
springs,  so  as  to  keep  up  a  uniform  and  yet  yielding  tension  upon 
the  blade,  which  runs  between  wood  packing 
boxes.  Band  saws  take  much  more  power 
than  their  appearance  would  suggest.  At 
400  revolutions  per  minute  and  30  inch 
pulleys,  2  horse  power  nominal  are  required 
for  this  one. 

Fig.  402  is  the  band  saw  of  Powis,  James, 
&  Company  (1G88),  London,  generally  like 
in  character  to  the  preceding,  but  with  hollow 
framing,  and  fitted  with  the  exhibitor’s 
patent  adjustment  for  the  tension  of  the 
blade. 

Fig.  403  is  the  band  saw  of  Greenwood  & 
Batley  (1 G10),  Leeds.  In  the  two  former 
band  saws,  the  blade  always  remains  plumb 
while  at  work,  and  the  table  upon  which 
the  work  is  placed  is  capable  of  being  kanted, 
either  way,  within  certain  limits,  so  as  to  cut 
bevel  work  either  to  a  constant  or  variable 
angle  ;  but  in  this  saw  the  table  is  a  fixture, 
and  always  horizontal,  while  the  saw  blade 
itself,  with  the  pullies  and  framing,  are 
prepared  to  oscillate  round  the  point  where 
the  saw  intersects  the  table,  and  so  to 
change  the  angle  of  intersection  for  the  like 
object.  The  mode  generally  by  which  this 
is  effected  will  be  obvious  from  the  illustration.  The  saw  worked 
pretty  fairly  when  tried  in  the  building  in  our  presence ;  but  we 
scarcely  think  this  an  improvement  on  the  old  forms.  The  mass  that 
has  to  move  with  the  blade  is  large,  and  much  of  its  weight  is  in  rapid 
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Fig  407. 


Dernier  and  Arbey— Machine  for  Striking  Mouldings. 


jnotion.  These  band  saws  at  best  are  “  kittle  things,”  and  very 
easily  broken,  and  the  danger  of  this  appeared  rather  increased  than 
diminished  here.  Kinder’s  patent  guide  for  preventing  blade  fracture 
is  attached  to  this  machine.  The  delicacy  of  these  machines  (which 
are  quite  a  new  creation  since  1851)  is  so  great,  that  nothing  but  theii 


potatoes,  and  the  projecting  ends  are  soldered  together  between  these. 
The  cold  raw  roots  absorb  the  heat  conducted  along  the  blade, 
without  letting  it  pass  them  to  the  parts  beyond. 

Fig.  409. 


astonishing  power  of  “  walking  into  ”  the  wood,  and  the  almost  sen¬ 
tient  way  in  which  they  cut  round  the  most  rapid  curves,  and  steer 
through  the  most  rapid  changes  of  obliquity,  lias  promoted  their  diffu¬ 
sion  to  the  great  extent  already  found.  At  the  Arsenal,  Woolwich, 
they  have  been  employed  for  a  considerable  period  in  cutting  out  all 
sorts  of  crooked  forms,  such  as  saddle  trees  and  the  thin  wooden 
linings  now  employed  for  the  iron  scabbards  of  cavalry  swords.  At 


Powis’  Mortising  Machine. 

In  the  foreign  department  there  are  several  French  saws.  That 
of  Bernier  &  Arbey,  Fig.  404,  (1092),  Paris,  to  the  eye  contrasts 

Fig.  410. 


Fig.  4 OS. 


Kinder’s  Universal  Wood-sliaping  Machine. 


first,  a  blade  when  broken,  was  thrown  aside  as  useless ;  a  work¬ 
man  in  the  carriage  department  found  the  means  of  brazing  the  ends 
together  again,  without  destroying  the  temper  of  any  large  portion 
of  the  blade.  The  broken  ends  are  run  through  two  large  raw 


Greenwood  &  Kinder’s  Wood-mortising  Machine. 

unfavourably  with  British  tools,  from  its  heavy  timber  framing,  but 
has  a  nice  adjustment  for  the  projection  of  the  saw  above  the  table. 
Perin  (1094),  Paris,  shows  a  band  saw,  at  work  fret  cutting,  which 
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works  with  great  truth  and  beauty,  on  complex  designs,  cutting 
through  very  thick  pieces  of  hard  wood. 

Zimmerman  (2323),  Saxony,  produces  a  band  saw  for  cutting 


Fig.  411. 


Bernier  &  Arbey — Mortising  Tool. 

railway  break  blocks,  and  several  other  well-executed  wood-cutting 
tools,  including  moulding,  planing,  tenoning,  and  mortising.  We 
regret  that  our  limits  preclude  more  fully  noticing  them  as  they 
deserve. 

PLANING,  EDGING,  TONGUEING,  GROOVING,  TIIICKNESSING,  AND 
MOULDING  MACHINES. — One  of  the 

best  tools  of  this  class  exhibited  is 
that  shown  in  Fig.  405  by  Powis, 

James,  &  Company.  It  takes  in  any¬ 
thing  up  to  12  inches  wide  by  6  inches 
thick,  and  operates  upon  all  four  sides 
together,  by  revolving  cutters  when 
employed  as  a  planing  machine.  It 
has  a  variable  feed,  to  suit  it  for 
striking  mouldings.  The  cutter  heads 
are  forged  solid  on  the  spindle,  to 
avoid  danger  of  flying  off.  There  is 
great  accessibility  to  all  its  parts. 

Worssam  &  Company’s  heavy  plan¬ 
ing  machines  have  fixed  cutters  (plane 
irons  in  fact)  for  removing  the  shavings 
from  the  lower  horizontal  surfaces  of  the 
timber,  and  the  iron  blocks  in  which 
these  are  adjusted  are  removable,  so 
as  to  avoid  loss  of  time  in  introducing 
sharp  cutters.  The  general  arrange¬ 
ment  seems  to  us,  not  as  simple  or 
good  as  the  preceding.  Fig.  40G  shows 
Worssam’s  small  moulding  machine 
for  single  mouldings,  up  to  G  inches, 
by  3  or  4  inches.  The  wood  is  brought 
forward  over  the  quite  unencumbered 

table  by  feed  rollers  at  a  rate  of  from  12  to  20  feet  per  minute,  and 
the  table  rises  or  falls  so  as  to  take  in  different  thicknesses.  As 
exhibited,  this  machine  has  also  bottom  plane  irons,  and  one  side  or 


edging  cutter.  Though  a  small  machine,  it  requires  three  horse¬ 
power  nominal,  as  might  be  imagined  from  the  rate  the  wood 
passes  through  it. 

Amongst  the  foreign  tools  of  this  type,  none  Fig.  412. 
deserve  notice  more  than  the  moulding  machine 
of  Bernier  &  Arbey  ( machine  a  pousser  les 
moulurcs ),  the  general  construction  of  which 
is  here  clearly  shown  in  Fig.  407.  Along 
with  this  group  of  wood-workers,  we  must 
place  Kinder’s  patent  universal  wood- shaping 
machine,  as  exhibited  by  the  makers,  Green¬ 
wood  &  Battley  (1610),  Leeds.  This  machine 
is  unquestionably  a 
most  remarkable  ex¬ 
ample  of  ready  adap¬ 
tability  to  the  produc¬ 
tion  of  an  almost  in¬ 
conceivable  variety  of 
forms,  regular  or  ir¬ 
regular,  by  extremely 
simple  means.  It  is 
in  fact  a  mechanical 
slave,  taking  from  the 
workman’s  mind  the 
task  he  requires,  and 
relieving  his  muscles 
of  almost  all  exertion.  It  is  shown  in  general  elevation  in 
Fig.  408,  and  consists  essentially  of  certain  cutter  blocks,  stand¬ 
ing  above  a  table  and  revolving  on  vertical  axes,  with  capability 
of  almost  endless  variations  and  adjustments.  The  table  itself 
being  also  movable  with  respect  to  these  cutters  to  any  height  or 
any  angle,  or  bendable  by  a  superimposed  flexible  surface  to  take 
curved  work  laid  on  it.  What  the  machine  can  do,  would  take 
a  pamphlet  to  describe ;  it  will  plane,  cut  edges,  form  regular  or 
winding  bevels,  work  oblique  sections  of  irregular  figures,  cut  tenons 

Fig.  415. 


Bernier  &  Arbey — I’lan  of  Mortise  Drilling 


413. 


Elevation. - 


Worssam  &  Co.’s  Mortising  Machine. 

with  shoulders  of  any  pitch,  groove,  rabbate,  sink  hollows  of  all  sorts 
of  irregular  or  regular  forms  and  bases,  strike  beads  and  mouldings 
on  straight  or  curved  edges — and  more  besides. 
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By  its  inventor,  it  has  been  proposed  as  an  implement  for  every 
class  of  joinery — cabinet-making,  wheel -wrigh  ting,  agricultural  imple¬ 
ment,  and  cart  making,  &c.,  &c.  Our  limits  will  only  permit  us  to 


l'ig.  41G. 


Powis  &  Company’s  Double  Tenon  Machine. 

refer  thus  to  it,  and  to  direct  such  of  our  readers  as  “  desire  more 
acquaintance  with  ”  this  mechanical  Puck,  to  the  pamphlet  descrip¬ 
tive  of  the  machine,  published  by  the  inventor. 

Worssam  &  Company’s  general  joiner  is  a  tool  something  of  the 
same  idea  as  to  result  as  the  preceding,  and  possessed  of  great  merit, 
though  of  less  capability. 

MORTISING  MACHINES. — After  sawing  and  planing,  we  advance 
to  those  machines,  which  begin  the  formation  of  the  timbers  into 
structures.  One  of  the  simplest  of  the  mortising  machines  exhibited 
is  that  of  Bissell  (1558),  Wolverhampton  ;  an  eccentric  sector 

Fig.  417. 


■Whine’s  Dovetailing  Machines. 

works  into  a  rack  at  the  back  of  the  slide,  so  as  to  increase  the 
range  of  the  chisel,  as  the  momentum  of  the  blow  gathers.  Powis 
&  Company’s  patent  combined  mortising,  tenon-cutting,  and  boring 


machine  (Fig.  409)  is  an  extremely  simple  and  well-contrived  tool. 
It  is  a  hand-wrought  machine  with  self-acting  feed — a  small  but 
wondrously  labour-saving  tool.  Its  principal  actions  will  be 
obvious  upon  inspection  of  the  figure.  The  transverse  horizontal 
feed  motion  is  automatic. 

Greenwood  &  Battley  produce  a  wood  mortising  machine  on  Green¬ 
wood  &  Kinder’s  patent  (Fig.  410).  This  h  a  far  more  elaborate 

tool  than  the  last,  and  the  most  com¬ 
plete  of  its  type  we  have  seen.  It 
is  driven  by  power,  is  replete  with 
adjustments,  and  in  style  of  execu¬ 
tion  equal  to  the  best  metal  cutting 
tools.  Its  great  peculiarity  is,  that 
the  mortise  chisel  commences  its 
own  mortise,  without  the  need  of 
any  preliminary  bored  hole.  The 
first  stroke  at  one  end  of  the  in¬ 
tended  mortise  just  pricks  the  wood, 
the  next  blow  is  deeper,  and  so  it 
increases,  blow  by  blow,  until  the 
other  end  and  the  full  depth  of  the  mortise  are  reached.  Then  by 
a  single  movement,  the  wedged  face  and  flat  back  of  the  chisel  are 
reversed,  and  the  chisel  travels  back  with  a  full  stroke,  until  it  com¬ 
pletes  the  mortise  at  the  point  where  it  set  out.  The  action  of  the 
chisel  is  released  by  the  foot,  as  is  seen  in  the  figure. 

In  the  French  department  the  mortising  machines  of  Bernier  & 
Arbey  will  be  found  to  have  taken  another  model,  and  to  have  been 
derived  from  the  slot  drilling  machine  of  metal  working.  This  will 
be  seen  in  Figs.  411,  412,  and  413. 

The  hollow  bit  bores  the  mortice  as  the  piece  clamped  to  the 
sliding  table  is  moved  to  and  fro,  and  presents  the  form  of  cut 
shown  in  Fig.  412.  The  ends  are  afterwards  cut  out  square  by 
hand  or  by  another  machine.  This  may  do  for  hard  woods,  but 
for  soft  ones,  we  suspect,  must  prove  greatly  inferior  to  our  English 
tools  by  direct  cross  cut. 

Figs.  414  and  415  are  the  patent  mortising  machine  of  Worssam  & 
Co.,  the  cutting  tool  of  which  is  very  curious.  It  is  an  American  screw 
auger,  rapidly  driven  and  working  within  a  four-sided  chisel ,  which 
rather  more  than  circumscribes  the  diameter  of  the  auger.  The 
point  of  the  latter  is  always  a  little  in  advance  of  the  chisel,  so  that 
a  round  hole  is  bored  by  the  rapidly  revolving  auger,  whose  cuttings 
are  cleared  out  through  apertures  above,  in  the  sides  of  the  surround¬ 
ing  prismatic  chisel ;  and  directly  after  the  square  chisel  plunges 
down,  and  clears  out  the  four  corners,  and  so  makes  the  round 
hole  a  square.  By  advancing  grcidatim  laterally,  of  course,  any 
length  is  given  to  the  cavity,  which  thus  becomes  a  mortise.  This 
is  quite  a  self-acting  tool,  and  one  that  will  no  doubt  act  better 
and  better  as  its  size  is  enlarged,  and  probably  act  best  on  hard 
;  woods.  It  is  a  tool  well  adapted  to  railway  carriage  making  or 
shipbuilding. 

Robinson  &  Sons  (1G95),  Rochdale,  exhibit  a  large  collection  of 
wood  w'orking  tools,  of  nearly  all  the  types  to  which  we  have  already 
referred ;  all  merit  to  be  well  spoken  of,  though  we  do  not  think 
they  present  either  the  strength  or  symmetry  of  framing  of  some 
other  exhibitors. 

One  of  their  tools,  the  mortising  engine,  which  completes  a 
mortise  without  the  need  of  a  preliminary  hole,  is  especially  worthy 
of  notice  and  commendation.  They  also  exhibit  a  grinding  machine 
for  sharpening  the  moulding  cutters  (or  irons  as  they  used  to  be 
called,  in  hand-work  days),  in  which,  we  believe,  they  stand  alone 
in  the  Exhibition. 

TENON-CUTTING  MACHINES. — Many  of  this  group  are  exhibited, 
none  without  some  points  of  excellence.  Amongst  the  most  note¬ 
worthy  is  that  of  Powis  &  Company,  (Fig.  416),  a  double  tenon¬ 
cutting  machine  for  the  heaviest  class  of  railway  carriage,  or  other 
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framed  work.  It  is  self-feeding,  and  Las  a  fast  return  movement 
after  tho  work  has  passed  the  cutters. 

Worssam  &  Company  also  exhibit  heavy  tools  of  this  type,  along 
with  others. 

Drawings  of  Whine’s  patent  dovetailing  machine  (Fig.  417)  are 
also  exhibited  by  Worssam  &  Company.  This  machine,  when  well 

Fig.  418. 


Bernier  &  Arbey'o  Double  Tennou  Machine. 

made  and  properly  worked,  is  perhaps  at  present  the  ne  plus  ultra 
of  wood  working  tools.  It  cuts  out  and  finishes  dovetails,  cuts  out 
racks  for  bookcases,  and  executes  a  number  of  other  tasks  for  the 

cabinetmaker,  in  any  wood,  hard 
or  soft,  with  the  finish  of  the 
best  craftsman,  and  in  less  time 
than  it  would  take  him  to  scribe 
out  his  work.  It  is  employed  at 
Deptford  Dockyard,  amongst 
other  places.  The  mechanical 
reader  will  gather  its  general  con¬ 
struction  by  examination  of  the 
figure.  Space  forbids  our  enter¬ 
ing  upon  any  further  description 
of  it. 

In  the  foreign  departments  we 
have  in  this  group  again  the  tools 
of  Bernier  &  Arbey  of  Paris  ; 
and  it  will  be  of  some  interest 
to  English  mechanics  to  present 
here  the  result  of  the  very  diffe¬ 
rent  way  in  which  the  same  pro¬ 
blem  presents  itself  to  the  mind 
of  the  French  constructor  and  of 

Bernier  Arbev’s  mode  of  fixing 

involving  Cutters.  our  own  countrymen. 

In  one  example  of  the  single 
or  double  tenon  machine,  the  framing  is  partly  of  cast-iron  and  partly 


of  timber.  The  advance  of  the  piece  is  effected  by  hand,  and  the 
arrangement  and  fastening  of  the  changeable  revolving  cutters  is 
shown  in  Figs.  419  and  420.  It  is  stated  that  this  machine  will 
cut  200  tenons  per  hour;  but  this,  we  must  presume,  depends  upon 
depth  and  size,  &c.  Fig.  418  shows  a  machine  of  the  same  type, 
but  framed  in  cast-irou,  for  large  shipbuilding  and  railway  carriage 
work. 

W  here  iron  remains  as  dear,  as  unwise  legislation  and  the 
sovereignty  of  n  tnral  gifts,  have  so  far  made  it  in  France,  her 
mechanics  show  their  wisdom  in  making  use  of  the  materials 
they  have  cheapest  and  fittest.  The  heavy 
wood  framing  of  the  foreign  tools,  then,  though 
it  offends  our  eyes,  made  fastidious,  by  our  own 
ability  lavishly,  to  apply  the  more  graceful 
cast-iron,  ought  to  excite  our  admiration  for 
the  judicious  and  skilful  way  in  which  the 
humbler  material  is  here  employed. 

WOOD-TURNING  LATHES.— Of  these  there 
are  several,  of  which  perhaps  the  most  inte¬ 
resting  is  a  Blanchard  lathe  exhibited  by 
Greenwood  &  Batley  (1G10),  Leeds,  which 
although  set  for  spoke  turning,  is  capable  of 
perfect  universality  in  copying  any  form  of 
model.  Lathes  of  this  type,  but  of  a  larger 
size,  may  be  seen  at  work  in  the  Royal  Carriage 
Department,  Woolwich  Arsenal,  turning  the 
large  square  trail  pieces  of  field  guns.  One  of 
the  most  interesting  forms  of  French  wood 
lathe  is,  we  believe,  not  exhibited,  namely,  the 
“machine  k  canneler  droit  et  torse,  spiral- 
ment  ” — that  by  which  nearly  all  the  beauti¬ 
ful  twisted  French  cabinet  work  is  wrought. 
It  is  wholly  different  from  the  Blanchard 
lathe. 

HAND  TOOLS. — Of  these  Shelfi  .ld  shows  an  abundance,  but  no 
collections  are  so  remarkable  as  those  in  the  foreign  departments. 
Bernier  &  Arbey  are  makers  of  these  on  a  large  scale,  and  their 
illustrated  catalogues  present  many  tools,  in  forms  to  which  the  eye 
of  the  English  workman  is  unaccustomed.  A  much  larger,  indeed 
the  largest  collection,  of  wood-working  manual  tools  exhibited,  are 
those  by  Steiner  (2723),  Lauptheim,  and  Vogel  (2724),  Ulm  and 
Lauptheiru,  both  in  the  kingdom  of  Wlirtemberg.  These  will  well 
repay,  on  the  part  of  the  mechanic,  a  careful  study,  although  the 
few  hand  tools  that  we  are  content  with  are  generally  better  executed. 
Zeylaud  (1284),  Posen,  Prussia,  exhibits  also  some  planes  with 
double  and  single  irons,  and  without  wedges,  worthy  of  examination. 

The  future  of  wood-working  machinery  is  full  of  hope  to  the  con¬ 
structor,  and  of  promise  to  mankind.  Up  to  the  present  brief  span 
of  its  still  infantile  existence,  it  has  found  its  value  chiefly,  in  saving 
time  and  labour  amidst  our  dense  labouring  population  at  home,  and 
supplying  the  domestic  wants  of  that  amazing  tide  of  human  migra¬ 
tion  that,  until  recently  inNorth  America,  upon  a  frontier  of  more  than 
20°  of  latitude,  steadily  overflowed  1°  of  longitude  per  annum,  upon 
the  untrodden  west.  Wood  tools  have  yet,  however,  scarcely  reached 
our  own  great  distant  colonies,  where  timber  is  a  drug  and  labour 
scarcest.  It  is  in  dealing  with  the  Blue  gums  and  the  thousand 
other  hard  and  valuable  woods  there,  from  their  very  felling  in  the 
natural  forest  to  the  fashioning  into  forms  for  use  or  export,  such 
as  spokes,  wheels,  felloes,  and  a  thousand  other  such,  that  wood¬ 
cutting  tools  are  yet  destined,  to  play  their  most  distinguished 
part. 


Fig.  419. 


SECTION  H. 

MANUFACTURES  AND  MANUFACTURING 
MACHINES. 


1.— TEXTILE  MACHINERY  AND  MANUFACTURES. 

By  W.  Johnson,  Esq.,  C.E.,  M.I.M.E.,  and  M.I.C.E. 

HE  textile  manufactures  of  Great 
Britain  and  Ireland  take  the  first 
rank  in  the  industrial  pursuits  of 
the  entire  world  ;  and  yet — with  the 
single  exception  of  flax,  of  which  we 
produce  but  a  very  small  proportion 
of  what  we  work  up — no  raw  textile 
material  is  grown  in  our  islands. 
British  coal,  iron,  mechanical  skill, 
perseverance,  and  partly  geographi¬ 
cal  position,  enable  us,  in  the  face 
of  the  prime  drawback  of  non-pro¬ 
duction  of  material,  to  beat  the 
world  in  the  manufacture  of  all  the  substantial  classes  of  spun  and 
woven  goods. 

The  foundation  of  our  existing  great  manufacturing  system  maybe 
said  to  have  been  laid  in  1701 ;  but  it  was  not  until  1764,  when  Ark- 
wrightgave  us  the  first  cotton-spinning  machine,  that  the  manufacture 
actually  began  to  grow  into  a  solid  systematic  form.  At  the  beginning 
of  the  eighteenth  century  Great  Britain  imported  annually  something 
under  2,000,000  pounds  weight  of  cotton,  which  was  chiefly  worked 
up  into  the  very  insignificant  article  of  candle  wicks.  Now  the 
British  imports  amount  to  about  1,000,000,000  pounds  weight  of 
raw  cotton,  resulting,  when  worked  up  into  yarns  and  cloth,  in  a 
selling  value  of  £70,000,000.  The  people  employed  in  this  gigantic 
trade  number  400,000,  and  the  cognate  manufactures  in  woollen, 
worsted,  linen,  and  silk,  furnish  the  means  of  existence  to  304,000 
more. 

What  has  lately  happened  in  the  United  States  of  America,  to 
which  country  we  have  always  hitherto  looked  for  the  supply  of 
raw  material,  has  naturally  led  to  an  unlooked  for  shortness  of  supply, 
and  this  difficulty  has  equally  naturally  caused  the  manufacturer  to 
look  to  other  sources  to  make  up  the  deficiency.  India,  so  long 
neglected  as  a  cotton-growing  country,  has  been  found  of  the  highest 
value  in  this  respect,  and  in  1861  that  country  was  able  to  send  us 
3,250,000  cwts.  of  cotton.  Indian  cotton  has  long  been  largely  used  in 
this  country  for  mixing  with  higher  qualities  of  fibre,  so  as  to  be 
available  in  the  manufacture  of  coarse  and  low-priced  goods ;  but 
this  enormous  increase  in  the  amount  sent  over,  and  the  necessity  of 
using  it  in  default  of  better  material,  gave  rise  to  a  difficulty  in  the 
manufacture.  The  great  mass  of  Indian  cotton  is  very  short  in  the 
staple,  and  largely  mixed  with  foreign  matters.  Hence,  in  those 
factories  where  it  is  now  extensively  used,  the  textile  machinist  has 
found  a  large  occupation  in  remodelling  the  existing  machinery, 
whilst  he  has  also  been  called  in  to  devise  and  make  new  gins  and 


cleaners  for  export  abroad,  for  the  more  effectual  cleaning  of  the 
fibre  on  the  soil  where  it  is  grown.  By  perseverance  on  the  part 
of  the  mechanic,  and  energy  on  that  of  the  manufacturer,  it  is  now 
found  that  not  only  can  the  Indian  fibre  be  far  more  largely  used  for 
mixing  with  that  of  American  growth,  but  that  it  can  be  judiciously 
spun  alone  up  to  far  higher  “  numbers”  than  had  been  previously 
deemed  possible. 

A  well-arranged  textile  factory  presents  perhaps  the  most  ele¬ 
gantly  refined  example  of  mechanical  ingenuity,  in  its  application  to 
convertive  or  manufacturing  purposes,  to  be  found  in  the  world. 
From  the  initial  cleaning  and  “  preparation”  and  mixing  of  the  fibres, 
to  the  final  production  of  the  white  or  printed  cloth,  each  stage  in 
the  process  is  marked  with  beauties  of  adaptation,  and  an  admirable 
dovetailing  together  of  the  many  operations,  not  elsewhere  to  be 
found.  The  mere  twisting  together  of  the  fibres  of  cotton,  so  as  to 
produce  a  comparatively  rugged-looking  yarn,  does  not  appear  to 
involve  any  great  difficulty,  and  yet  upon  this  simple  process  patient 
thought  and  mechanical  skill  have  been  jointly  lavished  to  an  extent 
which  is  positively  wonderful.  The  combined  arrangement  of  all 
the  parts  of  a  working  cotton  mill  are  very  clearly  shown  by  Mr.  H. 
Ilewkin  of  Oldham,  who  exhibits  a  well  executed  model  of  a  modern 
cotton  factory. 

When  the  first  Great  British  Exhibition  was  projected  for  1851, 
much  concern  was  excited  as  to  how  our  show  of  the  staple  machi¬ 
nery  of  the  country  would  support  our  claim  to  be  the  instructors  of 
the  world  in  this  special  industrial  branch.  The  result  in  most  cases 
far  more  than  exceeded  the  expectations  then  formed,  and  it  was  to 
be  expected  that  this,  the  succeeding  Exhibition  of  1862,  would  fully 
bring  out  practical  evidence  of  the  immense  progress  in  mechanical 
design  and  construction  which  the  eleven  intervening  years  had 
developed.  In  this  it  may  be  fairly  said  that  there  is  no  room  for 
disappointment,  for  the  Exhibition  does  represent  in  the  most  com¬ 
plete  manner  all  that  has  been  accomplished  in  the  time  to  which  we 
have  alluded.  We  have  spread  before  us,  in  one  grand  combined 
view,  examples  of  every  mechanical  contrivance  of  value  in  the  con¬ 
version  of  raw  cotton  into  yarn  and  woven  goods.  Here  the  inquirer 
may  see  at  one  view,  every  process  which  the  raw  fibres  undergo, 
from  the  time  the  imported  bale  is  opened,  until  the  intended  goods 
are  completed. 

By  far  the  most  complete  and  effective  exposition  of  the  textile 
manufactures  of  our  country,  is  embodied  in  the  magnificent  suite  of 
machinery  arrayed  by  the  Messrs.  Platt  Brothers,  of  the  Hartford 
Iron  Works,  Oldham.  From  this  collection  the  observer  may  make 
himself  acquainted  with  the  entire  process  of  the  cotton  manufacture, 
from  the  cleansing  of  the  raw  cotton  to  the  final  appearance  of  the 
woven  goods,  as  they  appear  issuing  from  the  loom.  When  the  raw 
cotton  fibres  are  first  plucked  from  the  cotton  tree,  they  are  largely 
mixed  with  the  seeds  of  the  plant  and  other  woody  fibrous  matters, 
which  adhere  very  closely  to  the  workable  fibres,  and  must  be 
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removed  prior  to  any  attempt  at  their  manufacture  proper.  For  this 
purpose  the  machine  known  as  a  “gin”  is  used,  and  the  type  of  the 
apparatus  employed  for  this  purpose  is  that  known  as  the  “Churka 
gin.”  an  Indian  contrivance,  involving  nothing  more  in  its  actual 
operative  mechanism  than  a  pair  of  parallel  rollers,  one  of  wood  and 
one  of  steel,  working  in  contact,  and  geared  together  so  as  to  travel 
at  the  same  rate.  The  uncleaned  cotton  being  passed  through  these 
rollers,  the  fibres  alone  are  drawn  through  them,  whilst  the  seeds  and 
other  foreign  matters  are  dropped  clear  of  them.  In  Messrs.  Platt 
&  Richardson’s  improved  Churka  gin  (represented  in  Fig.  421) 
founded  upon  this  contrivance,  the  cotton  is  spread  out  upon  an 


Fig.  421. 


endless  travelling  lattice  or  moving  feeder,  and  this  lattice  conveys 
the  cotton  within  the  range  of  the  spiked  rollers,  the  first  of  which 
lays  hold  of  the  cotton,  whilst  the  second,  revolving  at  a  much  higher 
rate,  fills  the  spikes  with  cotton;  the  third,  moving  at  a  rate  inter¬ 
mediate  between  the  other  two,  prevents  the  second  roller  from 
carrying  pieces  of  the  cotton  on  its  surface.  A  comb,  having  a  cir¬ 
cular  vibratory  motion,  is  employed  for  conveying  the  cotton  to  the 
actual  Churka  rollers,  which  are  held  in  contact  by  weighted  levers, 
a  knife  being  employed  to  keep  the  steel  roller  clear  of  cotton, 
whilst  the  knife  frame  also  carries  a  leather-covered  roller,  working 
in  contact  with  the  wooden  roller,  and  the  knife  and  the  contact 


roller  together  keep  the  steel  roller  from  being  wrapped  with  cotton, 
whilst  the  wooden  roller  is  cleared  by  a  fluted  roller  working  beneath 
it  on  the  delivery  side.  The  produce  of  this  machine  is  about  600 
pounds  of  cotton,  cleaned  from  hard  seed,  per  week. 

A  double-acting  Macarthy  gin  (Fig.  422),  by  the  same  inventors, 
explains  the  improvements  made  in  this  country  upon  the  original 
contrivance.  The  principle  of  this  variety  of  gin  consists  in  the  use 
of  a  leather-covered  roller,  grooved  spirally  on  its  surface,  and  made 
to  revolve  110  times  per  minute.  A  thin  steel  plate  presses  upon 
its  face,  and  there  is  a  wire  grid  on  which  the  seed  with  its  attached 
fibre  is  forced,  so  as  to  come  in  contact  with  the  face  of  the  roller, 
and  the  spiral  groove  action  draws  the  fibres  under  the  steel  plate 
until  the  seeds  come  in  contact  with  its  edge.  Whilst  the  fibres 
are  held,  the  seeds  are  pushed  off  by  the  edge  of  a  bar  which  has  a 
vertical  vibratory  motion.  The  addition  of  an  endless  travelling 
lattice  is  a  great  improvement  in  the  feeding,  as  also  is  the  adapta¬ 
tion  of  a  set  of  primary  rollers,  the  last  of  which  is  spiked,  to  separate 
the  cotton  tufts.  The  tufts  are  transmitted  to  the  actual  Macarthy 
roller  by  a  circular  vibratory  comb,  and  two  bars,  with  a  vertical 
vibratory  motion,  are  applied  for  pushing  the  seeds  from  the  fibre 
whilst  they  are  held  by  the  steel  plate.  A  24-inch  machine  can 
turn  out  1 000  pounds  of  clean  cotton  weekly. 

The  contributions  of  Messrs.  Dobson  &  Barlow  of  Bolton  also 
embody  a  complete  series  of  opening,  cleaning,  preparing,  and  spin- 
ing  machinery.  The  gin  which  they  show  is  of  American  invention. 
By  the  peculiar  arrangement  of  the  lower  knife  operating  in  concert 
with  the  cleaning  rollers — this  knife  being  adjustable  by  three 
screws — any  kind  of  cotton  can  be  treated  by  it.  As  the  seeds  are 
pulled  up  by  the  fibre  of  the  cotton  being  drawn  in  between  the 
lower  knife  and  the  grooved  roller,  an  upper  knife,  in  its  dawn 
stroke,  pushes  the  seeds  farther  back,  and  so  strips  them  from  the 
cotton,  which  is  drawn  in  and  passed  under  the  roller.  This 
arrangement  is  specially  intended  for  foreign  use.  A  12-inch  one 
cleans  ten  pounds  of  cotton  per  hour,  when  simply  driven  by  hand. 

The  ginning  process  is  effected  by  the  cotton  grower,  who  disposes 
of  the  cleaned  fibre  in  a  pressed  bale  form  to  the  broker  or  manufac¬ 
turer.  Considerable  practical  skill  is  necessary  for  the  judicious 
“  mixing  ”  of  the  contents  of  the  bales  for  the  production  of  different 
varieties  of  yarn.  The  cotton  when  unbaled,  is  spread  in  layers,  so 
as  to  form  a  stack  or  “  mixing,”  the  cotton  being  taken  vertically 
from  the  sides  as  required  to  supply  the  “opener.”  This  mixing 
thus  constitutes  the  first  actual  process  of  manufacturing  the  cleansed 
fibre.  The  second  process  is  the  “opening”  or  the  disintegration  of 
the  compressed  fibres,  and  the  extraction  of  whatever  foreign  matters 
may  be  present  The  opener  (Fig.  423)  embodies  a  long  rectangular 
frame,  having  an  endless  feed  lattice  at  one  end,  on  which  the  cotton 
is  roughly  spread  by  hand.  A  longitudinally  ribbed  roller  takes  the 
cotton  from  the  lattice  to  a  pair  of  fluted  feed  rollers,  which  again 
deliver  it  to  the  first  of  a  series  of  four  cylinders  having  twelve  rows 
of  teeth  on  its  circumference,  the  other  three  having  only  four  rows. 
All  these  work  in  the  same  direction  at  the  rate  of  1000  revolutions 
per  minute.  They  are  all  cased  solidly  in  on  the  upper  side,  a  grid 
being  fitted  beneath  for  dirt  to  pass  through,  as  well  as  a  perforated 
portion  for  the  escape  of  dust.  As  the  cotton  reaches  the  first  cylin¬ 
der,  the  teeth  strike  it  from  the  feed  rollers  and  pass  it  over  the  grid 
and  perforated  plate,  delivering  it  to  the  second  cylinder,  where  it 
receives  a  blow  equal  to  the  force  of  both  cylinders.  After  passing 
all  four  cylinders,  the  last  one  drives  the  cotton  over  a  grid  to  the 
back  of  two  wire  cylinders,  from  which  it  is  taken  off  by  a  pair  of 
rollers  to  a  delivery  lattice.  A  fan  is  employed  for  exhausting  the 
two  w'ire  cylinders  and  driving  away  the  dust.  Messrs.  Dobson  & 
Barlow’s  “  opener,”  or  first  process  machine  after  ginning,  has  two 
operating  spiked  cylinders,  one  placed  above  the  other.  The  feed 
rollers  are  made  with  a  set  of  annular  grooves  and  ribs  fitting  into 
each  other,  the  tops  of  the  ribs  being  fluted  to  hold  the  cotton  sufii- 
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straight  grid  to  a  pair  of  exhausting  dust  cylinders  of  wire.  From 
these  cylinders  it  is  stripped  by  a  pair  of  rollers,  and  then  passed 


Fig.  422. 


ciently  without  crushing  the  seeds  or  foreign  matters  which  may  be 
present  in  the  fibres.  The  diameter  of  the  cylinders  is  30  inches, 
and  each  carries  ten  wrought-iron  plates,  each  plate  having  fixed  in 
it  twenty-eight  wrought-iron  steel-faced  opening  teeth.  The  feed 
rollers  are  made  with  a 
series  of  annular  grooves 
and  ribs  fitting  into  each 
other ;  the  tops  of  the  ribs 
are  fluted,  and  hold  the 
cotton  sufficiently,  without 
crushing  the  seeds  or  shells  which  may 
be  in  it.  This  machine  is  adapted  for 
opening  and  cleaning  any  kind  of  cotton, 
whether  it  be  long  or  short  staple.  They 
are  made  with  either  up  or  down  drafts, 
and  occupy  very  little  room,  the  one 
exhibited  being  a  double  machine,  oc¬ 
cupying  about  the  same  space  as  the 
ordinary  single  machine.  The  cotton  is 
now  thoroughly  opened  and  cleaned,  and 
is  ready  for  the  third  process,  or  scutch¬ 
ing  and  lapping  in  the  machine,  repre¬ 
sented  in  Fig.  424.  The  cotton  is  taken 
from  the  opener  in  a  fleece  form,  and  is 
fed  into  the  opener  and  lapper  in  one 
of  two  ways,  one  being  by  spreading  the 
cotton  uniformly  upon  the  lattice,  as 
divided  into  sections  for  the  reception  of 
a  given  weight,  for  passing  to  the  feed 
rollers.  By  another  arrangement,  the 
lattice  and  feed  rollers  are  driven  at 
speeds  varying  with  the  thickness  of  the 
cotton  supplied.  If  a  thick  feed  ensues, 
the  rise  of  the  upper  roller  sets  a  cone 
pulley  driving  arrangement  to  work  upon 
a  slower  speed ;  but  when  a  thin  portion 
of  feed  occurs  the  converse  ensues,  so 
that  a  supply  of  cotton  as  nearly  uniform 
as  possible  is  presented  to  the  ope¬ 
rating  cylinders.  The  first  of  these,  fur¬ 
nished  with  twelve  rows  of  teeth,  strikes 
the  cotton  and  passes  it  over  a  circular 
grid  to  a  revolving  beater  with  three 
blades,  and  the  latter  then  passes  it  over  a  second  circular  grid  and  a  |  through  a  second  set  of  two  pairs  of  feed  rollers,  running  at  a  higher 
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rate  than  the  first,  and  thereby  delivering  a  thinner  fleece  to  the 


second  beater,  whence  it  is  again  passed  over  another  series  of  parts 
as  before.  The  last  pair  of  wire  cylinders  revolve  at  a  speed  three 
times  that  of  the  feeder,  so  that  the  fleece  actually  delivered  is  only 
one  third  the  thickness  of  that  primarily  supplied  to  the  machine. 
The  cotton  so  treated  is  now  formed  into  a  roll  or  “  lap,”  and  this 
is  effected  by  the  lap  machine  attached  to  the  scutcher,  and  really 
forming  part  of  the  machine.  The  cotton,  as  delivered  in  the  manner 
last  stated,  is  received  by  four  calender  rollers  set  one  above  the 
other,  so  that  the  fibres,  in  passing  through  them,  receive  three 
several  compressions.  The  fleecy  cotton  is  then  guided  and  drawn 
by  a  series  of  rollers,  so  as  to  be  wound  upon  an  iron  tube  slightly 
tapered,  from  which  it  is  easily  withdrawn  in  its  coiled  form.  In  the 
further  process,  a  second  scutcher  and  lapper  is  used,  and  three  of 
the  “  laps  ”  made  by  the  first  machine  are  placed  upon  it,  so  as  to  be 
uncoiled  by  the  feed  traverse  of  the  lattice.  In  this  way  the  fibres 
are  more  intimately  mixed,  and  the  fleece  itself  is  turned  out  of  a 
more  uniform  character  than  would  otherwise  be  the  case.  In  a 
new  scutching  and  lapping  machine,  also  shown  by  Messrs.  Platt, 
more  uniform  currents  are  obtained,  as  well  as  laps  possessing  a 
superior  amount  of  cohesion.  The  toothed  cylinders  work  in  com¬ 
bination  with  a  beater  with  knives,  instead  of  with  a  beater  only; 
and  a  more  uniform  fleece  is  produced  by  a  variation  in  the  speed 
of  the  feed  roller.  The  feed  rollers  are  also  cased  with  steel  of  the 
Bessemer  class,  and  Lord’s  patent  feeder  is  applied  to  to  them. 

Messrs.  Dobson  &  Barlow  and  Messrs.  Walker  &  Hacking  also 
show  first-rate  examples  of  scutching  and  lapping  machines. 

The  fifth  process  is  that  of  carding,  and  the  first  carding  engine 
continues  the  operation  from  the  lap  machine  to  the  “  drawing 
frame  ”  by  a  species  of  combing  process.  When  coarse  yarns  are 
to  be  spun,  single  carding  only  is  used  in  effecting  the  change  from 
a  lap  fleece  to  a  “  sliver” — the  latter  being  the  first  approach  which 
is  made  to  the  yarn  form.  For  finer  yarns,  as  well  as  for  coarse 
yarns  made  from  the  best  classes  of  cotton,  two  carding  engines  are 
used,  one  being  a  “  breaker,”  or  primary  operator,  and  the  other  a 
“  finisher  ” — the  laps  for  the  latter  being  produced  from  slivers 
delivered  by  the  breaker  to  a  machine  called  a  “  lap  doubler.”  By 
this  process  the  fleece  from  the  lap  machine  has  its  fibres  made 
parallel  by  a  combing  and  straightening  action — extreme  parallelism 
in  the  fibres  being  in  fact  the  great  secret  of  the  perfection  of  spinning. 
Fig.  425  is  a  view  of  a  breaker  carding  engine  which  combines  a 
taker-in ;  three  self-stripping  dirt  rollers,  the  invention  of  Mr.  Ads- 
head;  whilst  the  remainder  of  the  upper  surface  of  the  main  cylinder 
is  covered  with  rollers  and  clearers.  The  lap  on  its  roller  is  placed 
at  the  back  of  the  engine,  with  the  ends  of  the  holding  rods  in  vertical 
slots  in  end  guide  plates,  the  lap  itself  resting  upon  a  horizontal 
roller  driven  by  gearing  from  the  engine.  It  is  this  roller  which 
governs  the  unwinding  of  the  lap,  the  fleece  being  passed  from  it  to 
a  feed  roller,  and  thence  to  a  taker-in.  It  is  here  where  the  carding 
action  really  begins ;  for  whilst  the  fleecy  web  is  held  by  the  feed 
rollers  run  at  a  low  speed,  the  taker-in,  running  much  faster,  operates 
repeatedly  upon  each  individual  fibre  by  its  card  teeth  or  wire  points 
with  which  its  surface  is  covered.  As  the  fibres  are  combed,  sepa¬ 
rated  impurities  fall  to  the  floor,  and  the  taker-in  passes  the  cotton 
as  released  from  the  feed  roller  to  the  main  cylinder,  also  covered 
with  card  teeth,  and  revolving  in  a  direction  opposite  to  that  of  the 
taker-in.  The  points  of  the  card  teeth  incline  in  the  direction  of 
the  revolution  of  the  cylinder,  and  the  toothed  surface  in  passing 
conveys  the  fibres  to  the  self-stripping  dirt  rollers,  also  covered  with 
card  teeth,  pointed  to  face  those  of  the  main  cylinder,  and  contrived 
to  hold  all  impurities  received  to  be  carried  forward,  and  be  after¬ 
wards  stripped  by  a  vibratory  comb,  and  thence  removed.  As  these 
dirt  rollers  revolve  very  slowly,  they  assist  in  stretching  the  fibres, 
as  well  as  in  collecting  the  dirt.  The  fibres  thence  pass  beneath 
the  first  clearer  to  the  first  carding  roller,  the  inclined  teeth  of  which 
also  face  those  of  the  main  cylinder,  and  they  operate  to  straighten 
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the  fibres,  and  divide  whatever  tuft  may  remain;  this  roller 
holding  the  fibres  in  its  teeth  back  to  be  stripped  by  the  clearer, 
and  the  latter  again  delivers  them  to  the  cylinder  to  be  again 
divided  by  the  same  roller.  The  five  rollers  and  clearers  all  repeat 
this  operation  until  the  tufts  are  finally  reduced  to  straight  fibres 
which  pass  on  to  the  doffer,  also  covered  with  wire  teeth  which  face 
the  cylinder,  and  the  fibres  are  again  stretched  whilst  on  its  surface, 
and  they  are  eventually  stripped  from  its  surface  by  the  doffing 
comb  or  tooth-edged  bar,  having  a  rapid  vertical  reciprocatory 
action.  The  diagram  (Fig.  426)  represents  the  action  of  the  cards 
in  opening  out  the  fibres  of  the  cotton,  and  laying  them  parallel. 
Here  A  and  B  are  portions  of  two  cards,  and,  as  they  move  in  oppo¬ 
site  directions,  the  cotton  tufts  between  them  are  seized  by  both 


rollers,  and  be  converted  into  a  sliver  for  deposit  in  a  revolving  can. 
As  the  sliver  leaves  the  carding  engine,  it  is  passed  through  a  funnel 
in  the  cover  of  the  machine,  and  thence  through  a  small  pair  of 
revolving  rollers  beneath,  and  these  take  it  and  deliver  it  through  a 
tube  and  revolving  plate  to  the  rear  in  regular  coils.  The  breaker 
carding  engine  (Fig.  425),  also  involved  in  the  fifth  process,  is  a 
good  example  of  the  special  machine  which  prepares  the  fibres  for 
the  finisher  carding  engine,  before  reaching  which  latter,  however, 
the  fibres  pass  through  a  lap  doubler  (Fig.  428),  forming  the  sixth 
process  in  the  series.  It  is  this  machine  which  forms  the  slivers 
from  the  breaker  card  into  a  fleece,  coiling  them  into  a  lap.  It  is  a 
very  simple  contrivance,  but  its  operation  involves  a  very  important 
feature  in  the  manufacture  as  regards  the  effecting  the  regularity 
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Platt’s  Bleaker  Carding  Engine. 


Fig.  426. 


sets  of  teeth — one  set  pulling  one  way  and  the  other  in  the  reverse 
direction,  producing  a  duplex  combing  action.  The  forward  transit 
of  the  fibres  through  the  engine,  is  effected 
by  causing  one  of  an  opposed  pair  of  card¬ 
ing  rollers  to  take  up  all  the  fibres  from  its 
neighbour.  This  is  done  by  reversing  the 
relative  positions  of  the  two  sets  of  teeth, 
as  in  the  diagram  (Fig.  427).  Here,  if  A  is 
drawn  over  B,  the  teeth  of  the  latter  exert 
no  power  to  lay  hold  of  the  fibres,  and  A 
consequently  removes  them  all  to  its  own 
teeth.  The  fibres  are  thus  detached  in  a  web-like  form,  and  this 
web  is  then  contracted  through  a  funnel  to  be  received  by  the  drawing 


Diagram  of  the  Carding 
Action  of  the  Wire  Teeth. 


of  layer,  and  parallelism  of  fibres.  In  this  example  the  feeding 

table  forms  the  section  of  a  cone,  and  two  rows  of  holding  cans  are 

placed  on  each  side  of  it.  The  table  carries 

two  pairs  of  rollers  set  parallel  with  each  side,  _  F‘s'  427‘ 

and  these  take  the  slivers  from  the  cans  and  S|m|||||||||i||||||ijfn* 

deliver  them  to  the  table  surface.  As  the  ^\\\\\\\\\\\\\\\\\\\\\\\\\ 

slivers  pass  from  the  cans  they  traverse  through  lllllllllllllllllllll[i[H/ 

holes  in  a  bar  of  iron  so  arranged  as  to  guide  JllllllllllllllllllB  llllll 

them  over  a  curved  plate,  beneath  which  is  a 

revolving  shaft  having  a  boss  fitted  with  three  Action' for  carrying  the 

wings  opposite  each  sliver.  A  small  double  fibres  Forward. 

lever  is  fitted  upon  a  stationary  centre  on  the  upper  edge  of 

the  curved  plate,  and  this  being  heavier  on  the  one  side  than  on 
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the  other,  takes  up  a  vertical  position  in  contact  with  one  of  the 
wings  of  the  revolving  shaft.  The  upper  ends  of  these  levers 
project  above  the  plate,  and  they  are  pressed  down  by  the  passage 
of  the  slivers  over  them.  This  forms  the  self-acting  stop  action 
for  operating  when  a  sliver  breaks — the  shaft  being  free  to  revolve 
until  a  breakage  allows  the  lever  to  fall,  when  the  stoppage  of  the 
shaft  puts  in  motion  a  cam  which  shifts  the  driving  strap  to  the 
loose  pulley.  This  contrivance  effectually  prevents  all  chance  of 
“  singles,”  and  preserves  the  uniformity  of  the  thickness  of  the  line 
of  fibres.  Two  slivers,  one  from  each  side,  pass  up  the  centre  of 
the  table,  close  to  each  other,  from  the  the  apex  of  the  cone,  and 
the  rest  are  arrayed  in  equal  divisions  to  fill  the  table.  The  lap 
machine  is  at  the  wide  end  of  the  table,  and  its  taking-in  rollers 
draw  the  sliver  over  or  along  the  table.  The  lap  winder  is  the 
same  as  that  employed  for  the  scutcher,  but  the  laps  in  this  case  are 
wound  upon  wooden  bobbins  for  conveyance  to  the  cards,  these 
bobbins  being  weighted  by  Knowles’  patented  motion,  consisting  of 
an  iron  roller  which  presses  upon  them,  whilst  their  ends  are  formed 


by  an  endless  chain  of  card  flats.  The  teeth  of  these  card  flats  face 
those  of  the  main  cylinder,  and  the  flats  are  so  adjusted  with  refer¬ 
ence  to  the  latter,  that  each  combs  the  fibres  as  they  pass  round 
upon  the  main  cylinder.  The  continuous  slow  traverse  of  the  chain 
of  flats  causes  the  separated  impurities  to  be  carried  forward  as 
each  flat  comes  out  of  effective  operation,  a  front  vibratory  comb 
being  employed  to  strip  them  off,  leaving  each  flat  clean  and  ready 
for  use  again  as  it  comes  round.  After  passing  these  flats,  the 
fleece  is  again  combed  and  delivered,  as  in  the  breaker  card. 

A  great  many  varieties  of  carding  engines  are  shown  by  different 
makers — the  “  self-stripping  ”  motion  being  the  chief  object  of 
ambition  on  the  part  of  the  several  designers.  The  automatic 
stripper  for  “  top  flats,”  shown  by  Messrs.  Dobson  &  Barlow,  as  the 
invention  of  Mr.  Wellman,  presents  superior  trueness  in  the  strip¬ 
ping  action,  and  it  is  always  ready  whenever  the  engine  is  set  at 
work.  The  gearing  movement  for  the  stripping  arm  is  particularly 
ingenious  and  simple. 

The  visitors  to  the  Great  Exhibition  of  1851  will  well  remember  the 


Fig.  42S. 


against  revolving  washers,  guided  in  their  centres,  without  spindles, 
so  as  to  facilitate  the  removal  of  the  laps. 

In  Ashworth’s  patent  lap  machine,  shown  by  Messrs.  Dobson  & 
Barlow,  the  cotton  slivers  are  received  from  the  breaker  card  to  be 
formed  into  a  solid  even  lap,  ready  for  the  finisher.  There  are 
twenty-four  cans  or  slivers  placed  behind  the  machine,  each  of  them 
furnished  with  a  stopping  motion ;  so  that  if  any  of  the  cans  are 
empty,  or  any  of  the  slivers  break,  the  machine  will  stop  and  pre¬ 
vent  waste  or  spoiled  work.  It  has  also  an  apparatus  which  stops 
the  machine  when  the  laps  have  attained  a  sufficient  length ; 
another  feature  in  this  machine  is,  that  the  plates  in  contact  with 
the  “  selfedges  ”  of  the  lap  revolve  with  it,  and  thus  there  is  no 
felting  together  of  the  fibres  of  cotton  at  the  edges;  but  the  lap  is 
unwound  without  any  licking  or  waste  of  cotton. 

The  combing  and  cleaning  action,  one  involving  the  seventh 
process,  is  commenced  by  the  breaker  card,  and  continued  by  the 
finisher  card  (Fig.  429).  This  finisher  is  supplied  with  laps  from 
the  lap  doubler,  of  96  slivers  from  the  breaker  card,  to  insure 
uniformity.  The  taker-in  roller  at  the  back  of  the  machine  combs 
the  fleece  from  the  feed  rollers,  and  conveys  it  to  the  large  central 
main  cylinder,  a  portion  of  the  upper  surface  of  which  is  covered 


I  great  attractive  effect  produced  by  the  wire  card-setting  machine 
exhibited  by  Mr.  Thomas  Crabtree  of  Halifax — an  effect  secured 
partly  by  the  beautiful  accuracy  with  which  the  multiplicity  of 
card  and  other  movements  worked  in  concert,  and  partly  by  the 
speed  and  regularity  with  which  the  coil  of  wire  was  severed  into 
the  requisite  lengths,  bent,  and  entered  at  the  same  time  into  per¬ 
forations  then  and  there  made  for  the  purpose  in  the  plain  fillet  or 
band  of  holding  material ;  which  latter  is  simply  passed  in  its  empty 
or  unfilled  condition  through  the  machine  by  rollers,  and  turned  out 
completely  studded  with  wire  card  teeth.  Prior  to  the  introduction 
of  automatic  machinery  for  this  purpose,  the  “setting”  was  entirely 
accomplished  by  child  labour;  the  perforation  of  the  sheet  or  band 
of  holding  material,  and  the  cutting  and  bending  of  the  wire  teeth 
only  being  accomplished  by  mechanical  aid  in  separate  and  distinct 
processes.  Mr.  Crabtree  now  exhibits  an  improved  card-setting 
machine  deserving  of  favourable  comment — as  well  for  the  beautiful 
accuracy  of  execution  of  its  intricate  movements,  as  for  some  sound 
practical  improvements  upon  the  older  machinery  of  the  kind. 
These  improvements  consist  in  the  employment  of  duplex  action  or 
“counter”  tappets  or  differential  cams  for  giving  the  required  series 
of  movements,  instead  of  using  single  cams,  with  helical  and  other 
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springs,  to  give  the  return  action.  Springs  are  at  all  times  unsafe 
details  in  mechanical  combinations,  particularly  those  of  rapid 
action ;  they  are  by  no  means  certain  in  their  operation,  whilst 
they  vary  in  strength  during  working,  and  frequently  fail  altogether. 
But  by  the  adoption  of  duplicate  or  counter  tappets,  the  entire 
reciprocatory  actions  are  given  directly  by  the  cam  or  tappet  sur¬ 
faces  themselves.  Thus,  both  the  back  and  forward  movements 
are  given  with  equal  accuracy,  whilst  minute  adjustments  are 
rendered  quite  easy.  The  whole  of  the  movements  are  obtained 
from  a  single  tappet  shaft.  The  wire  is  coiled  upon  a  holder  on  the 
top  of  a  vertical  shaft,  and  it  is  gradually  unwound  by  a  set  of 
“  feed-leaves,”  which,  at  each  movement,  take  in  a  supply  of  wire 
sufficient  for  bending  into  a  single  card  tooth  of  two  points.  The 
wire  so  taken  in  is  then  severed  by  a  pair  of  knives,  and  the  severed 
length  is  then  held  by  a  mouth-piece,  crown,  and  tongue,  until  a 
pair  of  fingers  bend  and  form  the  staple,  and  afterwards  carry  it 


Fig.  430. 


front,  is  of  the  same  tenuity  as  the  individual  slivers  originally  fed 
in  this  drawing  process  is  repeated  three  times. 

The  diagram  (Fig.  430)  represents  the  special  action  of  tin's  elon¬ 
gating  and  parallelizing  process.  As 
the  conjoined  slivers  are  taken  in  by 
the  back  rollers,  A,  the  higher-speeded 
rollers,  b,  running  at  increased  speed, 
take  up  a  correspondingly  greater 
length  of  sliver,  in  a  given  time,  than 
is  given  off  by  the  rollers,  A,  and  thus 
the  first  elongation  takes  place.  Then  as  the  pair,  c,  take  up  a 
greater  length  than  that  given  off  by  the  pair  B,  and  the  pair  d  have 
a  similar  effect  as  regards  c,  the  attenuating  process  is  gradual 
throughout  the  series,  until  delivered  by  the  front  rollers  to  the 
can.  To  obtain  the  full  value  of  the  drawing  process,  it  is  essen¬ 
tially  necessary  to  adjust  the  distances  of  the  centres  of  the  rollers 


Diagram  of  the  “Drawing” 
Action. 


Platt’s  Finisher  Carding  Engine. 


forwards  and  enter  it  into  holes  in  the  fillet,  which  holes  have  just 
been  made  by  a  duplex  pricker.  A  “  crocker  ”  afterwards  bends 
the  staple,  and  thus  forms  the  tooth  after  the  insertion  of  the  wire 
into  the  fillet.  The  peculiar  pattern,  according  to  which  the  teeth 
are  to  be  disposed  in  setting,  is  determined  by  a  separate  cam  wheel 
on  the  main  shaft. 

Arkwright’s  memorable  invention  of  the  drawing  frame  now  comes 
into  play,  and  forms  the  eighth  process.  We  have  already  got  the 
fibres  cleaned,  carded,  and  straightened,  and  partially  drawn  out 
into  slivers  or  ribands ;  and  it  is  now  doubled,  and  further  drawn 
by  passing  a  set,  say  six  ends,  of  slivers  through  a  series  of  four 
pairs  of  rollers,  each  pair  running  at  a  different  speed,  the  ratio  of 
speed  between  the  back  and  the  front  pair  being  as  1  to  6.  In  this 
way  the  combined  slivers  are  drawn  out,  as  it  were,  six  times ;  and 
six  thicknesses  being  taken  in  at  the  back  or  feed  end  of  the 
machine,  it  follows  that  the  drawn  out  sliver,  as  delivered  at  the  | 


to  suit  the  length  of  “staple”  of  the  cotton  fibres.  If  too  close 
together,  the  fibres  will  be  broken  by  being  held  by  the  two  neigh¬ 
bouring  pairs  of  rollers  at  the  same  time.  If  too  far  asunder,  the 
evenness  of  drawing  must  necessarily  be  affected.  “  Single  ”  is 
prevented  here  also  by  passing  each  sliver  over  a  distinct  balance 
lever  guide.  So  long  as  the  lever  is  kept  depressed  by  the  presence 
of  the  sliver,  the  rollers  continue  in  motion  ;  but  in  case  of  fracture 
the  release  of  the  lever  from  the  sliver  action  causes  it  to  come  in 
contact  with  a  “  spider,”  which  possesses  a  circular  vibratory 
motion,  and  this  operates  upon  a  catch  box  communicating  with 
the  stopping  strap  fork. 

The  drawing  frames  shown  by  Messrs  Platt  have  Bes¬ 
semer  steel  rollers,  and  Leigh’s  top  rollers  with  revolving  bosses. 
They  have  also  a  top  clearer  pendant  upon  hinges,  and  fitted 
with  an  endless  cloth,  which  clears  the  top  rollers  by  travelling 
over  them.  A  tumbler  stop  motion  is  also  fitted  for  effecting 
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the  stop  when  the  sliver  fails  between  the  front  rollers  and  the 
calender. 

We  now  come  to  the  operation  which  effects  the  first  step  in 
twisting  the  fibres  into  an  actual,  but  coarse  thread.  This  is  termed 
slubbing,  and  it  takes  the  ninth  position  in  the  series.  The  single 
slivers,  produced  as  just  described,  are  passed  from  their  cans  at  the 


roller  of  the  frame,  descends  through  the  tubular  centre  piec  e  of  the 
flyer,  then  passes  down  one  of  the  tubular  arms  of  the  flyer,  and  finally 
emerges  through  an  eye  in  the  spring  presser  arm,  D.  From  what 
has  been  already  said  as  to  the  difference  in  the  rates  of  the  spindle 
and  flyer,  it  will  be  at  once  seen  how  the  winding  upon  the  bobbin 
arises,  whilst  the  primary  twist  is  given  to  the  slider  by  the  flyer 


Platt’s  Roving  Frame. 


back  of  the  slubbing  frame,  through  three  pairs  of  rollers  which  are 
Fig.  431.  speeded  to  give  an  elongation  of  five  to  one. 

After  quitting  these  rollers,  the  elongated  sli¬ 
vers  severally  pass  to  correspondingly  arranged 
spindles,  set  in  a  double  row  along  the  front  of 
the  frame.  Each  spindle  has  fitted  on  its  upper 
end  a  bent,  double-legged,  tubular  “  flyer,” 
embracing  the  bobbin  which  is  passed  upon 
the  spindle.  Both  the  spindles  and  bobbins 
revolve,  but  at  different  rates,  so  as  to  effect  the 
winding-on  of  the  slubbing  as  fast  as  it  is 
twisted,  the  slubbing  being  passed  down  one  of 
the  tubular  legs  of  the  flyer,  to  reach  the  bobbin. 

As  the  bobbins  are  filled  with  slubbing  they 
are  “  doffed  ”  from  the  spindles,  and  set  in  pairs 
in  a  creel  or  holding  frame  at  the  back  of  what 
is  called  the  intermediate  frame,  forming  the 
link  of  manufacture  between  the  slubbing  and 
the  roving  processes.  This  intermediate  frame 
operates  in  the  same  manner  as  the  primary 
slubber ;  but  in  it  the  bobbins  are  set  in  pairs, 
and  double  ends  are  passed  through  three  pairs 
of  drawing  rollers.  From  these  rollers  the 
Detail  Of  the  slubbing  cl°uble  ends  pass  individually  to  spindles  and 
‘Bobbin  and  Fly’ Action,  flyers  of  a  smaller  size  at  the  front  of  the 


frame,  and  the  reduced  slubbing  is  there  wound  upon  corresponding 
smaller  bobbins.  The  detailed  view  (Fig.  431)  represents  the  “bob- 
bin-and-fly”  action  of  the  slubbing  frame;  A  is  the  slubbing  spindle 
carrying  the  flyer,  b.  The  slider,  c,  as  it  issues  from  the  delivering 


arm.  Fig.  432  is  a  similar  view  of  the  roving  bobbin  and  flyer 
movement.  These  bobbins  are  then  taken  in  Fig.  432. 
pairs  to  the  roving  frame  (Fig.  433),  being  the 
eleventh  process,  and  double  ends  are  passed 
through  the  rollers,  twisted,  and  finally  wound 
upon  still  smaller  roving  bobbins.  To  insure 
the  regular  and  evenly  hard  winding-on  upon 
the  bobbin,  a  spring  presser  is  attached  to  the 
lower  end  of  one  of  the  flyer  legs,  and  it  is  through 
a  hole  in  the  outer  end  of  this  presser  that  the 
roving  passes  in  being  wound  upon  the  bobbin. 

Various  forms  of  pressers  are  used,  some  with 
and  some  without  springs.  In  the  former  case 
the  winding-on  pressure  obviously  increases  with 
the  diameter  of  the  wound-on  roving;  in  the 
latter  it  is  uniform  throughout,  as  the  presser 
is  merely  hung  loosely  to  the  flyer  leg,  and  the  Det(liI  of  the  Roving 
momentum  and  aerial  resistance  remaining  the  Bobbin  and  Fly  Action, 
same,  the  resultant  pressure  is  also  uniform.  In  all  these 
three  machines,  an  entirely  independent  motion  is  necessary 
for  laying  the  slubbings  and  rovings  upon  the  bobbins  in  even 
coils.  To  accomplish  this,  the  bobbin  rail  carrying  the  bobbins 
upon  it  is  made  to  traverse  up  and  down,  so  as  to  cause  each  bobbin 
to  move  upon  its  spindle  from  end  to  end,  a  distance  equal  to  the 
length  of  the  winding-on  space  of  the  bobbin.  The  regulation  of 
the  winding-on  is  effected  by  increasing  or  diminishing  its  speed, 
just  as  the  bobbin  runs  behind  the  flyer,  or  the  flyer  behind  the 
bobbin — both  modifications  being  adopted.  The  speeds  of  the 
front,  or  final  delivering  roller,  and  the  spindle,  are  constant.  In 
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Messrs.  Platt’s  machines  the  bobbin  follows  the  flyer;  of  course 
when  the  bobbin  begins  to  wind  on,  its  speed  is  highest,  and  with 
each  layer  it  is  diminished.  This  differential  action  is  obtained  by 
the  agency  of  a  pair  of  conical  drums,  the  cone  of  one  of  which  is 
concave,  and  the  other  convex,  the  speed  of  the  former  being  con¬ 
stant;  and  the  same  drums  give  motion  to  the  bobbin  rail  for 
transversing  the  bobbins  upon  the  spindles,  thus  regulating  the 
speed  of  the  traverse  to  suit  the  constantly  increasing  diameter 
of  the  filling  bobbins.  The  length  of  the  drums  is  arranged  to  suit 
the  diameter  of  the  bobbins  to  be  filled,  so  that  when  the  strap 
connecting  the  two  drams  has  been  traversed  from  end  to  end, 
the  bobbin  has  attained  its  full  extent  of  winding-on,  and  the 
frame  stops. 

Mr.  John  Mason  of  Rochdale,  who  has  achieved  a  large  reputa¬ 
tion,  as  well  for  the  introduction  of  many  of  our  best  modern  improve¬ 
ments  in  textile  machinery  as  for  the  general  excellence  of  his 
workmanship,  shows  some  examples  of  very  important  improvements 

in  slubbing  and  rov¬ 
ing  frames.  He  con¬ 
tinues  the  collar 
bearing  of  the  spin¬ 
dle,  which  is  fixed  to 
the  liftingrail  through 
the  pinion  wheel  up 
the  inside  of  the  bob¬ 
bin  nearly  to  the  top, 
where  the  bearing  for 
the  spindle  is  formed 
as  at  a  in  Figs.  433 
and  434.  To  reduce 
the  friction  the  collar 
is  recessed  internally, 
so  that  the  spindle 
bears  only  at  each 
end.  The  upper  end 
of  the  bobbin  runs  on 
the  spindle  as  usual, 
and  external  friction 
upon  the  collar  is 
prevented  by  its  being 
made  to  pass  at  its 
lower  end  upon  a 
flange,  which  projects 
upon  the  top  of  the  pinion  wheel.  The  bobbin  wholly  covers  the 
collar,  protecting  the  bearing  from  dust,  and  the  top  of  the  flyer 

is  left  quite  clear  for  piec¬ 
ing  up  and  doffing.  Figs. 
434  and  435,  when  com¬ 
pared,  show  at  once  the 
difference  between  this 
and  previous  arrange¬ 
ments  of  the  collar,  the 
bearing  for  the  spindle  in 
one  case  being  at  a  and 
the  other  at  b — an  extent 
equal  to  the  length  of  the 
lift  in  favour  of  Mr.  Mason’s  plan — largely  increasing  the  steadiness 
of  the  spindles.  The  use  of  the  separating  plates,  c  (Fig.  433),  pre¬ 
vents  the  ends  from  entangling,  thus  saving  waste. 

The  differential  or  “jack-in-the-box”  motion  for  regulating  the 
winding-on  of  the  roving  has  also  been  improved  by  Mr.  Mason,  as 
shown  in  the  section  (Fig.  436).  Instead  of  the  ordinary  short  main- 
boss  he  provides  a  long  one,  a.  The  main  shaft  of  this  motion  is  at 
b,  being  supported  by  the  boss,  a,  and  this  boss,  as  usually  made, 
terminates  at  the  pinion,  c.  There,  however,  it  is  prolonged  to  cl, 


and  the  wheels,  c  e,  are  mounted  upon  it  'instead  of  upon  the  shaft. 
This  boss  is  also  chambered  out  for  the  same  purpose  as  the  spindle 
collar  of  the  bobbin  and  flyer  movement. 

The  “throstle”  forms  No.  11  in  the  series  of  processes.  Its  prin¬ 
ciple  is  merely  an  extension  to  finer  purposes  of  the  roving  system. 
Its  use  is  almost  entirely  confined  to  spinning  warp  yarn,  and  wind¬ 
ing  it  on  small  bobbins.  The  rovings,  prepared  as  we  have  seen, 
come  next  to  this  machine,  the  bobbins  being  set  in  holding  creels 
at  the  back.  Each  end  of  roving  is  drawn  through  three  pairs  of 
rollers,  the  relative  speeds  of  the  back  and  front  pairs  being  about 
as  one  to  eight.  After  leaving  the  delivering  roller  the  end  passes 
through  a  fixed  guide  eyelet,  and  thence  it  passes  to  the  spindle  and 
flyer  movement.  The  flyers  are  of  solid  steel,  the  eyelet  for  the 
passage  of  the  yam  through  the  lower  end  of  the  leg  being  formed 
by  a  small  coil  in  the  metal  itself.  The  lower  spindle  rail  is  fixed, 
whilst  the  upper  one  is  movable,  and  the  bobbins  rest  upon  it. 
The  necessary  reciprocatory  vertical  traverse  of  the  bobbins  upon 
the  spindles  for  obtaining  the  even  winding  on,  is  produced  by  a  rack 
and  pinion  movement,  actuated  by  a  “  heart”  or  differential  cam. 
By  this  agency  the  bobbin  is  moved  up  and  down  the  spindle,  past 
the  eyelet  of  the  flyer  leg,  and  the  yam  is  thus  equally  distributed 
upon  the  bobbin,  the  proportions  of  the  heart  being  calculated  so  as 
to  suit  the  varying  necessities  of  the  winding-on  movement.  The 
spindle  and  bobbin  movements  are  differential,  the  spindle  and  flyer 
only  being  directly  driven,  whilst  the  bobbin  is  nominally  quite  free, 
being  only  caused  to  revolve  by  the  tensional  action  of  the  yarn,  whilst 
its  rate  of  movement  is  retarded  by  a  frictional  disc  or  washer  of 
woollen  cloth  placed  on  the  bobbin  rail,  and  upon  which  the  bobbin 
flange  rests.  This  produces  a  species  of  brake  action,  and  the  con¬ 
sequence  is  that  the  yarn  is  wound  tightly  upon  the  bobbin,  the 
tightness  being  regulated  by  the  amount  of  drag  which  the  woollen 
washer  produces.  When  the  bobbins  are  full  the  flyers  are  severally 
lifted  off  the  spindles,  and  the  bobbins  removed  for  conveyance 
either  to  the  warping  mill  for  being  wound  off  into  warps,  or  for  being 
reeled  for  bundling  in  the  hank  form. 

Messrs.  W.  Higgins  &  Sons  of  Salford  show  roving  and  slubbing 
frames,  embodying  important  improvements  in  the  spindle  and  flyer 
motion.  The  spindle  is  effectually  supported  by  a  stationary  tubular 
bearing  or  bolster,  extending  from  the  lower  spindle  rail  to  the  bot¬ 
tom  of  the  flyer.  This  tubular  bearing  is  suspended  on  two  joints 
at  right  angles  to  each  other,  attached  to  the  spindle  rail,  on  which 
it  oscillates,  and  it  is  supported  at  its  upper  extremity  by  a  sliding 
bush  or  bolster  attached  by  two  similar  joints  to  the  copping  rail ; 
so  that,  owing  to  the  compensation  afforded  by  these  joints,  whatever 
may  be  the  irregularities  in  the  action  of  the  copping  rail,  the  bush 
slides  freely  on  the  tubular  bearing.  The  spindle  revolving  inside 
this  tube  is  entirely  unaffected  by  the  traverse  of  the  copping  rail, 
so  that  it  is  impossible  to  bind  it  in  any  position  of  the  rail,  an  evil 
very  prevalent  in  the  common  frame.  There  is  also  a  new  arrange¬ 
ment  for  attaching  the  pinion  to  its  spindle  without  a  set-screw. 
This  is  accomplished  by  squaring  the  lower  end  of  the  spindle,  which 
thus  fits  easily  into  a  square  hole  in  the  pinion.  This  pinion  is 
supported  in  an  independent  bearing,  so  that  the  spindle  can  be 
withdrawn  from  the  frame  and  replaced  without  affecting  the  posi¬ 
tion  of  the  pinion,  rendering  it  easy  to  clean  and  oil  the  frame  in 
half  the  usual  time.  Another  feature  of  novelty  is  contained  in 
Messrs.  Higgins’  improved  cone  frame.  By  this  arrangement  the 
attendant  is  enabled  to  regulate  the  tension  of  the  strap,  and  to  offer 
increased  facilities  for  doffing  and  commencing  a  new  set  of  bobbins. 
By  means  of  these  improvements,  which  give  a  permanent  and  inde¬ 
pendent  support  to  each  spindle,  so  far  as  the  bottom  of  the  flyer,  or 
even  to  the  socket,  if  considered  necessary,  there  is  no  difficulty  in 
maintaining  perfect  steadiness  of  action  at  a  much  higher  velocity 
than  has  hitherto  been  attained  by  the  common  frame;  and  the 
slubbing  frame  now  exhibited,  making  a  bobbin  10  X  5,  will  be 
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worked  at  1000  revolutions  per  minute;  the  roving  frame,  making 
a  bobbin  7  X  3^,  will  be  worked  at  1650  revolutions;  and  the  fine 
roving  frame,  bobbin  4  J  X  2j,  will  be  exhibited  producing  a  50-hank 
roving  with  a  presser,  at  a  velocity  of  2000  revolutions  per  minute 
— a  result  which  has  perhaps  never  hitherto  been  attained. 

A  “  throstle”  on  a  rather  strikingly  peculiar  principle,  the  inven¬ 
tion  of  Mr.  Hall,  is  shown  by  Messrs.  Walker  &  Hacking  of  Bury. 
We  give  a  transverse  vertical  section  and  an  end  view  of  it  in  Figs. 
437  and  438.  It  will  be  seen  that  instead  of  placing  the  spindles 
vertically,  they  are  disposed  at  an  angle.  The  advantages  claimed 
for  it  are  an  increase  of  from  30  to  40  per  cent,  in  speed,  whilst  no 
doffers  nor  any  washer  cloth  are  necessary.  We  do  not  exactly  see 
how,  cceteris  paribus ,  this  superiority  of  speed  is  arrived  at,  but  the 
other  points  are  no  doubt  real  gains.  The  driving  bands — and  here  is 
a  real  advantage — are  two  feet  longer  than  those  of  a  3  feet  6  inch 
throstle.  The  flyers  and  spindles  are  of  cast-iron,  and  the  spindles  work 
in  cast-iron  bearings ;  and  as  all  angular  pulls  are  avoided  in  the 

Fig-  437. 


elongated  the  embryo  yarn  is  presented  at  once  to  the  spindles, 
arranged  in  a  single  line  in  bearings  in  the  front  of  the  carriage.  j 
The  carriage  is  simply  a  long  open  frame  set  upon  wheels,  which 
traverse  upon  rails  on  the  floor,  and  the  spindles  in  it  are  actuated 
by  endless  bands  from  a  continuous  tin  drum.  As  the  roving  is 
being  elongated  by  the  set  of  rollers,  the  carriage,  in  virtue  of  the 
headstock  action,  is  caused  to  traverse  outwards,  or  away  from  the 
rollers,  the  spindles  at  the  same  time  revolving.  On  reaching  the 
end  of  its  traverse  or  stretch,  where  it  stops,  the  rollers  and  draw¬ 
ing  out  motions  are  disengaged,  but  the  twist  motion  for  the  spindles 
continues  until  the  predetermined  amount  of  twist  is  put  into  the 
yarn.  The  headstock  action  then  changes  the  twist  to  the  breaking- 
off  motion,  which  reverses  the  spindles  and  allows  the  yarn  to  be 
uncoiled  from  the  spindle  down  to  the  cop.  This  uncoiling  is  for 
the  double  purpose  of  getting  the  yarn  into  the  right  position  for 
a  proper  winding-on  upon  the  cop,  and  the  obtainment  of  the  neces¬ 
sary  slack  to  allow  the  faller  wire  to  descend  without  causing  break- 
Fig.  43& 


spindle-driving  action,  superior  spinning  is  to  be  expected  from  it. 
And  as  the  flyers  are  brought  nearer  to  the  rollers  than  in  the  ordi¬ 
nary  frame,  each  inch  of  yarn  obtains  its  proper  share  of  twist,  a 
mechanical  advantage  which  of  course  tends  to  the  production  of 
superior  yarn.  This  throstle  certainly  works  with  remarkable  steadi¬ 
ness  and  absence  of  jar. 

The  self-acting  mule  (Figs.  439  and  440)  operates  at  the  same  stage 
as  the  throstle,  but  it  is  applicable  for  spinning  both  weft  and  twist 
or  warp  yarns ;  it  is,  therefore,  also  the  twelfth  place  in  the  leading 
series.  The  leading  peculiarity  of  the  mule  is,  that  whilst  one  great 
section  of  the  machine  is  stationary,  the  other  has  a  back  and  for¬ 
ward  traverse.  The  creels  for  holding  the  rovings,  the  rollers  which 
give  the  necessary  elongation  to  the  yarn,  and  the  headstock  con¬ 
taining  all  the  details  necessary  for  governing  the  general  movements, 
are  fixed,  whilst  the  “  carriage”  which  holds  the  spindles  and  their 
actuating  drums  has  a  back  and  forward  traverse  of  about  five  feet 
to  and  from  the  delivering  rollers.  The  ends  of  the  rovings  are 
entered  through  three  pairs  of  drawing  rollers  ;  and  after  thus  being 


age  of  the  ends.  The  winding-on  and  taking-in  changes  are  now 
made,  and  the  carriage  returns  quickly  to  the  rollers,  the  spindles 
winding  on  the  yarn  in  the  cop  or  differential  conoidal  form  as  the 
inward  or  reverse  traverse  takes  place.  The  various  changes  in  the 
actions  are  effected  by  the  agency  of  a  cam  shaft  working  in  con¬ 
nection  with  the  long  lever  arm  in  the  headstock,  operated  upon  by 
the  in  and  out  traverse  of  the  carriage,  the  locking  of  the  faller,  and 
the  action  of  the  twist  motion.  The  spindles  in  Messrs.  Platt’s 
mule  are  648  in  number  ;  they  are  set  1  $  inches  asunder.  A  great 
practical  improvement  introduced  in  it  is  the  use  of  regular  founda¬ 
tion  plates  for  supporting  the  headstock  or  main  fixed  gearing,  the 
iron  carriage  rails,  and  the  copping  and  taking-in  motions.  This 
provides  against  all  chance  of  the  parts  getting  out  of  square,  a  pro¬ 
vision  which  every  practical  manufacturer  who  understands  the 
necessity  of  extreme  accuracy  in  the  working  of  a  mule  will  most 
fully  appreciate.  The  cam  shaft,  too,  is  driven  positively  by  gearing, 
thus  escaping  all  the  old  objections  accompanying  the  frictional 
system.  A  governor,  or  cop  regulator,  is  also  applied  for  adjusting 


mule,  and  upon  which  so  much  time  and  thought  have  been  expended, 
is  now  really  very  simple,  resolving  itself  into  the  mere  traverse  of 
the  guiding  lever  arm  over  the  bottom  horizontal  curved  copping 


cylinder  or  drum,  and  from  this  is  taken  the  power  necessary  for 
the  various  other  motions.  The  rim  band,  through  which  in  ordinary 
mules  the  greater  portion  of  the  operating  power  is  taken,  is  dis- 
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the  winding-on  motion  to  the  formation  of  the  cop,  the  action  being 
automatic  throughout.  The  cop  shaping  motion  is  shown  in  detail 
in  Fig.  441.  This  portion  of  the  mechanism,  which  was  devised 
to  imitate  exactly  the  motion  of  the  spinner’s  hand  in  the  old  hand 


rail,  the  curvature  of  which  is  proportioned  to  the  size  and  peculiar 
conoidal  form  of  the  cop  required. 

In  the  mule  shown  by  Messrs.  Hetherington,  under  Iletherington 
&  Robertson’s  patent,  the  power  is  transmitted  direct  to  the  main 
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pensed  with,  and  this  arrangement  does  away  with  several  objec¬ 
tions  common  to  the  old  plans,  more  particularly  the  irregularity 
in  the  twist  duo  to  the  variation  in  the  band  tension.  The 
drawing  rollers  are  directly  geared  to  the  cylinders  or  drums, 
hence  an  uniform  twist  is  certain,  whilst  the  full  amount  of  twist 

is  secured  with  a  slower  rate 
of  spindle ;  or,  on  the  other 
hand,  with  a  given  speed  of 
spindle  an  increased  produc¬ 
tion  of  uniformly  twisted  yarn 
is  secured.  The  “  backing 
off”  is  effected  simply  by  a 
friction  pulley  on  the  cylin¬ 
der  shaft,  without  the  inter¬ 
vention  of  the  rim  band  at 
all.  The  rack  pinion  for 
taking  the  carriage  out  is 
£53^  driven  from  the 
gearing  to  the 
Detail  of  Cop  Shaper.  roller,  and  a  posi¬ 

tive  proportionate 

speed  is  thus  obtained.  Bands  are  also  dispensed  with  in  con¬ 
nection  with  the  quadrant  for  regulating  the  winding-on  gear,  which 
is  geared  with  the  carriage  motion. 

The  self-acting  mule  on  Parr’s  principle,  shown  by  Messrs.  Walker 
&  Hacking,  deserves  special  attention,  as  representing  the  design  from 
which  perhaps  more  frames  are  being  made  than  from  any  other. 
We  give  an  end  view  of  head  stock  and  elevation  of  part  of  carriage 
in  Plate  XVI.  The  main  driving  shaft  being  placed  lower  than  usual, 
a  superior  length  of  driving  strap  is  obtained,  whilst  from  its  position 
the  drawing  rollers  are  driven  in  a  peculiarly  simple  manner.  There 
is  also  considerable  novelty  in  the  plan  of  drawing  out  the  carriage, 
which  provides  for  saving  the  drawing  out  wheels  and  bands  from 
fracture,  as  the  carriage  stops  in  its  draw  whenever  any  extraordinary 
obstacle  is  opposed  to  it.  The  strap  guide  too,  not  being  suddenly 
forced  by  a  cam,  is  arranged  to  regulate  the  traverse  of  the  strap  from 
the  fast  to  the  loose  pulley.  The  fuller  and  backing-off  motions  are  so 
arranged  that  only  two  changes  are  required  instead  of,  as  in  most 
mules,  four  being  necessary,  so  that  something  like  half  the  time 
necessary  for  such  changes  only  is  required.  The  winding  of  the 
yarn  too  is  more  positive  than  in  the  ordinary  mules,  as  the  operating 
quadrant  is  actuated  by  gearing  instead  of  bands,  so  that  whilst  the 
chance  action,  as  we  may  term  it,  of  the  bands  requires  constant 
attention,  the  gearing  does  not.  Long  or  short  copping  motions 
can  be  applied  at  pleasure  to  vary  the  form  of  the  cops,  and  the 
faller  movement  is  so  arranged  as  to  act  upon  the  yarn  in  the 
smoothest  manner. 

Messrs.  J.  Harrison  &  Sons,  of  Bank  Foundry,  Blackburn,  also 
exhibit  largely  and  well  in  this  section  of  machinery,  and  great  excel¬ 
lence  is  everywhere  visible  in  their  workmanship.  In  their  wind¬ 
ing  machine,  whereby  the  yarn  is  wound  from  the  cop  on  to  bobbins 
for  the  subsequent  warping  process,  the  threads  are  primarily  directed 
through  “  feathered  guides,”  and  through  brushes,  so  as  to  carry  off 
dirt  and  thick  portions  of  fibre.  The  special  machine  exhibited  has 
an  arrangement  on  one  side  for  winding  yarn  from  “  throstle  ”  bob¬ 
bins.  The  spindle  rails  are  so  contrived  that  the  spindles  can  always 
be  adjusted  to  one  dead  level  after  the  displacement  consequent  upon 
the  operation  of  putting  on  the  bobbin.  Each  spindle  works  upon 
a  footstep  bearing,  fitted  with  a  bottom-set  screw ;  so  that  when¬ 
ever  any  spindle  gets  out  of  level,  the  accurate  adjustment  is 
remarkably  easy.  A  lateral-set  screw  is  also  fitted  for  the  pur¬ 
pose  of  binding  the  bearing  in  position  when  set,  Their  warping 
machine  is  fitted  with  a  “  letting-back  ”  motion,  so  that  when  a 
thread  fails,  the  beam  motion  is  reversed,  and  the  end  of  the  frac¬ 
tured  thread  is  easily  found  and  united.  This  is  effected  by  an 


equipoised  lever  arm,  the  upper  end  of  which  supports  a  scries 
of  horizontal  metal  bars  capable  of  ascending  and  descending  in 
vertical  guide  grooves  in  the  stationary  framing ;  therefore,  when 
the  slack  is  let  off  the  beam,  the  lever  arm  is  drawn  back,  and 
the  bars  are  severally  permitted  to  descend  upon  the  threads,  so 
as  to  take  up  the  slack  and  keep  them  stretched  until  the  broken 
end  is  taken  up.  When  the  machine  is  again  set  on,  the  winding- 
up  action  of  the  beam  takes  up  the  length  of  yarn  held  by  the  bars, 
which  latter  are  elevated  one  by  one  to  the  top  of  the  lever  arm,  as 
the  threads  come  back  to  a  right  line.  All  the  rollers  ran  upon  end 
steel  centre  bearings  fitted  with  adjustable  screw  centres.  The 
taking-up  beam  rests  upon  a  bolt  on  dram  which  is  capable  of  being 
elongated  and  contracted  to  suit  the  width  of  beam  required ;  and 
the  comb  or  guide  reed  is  formed  of  teeth  or  dents  adjustable  as  to 
distance  asunder,  by  an  elongating  and  contracting  spiral  spring  or 
helix.  The  drum  on  which  the  beam  revolves,  is  capable  of  expan¬ 
sion  or  contraction,  to  suit  the  width  required.  This  machine  also 
answers  well  for  silk. 

Messrs.  John  Dugdale  &  Son,  cf  the  Soho  Foundry,  Blackburn, 
are  also  exhibitors  of  a  machine  for  winding  twist  from  the  cop  on 
to  warpers’  bobbins.  This  winding  machine  produces  a  barrel¬ 
shaped  bobbin  simply  by  the  action  of  the  mangle  wheel.  This 
movement  possesses  many  advantages  in  point  of  durability,  and  it 
is  so  contrived  here  that  the  work  people  cannot  tamper  with  it. 
An  arrangement  is  also  added  for  raising  or  lowering  the  spindle 
whenever  the  heads  of  the  bobbins  vary  in  thickness,  a  great 
improvement  upon  the  old  plan  of  placing  flannel  washers  beneath 
the  bobbins. 

The  sizeing  machine  of  Messrs.  Harrison  (Fig.  442)  illustrates  very 
fully  the  very  important  improvements  which  have  been  made  upon 
this  apparently  simple  machine  within  a  very  recent  period.  By  its 
aid  the  warp  yarn,  as  beamed  on  the  warping  mill,  is  removed  from 
the  beams,  stationed  at  one  end  of  the  machine,  and  drawn  thence 
through  a  trough  of  boiling  size,  and  over  a  series  of  steam-heated 
cylinders,  being  finally  wound,  when  dried,  upon  the  weaver’s  beam 
at  the  opposite  end  of  the  framing.  In  this  example  the  most  pro¬ 
minent  feature  of  improvement  is  the  extreme  simplification  of  the 
details ;  in  particular,  the  operation  is  wholly  carried  out  without 
the  use  of  the  heald  and  reed,  which  encumbered  the  old  form  of 
machine.  This  is  accomplished  in  a  very  efficient  manner  by 
dividing  the  warp  amongst  a  series  of  beams,  set  one  before  the 
other — the  first  one  of  the  series  delivering  its  threads  so  as  to 
mingle  with  a  like  number  from  the  second  one,  and  so  on 
throughout ;  so  that  in  the  end  the  combined  series  of  threads  fall 
evenly  into  their  places.  The  heavy  squeezing  or  size  roller  is  cast 
solid,  in  copper,  being  then  bored  out  and  expanded  upon  a  mandril ; 
it  has  thus  no  seam  in  it.  Syphon  boxes  are  also  applied  to  condense 
the  heating  steam  as  it  leaves  the  drying  cylinder,  and  provision  is 
made  for  connecting  them  with  the  size  box,  so  that  the  exhaust 
steam  is  discharged  into  the  mass  of  boiling  size,  and  hence  the 
steam  is  greatly  economized.  A  pressure  regulator  is  also  attached, 
for  the  adjustment  of  the  tension  of  the  drying  steam.  This  is  an 
arrangement  for  working  the  machine  by  friction,  by  means  of 
parallel  disc  plates  connecting  the  driving  with  the  driven  shaft,  a 
side-shaft  motion  being  added  for  preventing  any  tension  from  being 
put  upon  the  yarn  whilst  it  is  in  a  wet  state.  As  the  plates  are 
gradually  set  up  in  starting,  the  tensioual  drag  comes  very  gra¬ 
dually  into  play,  and  the  working  tension  only  comes  fully  into  play 
when  the  yarn  is  fitted  for  it.  An  expanding  and  contracting  comb 
or  course  guide-reed  provides  for  any  extent  of  spreading  of  the 
threads  upon  the  beam  ;  and  it  enables  the  attendant  to  fill  up  the 
beam  above  the  level  of  the  flanges,  by  contracting  the  threads  when 
they  are  wound  on  up  to  the  flange  level.  When  the  machine  is 
stopped,  no  steam  is  allowed  to  pass,  so  that  there  is  never  any 
waste.  The  production  of  this  machine  is  about  1 00,000  yards  of 
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eizcd  yarn  per  week,  or  enough  to  supply  300  looms.  Each  dry- 


bolted  on  it,  so  that  free  access  can  he  obtained  for  the  purpose  of 
cleaning  out. 


ing  cylinder  has  a  manhole  in  its  end,  with  an  adjustable  plate 


A  comparison  between  the  sizeing  machines  of  1851  and  those  of 
1802  shows  at  once  the  great  extent  of  improvement  which  has  been 
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introduced  into  this  class  of  machinery  within  these  limits.  In  1851 
a  machine  to  supply  120  looms  demanded  the  services  of  an  ope¬ 
rative  who  was  paid  at  the  rate  of  £3  per  week.  That  machine  had, 
in  its  turn,  displaced  sis  of  the  previously  used  machines,  and  as 
many  attendants,  the  united  wages  of  whom  were  about  per  £18 
week.  The  machine  now  shown  is  worked  by  an  attendant  at  about 
2Gs.  a  week  wages ;  thus  the  work  which  previous  to  1851  would  have 
cost  £18  per  week,  and  which  cost  was  reduced  in  1851  to  £3  per 
week,  is  now  accomplished  at  a  cost  of  something  less  than  14s.  per 
week. 

The  contributions  of  Messrs.  W.  Dickinson  &  Son,  of  the  rhocnix 
Ironworks,  Blackburn,  occupy  a  space  of  285  square  feet  in  the 
Exhibition,  and  they 
very  fairly  bring  out 
the  machine-making 
capabilities  of  the 
oldest  firm  of  the 
class  in  the  great 
Blackburn  centre. 

Messrs.  Dickinson 
were  the  first  makers 
of  Messrs.  Hornby  & 

Kenworthy's  well 
knowm  6izeing  ma¬ 
chine,  which  has 


riatt’s  Power  Loom  for  Plain  Weaving. 

served  as  the  basis  for  all  the  modern  machinery  of  this  class. 
The  example  which  they  exhibit  is  one  on  the  principle  generally 
known  as  the  “slasher,”  and  is  an  excellent  specimen  of  work¬ 
manship  ;  but  as  it  is  not  shown  in  motion  its  performances  cannot 
be  judged  of  here.  The  makers  assert  that  it  is  capable  of  work¬ 
ing  yarns  up  to  100’s. 

We  have  now  seen  the  completion  of  the  yarn  according  to  two 
distinct  processes.  The  weft  yarn  is  ready  for  being  at  once  placed 
in  the  shuttle  for  being  woven  into  cloth,  but  the  waft  yarn  has  to 
undergo  another  change  of  form  prior  to  its  conversion  into  cloth  in  the 
loom.  It  has  to  be  wound  either  from  the  mule  cop  or  the  throstle 


bobbin  into  the  warp  form  proper  by  the  agency  of  a  warping  mill, 
which  is  nothing  more  than  a  large  open-barred  cylinder,  on  which 
the  combined  threads  from  the  necessary  number  of  bobbins  set  in 
a  creel  are  wound.  Then,  as  considerable  tension  and  frictional 
action  must  be  exerted  upon  the  warp  threads  during  the  weaving 
operation,  it  is  necessary  to  lay  the  loose  fibres  even  and  to  strengthen 
the  yarn.  This  is  done  either  by  dressing  or  sizeing,  the  parallel 
lines  of  yarn  being  passed  through  a  bath  of  size  or  starchy  matter, 
and  then  dried  by  being  carried  round  steam  cylinders.  After  this 
process  the  prepared  warp  is  beamed,  or  wound  upon  a  beam  or 
containing  roller  with  flanged  ends,  and  in  this  condition  it  is  con¬ 
veyed  to  the  loom.  Each  individual  parallel  thread  is  drawn  by  a 
hook  through  its  proper  eye  in  the  heald  or  heddle,  and  through 
the  splits  or  divisions  in  the  reed,  and  the  ends  so  passed  through 
are  then  wound  upon  the  cloth  beam  at  the  front  of  the  loom.  It 
is  only  at  the  first  starting  of  a  new  loom  that  this  drawing  through 
the  heddles  is  necessary,  for  afterwards,  in  starting  a  loom  which 
has  been  at  work  before,  with  a  new  warp,  the  old  one  is  left  with  its 
ends  in  the  heddles,  so  that  all  that  is  necessary  is  to  twist  in  the 
ends  of  the  new  warp  upon  those  of  the  old  one.  This  is  done  by 
hand,  using  a  little  starchy  matter  for  securing  the  adhesion  of 
the  conjoined  ends.  The  power  loom  is  a  fair  example 
of  a  modern  plain  loom,  such  a  loom  as  has  now  for  ever 
supplanted  the  old  hand  loom.  The  leading  features  or 
principles  of  action  of  the  power  loom,  as  simply  adapted 
for  plain  weaving,  are  a  cam 
shaft  motion  for  giving  the 
alternate  vertical  traverse  to 
the  heddles  which  separate  the 
warp  threads  into  two  lines  to 
form  the  “  shed  ”  for  the  pas¬ 
sage  through  of  the  shuttle, 
the  alternate  traverse  from 
side  to  side  across  the  warp  of 
the  shuttle,  and  the  beating  up 
of  the  weft  thrown  in  by  the 
reed,  which  is  actuated  by  a 
duplex  crank-shaft.  There 
are,  besides,  the  several  motions 
for  taking  up  the  woven  cloth 
upon  the  cloth  beam,  the 
“  temple”  extension  action  for 
keeping  up  the  width  of  the 
cloth,  and  the  weft  fork  or  self¬ 
acting  stop  movement  for  sus¬ 
pending  the  operation  of  the 
loom  when  the  weft  thread 
breaks.  Messrs.  Platt’s  loom 
(Fig.  443)  involves  an  improve¬ 
ment  of  importance  in  the 
picking  motion,  which  is  worked 
from  the  first  motion  or  crank 
shaft.  The  vertical  picking 
shaft  has  upon  it  loose  tongues 
operated  upon  by  cams  at  each  alternate  revolution  of  the  crank 
shaft. 

Messrs.  Harrison  exhibit  a  most  complete  practical  illustration  of 
the  system  of  plain  weaving,  as  shown  along  with  some  of  the 
anterior  processes  in  Fig.  444.  Here  are  looms  designed  respec¬ 
tively  for  light  and  heavy  goods  in  cotton,  and  one  for  linen  weav¬ 
ing.  The  “  take-up  motion”  is  positive,  or  essentially  direct,  and 
the  take-up  roller  is  made  of  sheet-iron,  coated  with  a  holding  com¬ 
position.  It  always  presents  a  level  surface  to  the  cloth — a  great 
advantage  compared  with  the  ordinary  wood  roller,  which  is  con¬ 
stantly  liable  to  change.  The  picking  motion  for  actuating  the 
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shuttle  is  entirely  metallic — a  vast  improvement  upon  the  old  motion 
with  a  hack  strap.  The  light  loom  is  on  the  “loose-recd”  prin¬ 
ciple,  that  is  to  say,  the  reed  is  so  sustained  in  the  lathe  or  play, 
that  it  can  at  once  fly  back  if  threatened  with  damage  from  an  inter¬ 
cepted  shuttle  or  other  obstacle.  It  can  be  worked  up  to  300  picks 
per  minute  ;  it  is  indeed  working  now  nearly  up  to  that  rate,  and 
although  the  speed  is  so  excessively  high,  it  produces  excellent 
cloth.  Where  there  are  so  many  reciprocatory  actions  as  in  a  power 
loom,  these  excessive  rates  cannot  but  be  prejudicial  to  the  parts 
engaged,  as  well  as  to  general  structure  ;  but  we  must  admit  that 
the  exhibited  loom  operates  to  perfection.  Still,  the  makt  rs  them¬ 
selves  do  not  recommend  such  rates 
for  general  purposes.  The  heavy 
loom  is  a  good  example  of  the  fast- 
reed  principle.  Its  taking-up  roller 
is  of  cast-iron,  fluted  and  chased. 

The  cranks  of  these  looms,  which  it 
is  so  important  to  have  strong  and 
light,  are  bent  out  of  the  solid  by 
graduated  pressure,  so  that  the 
original  continuous  fibre  is  pre¬ 
served.  The  driving  wheels  are 
kept  in  proper  gear  by  arranging 
the  tappet  shaft  to  work  in  bearings 
adjustable  by  set  screws.  The 
treadle  motion  for  the  healds  is  so 
arranged  that  the  weight  of  the 
moving  levers  is  entirely  balanced, 
the  cam  shaft  working  through 
horizontal  slots  in  the  levers,  which 
have  back  and  front  anti-friction 
pulleys  for  the  duplex  action  of  the 
cams. 

One  of  the  three  looms  shown  by 
Messrs.  Dickinson  is  a  37-inch  reed 
space,  one  for  weaving  fancy  goods. 

It  has  a  three-shuttle  drop-box, 
and  is  fitted  with  Mr.  W.  Bul- 
lough’s  patent  “  dobby,”  or  newly- 
arranged  pattern  action,  and  is 
adapted  for  either  plain  or  twilled 
checks.  The  connection  of  the 
“  dobby”  with  the  drop-box,  as 
clearly  represented  in  Fig.  445,  is 
very  simple,  and  it  has  the  advan¬ 
tage  that  any  length  of  pattern  can 
be  woven.  A  detent  contrivance  is 
also  added  for  throwing  the  loom 
out  of  gear  the  moment  the  shuttle 
chances  to  “  trap.”  A  simple 
stopper  is  also  applied  for  prevent¬ 
ing  the  shuttle  from  going  too 
far  through  the  box,  and  interfering  with  the  lifting  and  lower¬ 
ing  of  the  box.  A  motion  is  also  added  to  enable  weights  to 
be  dispensed  with ;  thus  doing  away  with  a  very  cumbrous  item 
in  the  mechanical  details  of  the  ordinary  loom,  and  yet  allowing 
of  any  strength  of  cloth  being  woven,  with  a  less  strain  upon  the 
yarn  than  is  usual  in  looms  as  hitherto  arranged.  The  speed  of 
working  is  160  picks  per  minute.  Another  loom  is  the  “  dobby,” 
with  Mr.  W.  E.  Taylor’s  recently  patented  invention  fitted  to  it, 
working  at  the  rate  of  200  picks  per  minute.  It  is  adapted  for 
weaving  Indian  scarfs  and  spots,  and  satin  checks,  with  a  simple 
shuttle.  This  loom  having  no  drop-box  attached  to  it,  is  of  course 
a  good  deal  simpler  than  the  one  previously  described.  The  third 
loom  is  one  of  the  well  known  “  Blackburn  looms”  originated  by  Mr. 


W.  Dickinson  himself.  It  is  fitted  with  Mr.  W.  E.  Taylor’s  new 
arrangement  of  a  crank  arm,  so  contrived  that  whilst  the  speed  of 
the  loom  is  greatly  increased,  the  shuttle  has  more  time  allowed  it 
for  passing  through  the  shed.  This  loom  is  adapted  for  the  pro¬ 
duction  generally  of  the  various  kinds  of  calico  ordinarily  woven  in 
the  Blackburn  district,  but  it  runs  at  a  greatly  increased  speed — 
300  picks  per  minute.  Messrs.  Felix  Leach  &  Company  have 
upwards  of  800  looms  on  this  design  at  work  regularly,  at  from  240 
to  250  picks. 

The  Anderston  Foundry  Company,  Glasgow,  have  two  elaborate 
check  looms,  the  patented  inventions  of  Messrs.  Muir  &  MTlwham 


Dickinson's  37-inch  Reed  Space  Loom. 

of  that  firm.  One  of  these  is  for  working  extraordinarily  long  checked 
patterns  with  four  shuttles.  This  loom  presents  many  very  elegant 
mechanical  combinations  of  extreme  merit ;  and  although  it  presents 
externally  a  forest  of  details,  yet  an  examination  shows  them  to  be 
so  well  and  judiciously  put  together,  that  the  operation  is  remark¬ 
ably  smooth,  and  the  observer  leaves  the  loom  impressed  with  a 
conviction  of  its  simplicity,  considering  what  it  has  to  do.  The 
main  spring  of  the  pattern-working  movements  is  a  pattern  barrel 
or  cylinder  perforated  helically  all  over  its  surface,  to  receive  pro¬ 
jecting  pins  which  are  set  in  the  barrel  in  such  sequence  as  the 
pattern  demands.  These  pins  operate  upon  levers,  the  catches  of 
which  are  traversed  back  and  forward  from  end  to  end  of  the  barrel, 
and  they  work  in  conjunction  with  a  cam  arrangement,  which  gives 
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the  necessary  drop-box  movements.  By  this  checking  loom  pat¬ 
terns  ranging  from  2  to  2000  or  more  picks  may  be  worked.  The 
other  is  a  two  shuttle  twilling  loom,  and  is  on  a  more  recent  design, 
and  it  involves  a  novel  kuocking-up  motion  for  the  weft. 

Messrs.  Dugdale  also  show  excellent  examples  of  plain  looms  on 
both  the  fast  and  loose  reed  principles.  Instead  of  the  old  system 
of  fast  and  loose  frog,  the  stop-rod  chisel  or  finger  stops  the  loom 
when  anything  fails  with  the  shuttle,  by  coming  in  contact  with 
the  frog,  and  the  brake  and  the  frog  being  connected  by  an  iron 
strap,  the  brake  acts  upon  the  fly-wheel,  and  brings  it  to  rest 
without  any  concussion  on  the  framing.  In  their  shedding  motion, 
too,  the  heddles  are  pulled  straight  down,  without  the  slight  cir¬ 
cular  motion  of  the  ordinary  movement,  thus  reducing  the  strain 
and  friction,  and  the  heddles  are  stretched  only  when  actually 
shedding. 

Messrs.  G.  Hattersley  &  Sons,  of  North  Brook  Works,  Keighley, 
have  a  capital  specimen  of  a  “  plain  loom,”  contrived  so  as  to  be 
capable  of  weaving  either  cobourgs,  plain  goods,  figures,  sateens,  or 
twills.  The  heddle  levers  are  on  longitudinal  shafts  on  the  top  of 
the  framing,  and  they  are  worked  by  end  cams  on  the  bottom  shaft. 
The  picking  is  horizontal. 

Messrs.  J.  &  W.  Whitesmith,  of  the  Govan  Street  Foundry,  Glas¬ 
gow,  have  several  looms  both  on  their  own  patents  and  on  those  of 
Whitesmith  &  Stevens’  and  Mitchell  &  Whytlaw’s.  In  the  two- 
shuttle  loom  of  Whitesmith  &  Stevens,  the  two  positions  of  the  drop- 
box  are  determined  by  a  small  crank,  so  contrived  as  to  make  half  a 
revolution  whenever  a  change  of  shuttle  is  required,  and  the  movement 
has  the  advantage  of  commencing  and  ending  in  the  most  gradual 
manner.  In  Mitchell  &  Whytlaw’s  three-shuttle  loom,  the  position 
of  the  box  is  determined  by  an  ingenious  combination  of  two  lappets, 
both  set  on  the  same  stud ;  one  determines  the  two  extreme  positions 
of  the  box,  and  the  other  the  central  position,  so  that  by  the  separate 
or  combined  action  of  two  hooks  any  of  the  three  shuttles  can  be 
brought  into  action  at  once.  Messrs.  Whitesmith’s  “three-cone 
antifriction  winder  ”  is  shown  both  as  a 
frame  and  as  applied  to  the  loom  for 
winding  from  the  loose  driving  pulley, 
thus  making  the  loom  both  a  winder 
and  weaver.  It  is  represented  in  detail 
in  Fig.  446.  The  pirn  or  bobbin  is 
guided  between  three  cast-steel  anti¬ 
friction  cones,  so  that  the  finest  yarns 
and  the  most  delicate  colours  are  equally 
free  from  injury,  there  being  no  surface 
friction.  This  winder  can  be  arranged 
at  either  side  of  the  loom,  so  that  the 
weaving  and  winding  can  go  on  simul¬ 
taneously  within  the  ordinary  single 
frame. 

The  Auderston  Foundry  Company, 
Glasgow,  also  exhibit  Messrs.  Robert¬ 
son  &  Orchar’s  (Dundee)  “pirn  or  weft  winder,”  as  improved 
by  the  makers.  This  winder  has  found  a  large  amount  of  favour 
amongst  manufacturers,  and  it  is  exceedingly  simple  and  steady  in 
its  action.  The  spindles  are  driven  frictionally,  and  their  variable 
movement  is  arranged  so  that  the  velocity  is  increased  and  diminished 
in  exact  accordance  with  the  varying  diameters  of  the  cop  or  pirn. 
It  is  especially  well  suited  for  weaving  heavy  yarns  of  from  16  to  48 
pounds  per  spindle. 

The  “  spooling  ”  machine  of  Messrs.  Sharp,  Stewart,  &  Company, 
of  the  Atlas  Works,  Manchester,  very  completely  illustrates  the 
most  recent  improvement  in  automatic  mechanical  apparatus  for  the 
purpose  of  winding  and  laying  smoothly  and  evenly  on — to  bobbins, 
spools,  or  reels — cotton,  linen,  and  silk  sewing  thread,  so  as  to  pre¬ 
sent  the  finished  bobbins  in  the  even  condition  which  wo  see  in  a 


Fig-  446. 


Whitesmith's  Antifriction 
Winder. 


lady’s  work-box.  Hitherto,  although  the  thread  spooling  process 
has  had  mechanical  aid  to  a  great  extent,  reliance  has  always  been 
placed  upon  the  hand  as  the  only  security  for  exactitude. 

Prior  to  the  present  century,  sewing  thread  was  invariably  made 
up  for  sale  and  use  in  hanks,  and  it  was  not  until  the  year  1814  that 
the  plan  of  winding  it  upon  bobbins,  spools,  or  reels,  technically 
called  “spooling,”  was  introduced  by  Mr.  James  Carlisle  of  Paisley. 
In  commencing  this  practice,  the  thread  was  wound  upon  the  reels 
in  soft,  uneven,  and  irrregular  layers,  by  the  agency  of  a  common 
hand  wheel,  the  top  or  external  layer  being  rendered  smooth  by  the 
frictional  action  of  a  small  piece  of  calico  pressed  against  the  thread 
during  the  windiug  operation. 

Mr.  George  Taylor,  also  of  Paisley,  introduced  the  first  real 
“spooling”  machine  in  1830,  a  single  grooved  guide  being  used 
for  laying  the  thead  upon  the  spool.  This  guide  was  made  to  tra¬ 
verse  longitudinally,  by  two  screws  geared  together,  so  as  to  insure 
even  distribution,  one  of  the  screws  operating  so  as  to  regulate  the 
distribution  of  the  thread  in  one  direction,  and  the  other  in  the 
opposite  one.  Four  years  later,  the  hitherto  existing  multi-grooved 
guide  and  the  right  and  left  handed  screw  were  introduced. 

The  most  improved  hand  spooling  machines,  hitherto  and  at  pre¬ 
sent  largely  in  use — each  spooling  head  consists  of  a  small  headstock 
carrying  a  longitudinal  shaft,  from  the  end  of  which  there  projects 
the  winding  spindle  for  carrying  the  spool.  The  thread  guide  is 
fixed  on  a  sliding  rod,  and  the  necessary  alternate  traversing  motion 
is  obtained  from  a  shaft  with  a  right  and  left  handed  screw  thread 
upon  it.  This  sliding  rod  has  two  arms,  each  carrying  part  of  a 
screw  nut  on  opposite  sides  of  the  screw  shaft,  one  to  gear  with  the 
right-handed  screw  thread,  and  the  other  with  the  left-handed  thread, 
so  that  a  slight  oscillation  of  the  rod  serves  to  throw  the  nuts  alter¬ 
nately  into  gear  with  the  screw  shaft.  In  spooling,  the  empty  spool 
is  placed  on  the  winding  spindle,  and  the  thread,  which  is  contained 
on  a  large  bobbin,  is  passed  under  the  thread  guide,  and  fixed  so  as 
to  wind  on  to  the  spool.  When  the  machine  is  started,  the  winder 
presses  upon  the  thread  guide  with  the  left  hand,  giving  the  pressure 
directly  from  the  thumb,  whilst  the  right  hand  reverses  the  travers¬ 
ing  motion  at  the  end  of  each  layer  of  thread.  The  last  layer  of 
thread  laid  on  has  an  extra  polish  given  to  it  by  additional  pressure 
of  the  thread  guide.  When  the  spool  is  filled,  a  nick  is  made  in  the 
spool  end  or  flange,  and  the  end  of  the  thread  is  secured  in  it.  The 
spool  is  then  removed  from  the  spindle  by  a  lever,  as  the  continuous 
tight  coiling  of  the  thread  tightens  it  thereon. 

Messrs.  Sharp’s  machine,  however,  which  is  the  invention  of 
Mr.  William  Weild  of  Manchester,  effects  the  several  operations  of 
winding  the  thread  upon  the  bobbins,  fastening  off  the  end  in  a 
notch  in  the  bobbin  flange,  dropping  the  finished  or  filled  bobbin  into 
a  receiving  tray,  and  finally  starting  a  fresh  empty  bobbin,  all  auto¬ 
matically,  no  manual  attention  being  required  throughout.  The 
machine  shown  has  six  “heads”  or  separate  individual  spooling 
processes  in  it.  A  machine  of  this  size  is  able  to  turn  off  620  full 
spools  of  50  yards  each,  or  480  spools  of  100  yards  each,  or  340 
spools  of  200  yards  each,  per  hour.  This  is  an  enormous  amount 
of  production ;  but  it  stands  out  in  far  stronger  light  when  compared 
with  the  result  of  the  ordinary  manually  attended  machines.  In  the 
hand-winding  process,  a  skilled  operative,  who  must  have  passed 
through  a  somewhat  severe  educational  course,  can  only  turn  out 
432  filled  bobbins  per  day;  whilst  an  ordinary  unskilled  operative, 
who  can  be  taught  the  working  of  the  new  machine  very  quickly,  is 
able  to  fill  no  fewer  than  3456  bobbins  per  day  when  in  attendance 
upon  the  automatic  spooler.  The  bobbins  so  filled  are  quite  close  and 
firm  in  the  winding,  and  much  more  accurate  as  regards  the  measured 
length  of  the  thread.  Fig.  447  is  a  transverse  vertical  section  of  Mr. 
Weild’s  machine;  Figs.  448  and  449  are  enlarged  details  of  the  wind¬ 
ing,  thread  fixing,  and  spool  changing  apparatus.  The  thread  to  be 
wound  is  drawn  from  the  large  bobbin  at  the  back  of  the  frame,  as 
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in  Fig.  447,  and  it  is  guided  and  fed  regularly  upon  the  spool,  A,  by 
the  thread  guide,  b,  the  spool  being  made  to  revolve  at  2000  revolu¬ 
tions  per  minute.  The  point  of  the  guide  is  fitted  with  a  small 
swivel  piece,  c,  finely  grooved  to  suit  the  fineness 
Fig.  447.  0f  the  thread.  This  piece  bears  uniformly  upon 
the  thread  as  it  is  being  wound,  and  the  swivel 
enables  it  to  coincide  with  the  alternate  inclination 
of  the  thread,  right  and  left.  As  layer  succeeds 
layer  in  the  winding,  the  longitudinal 
^  traverse  of  the  thread  guides,  for  deli¬ 
vering  the  thread  uniformly  over  the 
entire  length  of  the  spool,  is  obtained 
from  a  right  and  left  traversing 
screw,  d,  represented  in  elevation 
and  plan  (Figs.  450  and  451). 
This  screw  is  held  stationary 
endways,  but  it  re¬ 
volves  continuously  in 
the  same  direction. 
The  slide  rod, 
E,  carrying  the 
thread  guides, 
has  two  arms, 
each  carrying  a 
segment  of  a 
nut,  one  segment 
on  each  side  of 
the  screw,  and 
arranged  to  gear 
with  the  right 
and  left  hand 
threads  respec¬ 
tively,  and  the 
alternate  action 
of  the  slider,  E, 
throws  one  nut 
into  gear  and  the 

other  out  of  gear,  with  the  screw,  reversing  the  traverse  of  the  thread 
guides.  The  power  necessary  to  make  the  slide  rod  vibrate  the 
required  amount  is  obtained  from  two  blade  springs,  F,  fixed  parallel 
to  the  rod,  and  bearing  upon  the  opposite  sides  of  an  arm,  G,  fast  to 
the  rod,  the  arm  having  inclined  surfaces  for  the  spring  to  bear  upon. 
As  the  slide  rod  traverses  to  the  right  hand,  the  upper  spring  becomes 
bent  by  being  forced  up  the  incline  on  the  top  of  the  arm,  G,  whilst 
the  lower  spring  is  relaxed  from  the  withdrawal  of  the  incline  on  the 
bottom  of  the  arm,  so  that  at  the  end  of  the  traverse  the  upper  spring 
has  acquired  a  preponderating  power  sufficient  to  throw  the  arm 
over  to  the  extent  of  the  required  vibration.  In  the  return  traverse 
to  the  left  hand,  the  lower  spring  is  bent  back,  and  the  upper  one 
relaxed,  ready  for  reversing  the  arm  again.  The  arm  between  the 
two  springs  is  guided  by  a  horizontal  “shaper”  plate,  H.  In  travel¬ 
ling  towards  the  right,  the  arm  bears  upon  the  top  of  the  plate,  and 
when  it  arrives  at  the  edge  of  the  plate  it  is  thrown  down  by  the 
top  spring;  it  then  travels  back  to  the  left,  along  the  underside  of  the 
plate,  and  at  the  edge  it  is  again  thrown  up  by  the  under  spring. 
The  shaper  is  formed  so  as  gradually  to  increase  the  length  of  the 
traverse  of  the  thread  guides,  as  the  winding  proceeds  up  the  bevil 
at  each  end  of  the  spools,  and  the  edges  of  the  plate  are  tapered  to 
correspond  with  the  form  of  the  bevilled  ends  of  the  spools,  the  plate 
beiDg  advanced  at  each  double  traverse  of  the  thread  guide  by  a 
ratchet  wheel  and  cam,  the  reversing  arm,  G,  having  consequently 
to  travel  over  a  broader  part  of  the  plate,  each  time  making  a  longer 
travel  before  it  reaches  the  edge  and  reverses  the  traverse  of  the 
thread  guides.  When  the  last  layer  of  thread  is  being  wound  on 
the  spools,  a  projecting  stop,  J,  is  pushed  forward  by  the  shaper  to 


Weild’s  Spooling  Machine— Transverse  Section- 


catch  the  reversing  arm;  and  when  the  latter  reaches  the  edge  of  the 
plate,  it  is  thrown  down  through  only  half  the  extent  of  its  vibration, 
so  that  both  the  traversing  nuts  are  then  put  out  of  gear  with  the 
screw,  and  the  tra¬ 
verse  of  the  thread  Fig.  448. 

guides  ceases.  The 
stop  detains  the  re¬ 
versing  arm  in  the 
half  way  position, 
whilst  the  change  of 
spools  is  being  ef¬ 
fected.  A  brake,  k, 
stops  the  machine 
dead  when  the  last 
layer  of  thread  is 
wound  on,  and  the 
incision  knife,  L,  then 
descends  for  cutting 
the  nick  in  the  spool 
flange,  whilst  the 
point  of  the  spring, 

M,  fixed  on  the  inner 
side  of  the  knife, 
presses  on  the  spool 
close  to  the  last  coil 
of  thread,  preventing 
uncoiling,  and  guid¬ 
ing  the  thread  into 
the  nick.  The  push¬ 
ing  finger,  N,  then 
pushes  the  thread 
past  the  edge  of  the 
spool  and  round  the 
spring  point,  and  the 
hook,  O,  descends  and  Thread-fixing  and  Spool-changing  Apparatus — Details. 


catches  the  thread, 

which  is  passed  against  a  knife  edge,  P,  so  as  to  sever  it,  the  action 
being  obtained  by  a  pinching  screw,  Q.  For  changing  the  spools,  the 
winding  spindle,  K,  and  back  centre,  s,  are  withdrawn  by  cams,  and 
the  full  spool  drops  into  the  box  below.  The  cradle,  T,  containing 
the  empty  spool,  is  now  raised  by  another  cam,  and  the  winding 
spindle  advances  to  receive  it;  the  empty  spool  is  pushed  on  to  the 
spindle  by  the  return  of  the  back  centre,  and  is  pressed  up  against 


Fig.  449. 


Winding  Apparatus — Elevation. 


a  shoulder  on  the  spindle,  fitted  with  points  to  hold  with.  The 
loose  end  of  the  thread  is  in  such  a  position  that  it  is  caught  between 
the  spool  and  the  shoulder  of  the  spindle,  and  is  thus  secured  ready 
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for  winding.  The  thread  guides  having  left  off  work  on  the  full 
spools  at  the  extreme  end  of  their  longest  traverse,  have  now  to  be 
brought  back  through  the  length  of  the  bevil  end  of  the  spools. 
This  is  done  by  a  sliding  wedge  acting  upon  the  end  of  the  slide  rod, 

Fip.  450.  Fig.  451. 


Traverse  Motion— Plan. 

Thread  Fixing. 

F.,  the  shaper  being  withdrawn  by  the  same  movement.  The  thread 
guides  are  then  lowered  on  to  the  spools,  the  brake  is  taken  off,  and 
the  winding  goes  on  as  before.  Nothing  can  surpass  the  regularity 
of  action,  and  the  certainty  of  measurement  of  this  machine. 

A  large  quantity  of  thread  bobbins  or  spools  are  still  made  by 
ordinary  hand-turning  with  marvellous  rapidity  and  exactitude,  con¬ 
sidering  that  the  turner  has  nothing  but  his  hand  and  eye  to  guide 
him  in  cutting.  But  the  enormous  extension  of  the  trade  led  Mr. 
John  Clark  of  Glasgow  to  introduce  complex  automatic  machinery 
for  the  purpose  in  1846.  The  wood  is  first  cut  into  transverse  slices, 
of  a  thickness  about  equal  to  the  length  of  the  intended  bobbin,  and 
from  these  slices  the  blocks  or  bobbin  blanks  are  cut  out  by  a  crown, 
or  annular  saw,  to  the  form  of  a  rough  cylinder,  an  axial  bore  being 
made  through  each  at  the  same  time  by  a  central  drill.  These 
blanks  are  then  supplied  to  a  self-acting  turning  machine,  which 
completes  the  bobbins,  leaving  only  the  stamping  or  milling  of  the 
ends,  and  the  attachment  of  the  trade  labels,  to  be  done  subsequently. 
Messrs.  Coates  and  Messrs.  Clapperton,  of  Paisley,  have  latterly 
introduced  a  most  complete  and  elaborate  system  of  automatic 
bobbin  turning  machinery.  By  these  machines,  which  are  excellent 
examples  of  workshop  economics,  the  bobbins  are  turned  out  com¬ 
plete  from  the  slices  cut  off  by  the  circular  saw,  the  blanks  being 
completed  in  one  independent  cutting-out  apparatus,  and  then  fed 
into  the  turning  machine  by  a  self-acting  apparatus,  so  that  skilled 
labour  is  rendered  quite  unnecessary.  One  such  self-acting  turning 
machine  produces  about  eighty  gross  of  bobbins  per  day,  at  a  cost 
of  but  seven  shillings  for  skilled  labour. 

Up  to  a  comparatively  recent  period  the  weaver’s  healds  or 
heddles  were  made  either  entirely  by  knotting  by  hand,  or  by  the 
assistance  of  trivial  mechanical  adjuncts;  the  fingers  of  the  operator, 
however,  being  the  chief  agent  in  the  knitting  process.  The  earliest 
improvement  whereby  machinery  was  called  into  play  to  any 
important  extent,  was  brought  out  by  Messrs.  Berrie  &  Anderson 
of  Glasgow  in  1835,  and  upon  this  machine  Mr.  James  Buchanan, 
also  of  Glasgow,  has  since  built  up  a  most  complete  and  successful 
arrangement,  now  extensively  worked  in  Scotland  and  elsewhere. 
Messrs.  Berrie  &  Anderson’s  machine  served  also  as  the  funda¬ 
mental  basis  of  the  example  machine  in  the  Exhibition,  the  inven¬ 
tion  of  Mr.  George  Ward  of  Blackburn.  In  all  the  mechanical 
knitters  for  this  class  of  work  yet  tried,  the  two  braid  lines,  other¬ 
wise  “  backing,”  forming  the  top  and  bottom  lines  of  the  healds,  are 
stretched  across  an  open  frame,  and  the  heald  yarn  of  which  the 


healds  are  made  is  traversed  round,  and  over  this  backing,  by  a 
system  of  open  wheel -work;  special  hooks  or  fingers  being  employed 
for  executing  the  eyes  or  loops  in  the  heald,  through  which  the 
warp  threads  are  passed  when  fitted  up  in  the  loom.  The  base  of 
the  braid  in  Mr.  Ward’s  machine  is  attached  at  one  end  to  a  pair  of 
taking-up  pulleys  placed  on  one  shaft,  and  driven  by  a  series  ot 
toothed  gearing  from  the  main  driving  shaft,  change  wheels  being 
fitted  for  the  regulation  of  the  counts.  The  other  end  of  the  braid 
is  coiled  round  pulleys  having  a  weighted  action.  As  the  heald  is 
knitted  it  is  not  wound  upon  the  taking-up  pulleys,  but  is  passed 
over  rollers  adjusted  at  the  necessary  distance  apart;  so  that  the 
length  of  the  heald  is  produced  without  any  winding  upon  a 
drum.  The  braid  bands  are  coiled  on  bobbins  attached  to  holders 
fixed  at  one  end  of  tubular  shafts,  there  being  at  the  other  end 
the  usual  braiding  fingers  or  revolving  lappers.  The  bobbins 
are  actuated  by  gearing  connected  with  a  toothed  sector,  worked 
by  studs  on  a  toothed  wheel  in  connection  with  the  main  shaft. 
An  arm  in  connection  with  the  toothed  sector  regulates  the 
movement  of  the  revolving  lappers.  This  arm  operates  upon  a 
duplex  lever,  one  end  of  which  enters  a  hole  in  a  flange  on  one  ot 
the  tubular  shafts,  so  as  to  hold  the  lappers  as  required.  The 
toothed  wheel  carrying  the  studs  is  annular,  and  i6  supported  upon 
external  rollers,  so  as  to  leave  the  centre  of  the  wheel  open,  to 
allow  one  of  the  hollow  shafts  and  lappers  to  work  through  it. 
This  wheel  also  carries  a  bobbin,  the  thread  from  which  forms  the 
bottom  part  of  the  heald  as  the  wheel  revolves,  whilst  the  upper 
part  is  formed  by  hand.  The  braiding  needles  are  worked  by  a 
lever  worked  by  a  stud  in  connection  with  the  main  shaft ;  and  the 
same  lever  works  the  “  pusher,”  for  pushing  off  the  eyes  of  the 
heald.  The  pressers  for  the  hooked  needles  are  fitted  with  springs 
on  brackets,  which  latter  carry  studs  for  the  maintenance  of  the 
proper  depth  of  the  heald ;  and  to  push  the  eyes  off  the  heald,  the 
pusher  is  put  in  motion  by  a  lever  worked  from  a  bowl.  But  the 
most  important  improvement  introduced  by  Mr.  Ward,  is  the  mode 
of  threading  or  leasing  the  eyes  of  the  healds.  Instead  of  knitting, 
as  formerly,  upon  a  movable  bar  or  leasing-rod,  this  operation  is 
performed  upon  a  short  tube,  and  the  eye  of  the  heald  is  transferred 
as  it  is  formed,  to  the  leasing-rod.  The  leasing  band  attached  to 
the  bar  is  held  in  a  slanting  direction,  to  allow  the  topping  bobbin 
to  pass  beneath  and  form  the  coupling.  A  band  is  passed  through 
the  tube,  and  is  tied  to  the  backing  band  to  cause  the  traverse  of 
the  healds  upon  the  bar,  a  space  being  allowed  between  the  tube 
and  bar  to  enable  the  couplings  to  fall  down  and  permit  the  eye 
alone  to  pass  on  to  the  bar. 

BELGIUM  furnishes  some  good  examples  of  cotton  carding  engines, 
amongst  which  we  may  refer  to  a  well-made  carding  machine,  exhi¬ 
bited  by  A.  Rycx  of  Ghent  (248).  This  engine  is  of  a  very  simple 
construction,  is  easily  worked,  and  is  said  to  be  capable  of  laying  off 
more  than  800  lbs.  cotton,  working  72  hours  per  week.  It  is 
equally  applicable  to  the  American  or  Indian  fibre,  and  works  with 
very  little  waste  of  material. 

SWITZERLAND. — The  only  cotton  machinery  worthy  of  special 
notice  in  the  Swiss  department,  is  an  ingenious  can  roving  frame 
(95),  exhibited  by  the  inventor,  Jean  Beugger  of  Wulflingen.  In 
this  machine,  intended  for  the  slubbing  and  roving  of  cotton,  the 
differential  motion  imparted  to  the  spools  is  dispensed  with.  The 
slivers  are  wound  on  to  a  spindle  in  rings  of  equal  diameter,  laid  one 
on  the  top  of  the  other,  each  ring  or  coil  covering  a  portion  of  the 
preceding  rings  or  coils,  the  several  successive  rings  being  wound 
eccentrically  round  a  common  centre  or  spindle.  This  is  accom¬ 
plished  by  the  employment  of  a  can  fitted  internally  with  a  piston, 
which  is  covered  on  its  upper  surface  with  a  piece  of  cloth  or  other 
material  necessary  for  obtaining  the  requisite  friction  at  the  com¬ 
mencement  of  the  spool.  The  piston  is  perforated  in  the  centre, 
and  is  passed  over  a  spindle  which  serves  to  withdraw  the  spool  when 
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completed.  The  can  receives  a  rotatory  motion  from  a  bevel  pinion 
fitted  on  to  its  lower  extremity,  whilst  on  the  top  of  the  can  there 
is  fitted  a  collar  formed  with  teeth  round  its  circumference,  and 
receiving  a  rotatory  motion  from  a  spur  wheel.  Into  this  collar  is 
fitted  a  disc  or  ring,  which  carries  a  second  disc  fitted  eccentrically 
therein,  and  provided  with  teeth  on  its  periphery.  Above  the  collar 
there  is  fitted,  to  turn  loosely,  an  internally  and  externally  toothed 
wheel,  which  receives  its  rotatory  motion  from  a  spur  wheel  gearing 
into  the  external  teeth,  whilst  the  internal  teeth  give  motion  to  the 
eccentric  disc  already  referred  to.  The  can  thus 
revolves  by  means  of  the  bevel  gearing,  and  the 
eccentric  disc  in  the  top  of  the  can  revolves  on  its 
own  centre,  and  round  the  centre  or  axis  of  the  can, 
by  the  aid  of  the  collar  and  spur  wheel  arrange¬ 
ment.  The  ring  which  carries  the  eccentric  disc 
is  fitted  into  the  can  by  frictional  contact  only,  and 
may  therefore  be  removed  with  facility  for  the 
withdrawal  of  the  spool  from  the  can.  The  sliver, 
on  passing  from  the  drawing  rollers,  enters  a  hole 
in  the  eccentric  disc,  having  previously  been  passed 
through  a  guide  eye  fitted  on  to  the  top  of  the  can, 
and  its  extremity  rests  upon  the  surface  of  the  cloth 
on  the  top  of  the  piston.  This  peculiar  system  of 
forming  the  spool  causes  the  sliver  to  be  wound  in 
three  eccentric  rings  round  the  spindle,  a  slight 
twist  being  at  the  same  time  imparted  to  the  sliver. 

As  the  height  of  the  filled  portion  of  the  spool 
increases,  the  piston  descends  in  due  proportion, 


by  Messrs.  J.  Ferrabec  &  Company,  Stroud,  Gloucestershire,  is  to 
be  found  amongst  Messrs.  Platt’s  cotton  machinery.  A  perspective 
view  of  it  is  given  in  Fig.  452.  The  strap,  A,  is  the  prime  mover 
of  the  machine.  It  works  a  pulley,  the  shaft  of  which  gives  motion, 
through  the  spur  wheel  train,  n,  to  the  roller,  B,  which  supports  and 
moves  the  endless  travelling  lattice.  D  d  are  the  levers  of  a  vibrat¬ 
ing  frame,  the  long  levers  having  their  fulcra  on  the  spindle  of  the 
roller,  n,  whilst  the  short  levers  ars  jointed  to  the  carriages  of  the 
rollers,  E.  These  carriages  are  moved  backwards  and  forwards 


Ferrabee  &  Co.’s  Wool  Lap  Machine. 


until  the  various  coils  or  sets  of  eccentric  rings  have  completely  filled 
the  spool.  The  top  of  the  can  is  then  removed,  and  the  spool  with 
its  spindle  is  withdrawn. 

In  thus  summing  up  the  leading  features  of  the  existing  system  of 
cotton  machinery,  we  cannot  but  be  struck  with  the  fact  that  the  last 
eleven  years  have  been  by  far  more  fruitful  in  those  improvements 
which  relate  to  simplifications  of  details  and  accuracy  of  workman¬ 
ship  than  in  absolute  novelties.  In  point  of  workmanship,  it  may  be 
most  emphatically  said  that  the  stride  towards  perfection  has  been 
immense,  and  to  this  we  may  repeat  that  our  textile  manufactures 
owe  far  more  than  to  the  introduction  of  special  novelties. 

WOOL. — A  very  ingenious  and  effective  machine  for  forming 
“  bats  ”  of  fleece,  and  for  feeding  endless  “  bats  ”  to  carding  engines, 


upon  the  top  rails  of  the  fixed  frame  by  an  endless  belt  and  stud, 
taking  with  them  the  tin  rollers,  E,  and  the  vibrating  frame,  D.  At 
F  is  another  endless  travelling  lattice,  driven  by  the  cone  pulleys, 
G,  and  the  chain  and  wheels  therewith  connected ;  and  it  is  across 
this  lattice,  f,  that  the  tin  rollers,  E,  move  to  and  fro.  In  action, 
the  wool  to  be  operated  upon  is  received  upon  the  endless  travelling 
lattice,  C,  by  which  it  is  carried  to  the  space  between  the  rollers,  E, 
which  the  vibrating  frames,  D,  move  to  and  fro  across  the  lattice,  F, 
and  lay  the  wool  thereon,  in  fine  layers,  one  over  the  other;  but  the 
lattice,  F,  being  in  motion  at  the  same  time,  an  oblique  position  is 
given  to  every  layer,  a  little  behind  the  one  which  preceded  it.  The 
accumulative  thickness  of  the  layers  depends  upon  the  speed  at 
which  the  lattice,  F,  is  driven,  and  that  can  be  regulated  by  shifting 
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the  straps  on  the  cone  pully,  G.  The  wool  thus  laid  is  passed  from 
the  machine  by  the  lattice,  F.  The  speed  of  the  lattice,  c,  can  be 
altered  by  change  wheels,  so  as  to  adapt  the  machine  to  fold  any 
kind  of  wool.  In  the  ordinary  process  of  manufacturing  wool, 
three  several  carding  engines  are  required,  a  “scribbler,”  an 
“intermediate,”  and  “finisher.”  The  three  separate  cardings  are 
intended  to  effect  a  thorough  mixing  of  the  wool,  and  an  uniform 
distribution  of  its  fibres.  The  ordinary  practice  is  to  feed  the 
wool  in  weighed  quantities,  by  hand,  to  the  “  scribbler  ”  from  the 
“  doffer,”  from  which  it  is  stripped  by  a  vibrating  comb,  in  the 
shape  of  thin  fleece.  By  means  of  a  pair  of  rollers  placed  at  one 
end,  and  in  front  of  the  “  doffer,”  the  fleece  is  drawn  through 
a  revolving  tube,  and  thereby  formed  into  a  “roping”  or  “sliver,” 
which  is  conveyed  by  an  endless  travelling  cloth  to  a  diagonal 
feed-frame  attached  to  the  “  intermediate  ”  carding  engine,  and 
this  roping  is  laid  on  the  feed-frame  in  oblique  parallel  lines, 
a  number  of  which  are  presented  at  the  same  time  to  the  feed 
rollers  of  the  carding  engine.  After  passing  through  the  “  inter¬ 
mediate,”  the  wool  again  appears  in  a  thin  fleece,  and  is  again 
formed  into  a  roping,  and  fed  to  the  “  finisher  ”  carding  engine. 

This  system  of  roping  and  cross-feeding  is  effective  in  correcting 
irregularities  in  the  hand-feeding  to  the  “  scribbler,”  but  it  is  not  so 
successful  in  producing  an  uniform  distribution  of  the  fibres  on  the 
surface  of  the  doffer  of  the  finisher  in  readiness  for  the  action  of  the 
condenser.  The  roping  made  by  the  first  feeding  apparatus  must  be 
re-opened  by  the  “  intermediate,”  and  those  made  by  the  second  must 
be  re-opened  by  the  “  finisher,”  and  an  examination  of  the  workers  of 
the  “  finisher”  reveal  the  existence  of  a  number  of  small  locks  drawn 
from  the  ropings.  Now,  these  locks  are  not  again  sufficiently  dis¬ 
tributed  before  they  reach  the  “  doffer.”  The  bat  feeding  machine 
takes  up  the  fleece  in  its  full  width,  just  as  it  is  stripped  from  the 
doffer  of  the  “  scribbler ;”  then  by  the  combined  action  of  the  vibrat¬ 
ing  frame,  d,  the  lattice,  C,  and  the  rollers,  E,  the  fleece  is  carried  for¬ 
ward  and  laid  or  folded  backwards  and  forwards  across  the  lattice , 
F,  forming  then  what  is  technically  termed  a  “  bat,”  the  thickness 
of  which  is  determinable  by  the  rate  at  which  the  lattice,  F,  is  made 
to  move.  The  bat  thus  made  is  conducted  by  the  lattice,  F,  to  the 
intermediate  carding  engine,  and  after  undergoing  a  second  carding, 
the  wool  again  appears  in  the  form  of  a  thin  fleece ;  and  this  being 
taken  up  by  another  feeding  machine  is  formed  into  a  bat,  and  then 
conducted  to  a  finisher,  whence  it  is  delivered  to  a  condenser.  A 
bat  feeding  machine  may  be  arranged  to  form  and  conduct  bats  in 
a  direct  line  from  one  carding  engine  to  another ;  or  it  may  be  made 
to  form  what  is  termed  a  cross  bat,  feeding  it  into  a  carding  engine 
placed  at  a  right  angle  to  that  from  which  the  fleece  is  taken.  The 
illustration  represents  a  cross  bat  feeding  machine,  with  the  vibrating 
frame,  d,  lattice,  C,  and  rollers,  E,  arranged  to  lay  the  fleece  trans¬ 
versely  on  the  lattice,  F.  A  machine  made  to  receive  from 
one  carding  engine,  and  to  feed  in  a  direct  line  to  another,  would 
require  the  vibrating  frame,  D,  the  lattice,  C,  and  the  rollers,  E,  to 
act  in  the  same  direction  as  that  in  which  the  lattice,  F,  moves. 

FRANCE  has  sent  some  good  strong  woollen  power  looms  of  large 
size,  Jacquard  machinery  of  various  forms,  and  some  excellent  exam¬ 
ples  of  wool-carding  and  spinning  machinery. 

Amongst  the  French  exhibitors  we  have  L.  Bruneaux,  jun.,  of 
Rethel,  Ardennes  (1069),  and  P.  Bacot  of  Sedan,  Ardennes  (1070), 
who  each  exhibit  a  large  and  well  made  power  loom,  for  weaving 
woollen  fabrics,  the  healds  being  worked  direct  from  a  Jacquard,  with¬ 
out  the  introduction  of  jacks  and  tappet  wheels.  The  Jury  have 
awarded  “  honourable  mention  ”  to  the  latter  gentleman,  for  an 
arrangement  of  horizontal  sliding  shuttle  boxes  of  a  very  simple 
construction. 

Mons.  A.  Mercier  (1100),  of  Louviers  (Eure),  has  a  large  display 


of  woollen  machinerjq  including  combing  machines,  carding  and  lap 
machines,  throstles,  mules,  and  looms.  The  whole  of  this  machinery 
is  of  average  excellence,  but  is  not  remarkable  for  novelties.  A 
medal  has  been  awarded  to  this  gentleman  for  his  card,  throstle,  and 
loom,  and  also  for  his  assortment  of  machinery  generally.  In  the 
mule  we  noticed  a  peculiar  arrangement  of  the  counter  faller,  the 
arms  of  which  work  on  centres  at  the  back  of  the  mule  carriage, 
in  place  of  at  the  front  edge  with  the  faller.  One  of  the  looms 
exhibited  here  contains  a  simple  picking  motion,  consisting  of 
a  pair  of  snail  cams,  carried  side  by  side  on  a  short  shaft  parallel 
with  the  driving  end  of  the  loom.  These  two  cams  act  alternately 
upon  two  slides  so  as  to  draw  back  the  pickers  and  release  them 
again  suddenly,  the  stroke  being  given  by  means  of  a  helical  spring. 
The  throstle  exhibited  is  the  well-known  “  Niagara,”  which,  although 
a  most  ingenious  arrangement,  has,  nevertheless,  not  been  able  to 
supersede  the  spindle  and  flyer. 

A  simple  form  of  Jacquard  machine  is  exhibited  by  Durand  & 
Pradel  of  Paris  (1104).  In  this  machine,  which  is  constructed  on 
Bonnelli’s  principle,  a  sheet  of  properly  prepared  pattern  paper  is 
used,  and  the  needles  are  selected  by  electro-magnets. 

BELGIUM. — Celestin  Martin,  of  Pepinster,  by  Verviers,  has 
obtained  a  medal  for  a  wool-carding  engine,  and  for  apparatus  for 
oiling  the  fleece.  The  carding  engine  is  a  very  good  example  of 
machines  of  this  class.  It  is  generally  admitted  to  be  most  essential 
that  the  drums  of  carding  engines  should  preserve  their  perfect  cylin¬ 
drical  form,  that  is  to  say,  that  no  warping  or  twisting  of  the  cover¬ 
ing  should  occur.  To  obviate  this  defect,  M.  Martin  makes  his  drums 
and  rollers  of  sheet-iron,  covered  with  pasteboard,  enabling  sheets 
of  cards  to  be  used  as  on  wooden  drums,  and  still  preserving  light¬ 
ness,  and  preventing  the  waste  which  arises  when  the  cards  are 
applied  in  the  form  of  ribands  or  strips.  The  card  board  forms  a 
firm  holding  surface  for  the  nails  used  for  attaching  the  cards.  In 

this  engine  two  drums 
are  used,  and  the  laps 
are  formed  on  an  end¬ 
less  apron  in  lieu  of  on 
a  roll.  This  carding 
engine  is  fitted  with 
Martin’s  patent  adjust¬ 
able  collar  bearings,  for 
carrying  the  several 
spindles  of  the  carding 
rollers.  The  bearing 
itself  is  made  to  swivel 
freely  in  its  bracket  or 
support,  so  that  it  is  free 
to  adjust  itself  to  any 
angle,  and  thereby  in¬ 
sures  the  uniform  sup¬ 
port  of  the  journal  along 
the  entire  length  of  the 
bearing.  Figs.  453  and  454  represent  respectively  a  front  elevation 
and  longitudinal  section  of  one  of  these  bearings.  A  teazer  or  devil  is 
also  exhibited  here,  which  effectually  oils  the  wool  by  a  mixture  of 
oil  and  water,  distributed  in  a  perfectly  regular  manner  in  small 
quantities  over  the  surface  of  the  wool  under  operation.  These 
machines,  we  are  informed,  are  extensively  used  on  the  Con¬ 
tinent,  and  have  given  great  satisfaction. 

Messrs.  J.  D.  Houget,  and  C.  Teston  (226),  have  obtained  a  medal 
for  wool  cleaning  and  felting  machines  and  looms.  They  exhibit  a 
very  large  assortment  of  well-made  woollen  machinery,  embracing 
carding  engines  lap  machines,  cloth  shearers  and  looms,  but  we 
notice  no  special  or  important  points  of  novelty  in  them. 


Fig.  453.  Fig.  454. 


Martin’s  Adjustable  Bearings. 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862.  341 


2— SEWING,  PLAITING,  AND  FELTING  MACHINES. 

By  E.  P.  Alexander,  Esq.,  C.E. 

HE  adaptation  of  machinery  to  the 
stitching  and  uniting  of  fabrics  in  substi¬ 
tution  for  the  laborious  and  wearisome 
occupation  of  the  seamstress,  is  one  of 
the  latest  and  grandest  achievements  of 
mechanical  science.  To  America  the 
palm  must  he  awarded  not  only  for  the 
original  conception  of  a  sewing  machine, 
as  such,  hut  for  the  subsequent  rapid  development  of  the  first  idea, 
which  has  resulted  in  the  numerous  and  varied  mechanical  combina¬ 
tions  for  stitching  displayed  in  Class  7.  But  little  more  than  a  decade 
has  passed  since  the  first  of  these  true  labour-saving  machines  was 
brought  over  to  this  country  by  the  brother  of  the  inventor,  who  was 
at  that  time  a  poor  and  needy  young  mechanic,  dependent  upon  his 
daily  labour  for  the  support  of  himself  and  family,  yet  determined  to 
work  out  the  one  idea  nearest  his  heart — the  production  some  day  or 
other  of  a  “  Sewing  Machine.”  He  devoted  the  whole  of  his  spare 
moments  to  the  work,  until,  after  four  years  of  patient  toil,  his  efforts 
were  crowned  with  success,  and  in  the  year  1845  the  first  bond  fide 
“  Sewing  Machine”  was  produced  to  the  public.  This  poor  unknown 
and  indefatigable  inventor  is  now  the  millionaire,  Elias  Howe,  of  New 
York,  drawing  his  royalties  by  tens  of  thousands  of  pounds  sterling 
per  annum  from  all  the  sewing  machines  manufactured  in  the 
United  States.  The  first  machine,  which  was  brought  over  by  Mr. 
Amasa  B.  Howe  (the  brother  of  the  inventor),  was  purchased  by 
Mr.  William  Thomas  of  London,  with  the  right  of  patenting  the 
same,  for  the  trifling  sum  of  £250,  and  a  premium  of  £3  per  machine, 
should  the  adventure  prove  successful.  The  patent  was  accordingly 
applied  for  on  the  1st  of  December,  1846,  in  Mr.  Thomas’  name. 
This  machine  produced  the  “  lock-stitch,”  hereafter  referred  to,  but 
was  very  imperfect  in  the  feed  motion,  and  bore  little  or  no  resem¬ 
blance  to  the  sewing  machines  of  the  present  day.  It  may  not, 
perhaps,  be  generally  known  that  by  the  merest  chance  only  has 
England  lost  the  honour  of  having  given  birth  to  the  sewing  machine. 
John  Fisher,  a  young  lace-maker  of  Nottingham,  constructed  in 
1844  two  embroidering  machines,  in  one  of  which  he  sewed  a  fabric 
in  pattern  on  to  another  fabric  by  means  of  needles  and  shuttles, 
producing  the  shuttle  or  “  lock  stitch  ”  of  the  present  sewing 
machines,  and  in  a  similar  manner,  namely,  by  means  of  an  eye 
pointed  and  grooved  needle,  and  a  reciprocating  shuttle  passing  its 
thread  through  the  loops  of  the  needle  thread.  This  machine  was 
specially  introduced  for  embroidery  only,  and  although  so  very  near 
it,  the  inventor  never  contemplated  the  making  of  a  genuine  “sewing 
machine.”  Fisher  was  also  the  first  to  make  the  double  thread 
chain  or  “knotted  stitch,”  better  known  as  the  Grover  &  Baker 
stitch,  but  it  was  only  as  a  means  of  embroidering. 

The  original  patent  of  William  Thomas  having  expired,  the  manu¬ 
facture  of  sewing  machines  in  this  country  is  beginning  to  make 
head  way,  and  should  the  present  deplorable  state  of  affairs  in 
America  continue  much  longer  to  paralyze  the  trade  of  that  country, 
it  is  not  improbable  that  this  new  branch  of  industry  may  receive 
a  considerable  impulse  here. 

The  total  number  of  sewing  machines  which  have  been  manufac¬ 
tured  and  sold  in  America  and  Europe,  up  to  within  the  last  twelve 
months,  is  nearly  400,000,  of  which  two-thirds  at  least  were  made 
in  America.  The  value  of  the  labour  saved  by  these  machines  has 
been  estimated  at  nearly  £23,000,000;  a  single  machine  performing 
the  work  of  six  seamstresses.  Upwards  of  20,000  machines  are  in 
use  in  Great  Britain  and  Ireland,  employing  as  many  women  to  work 
them  at  wages  varying  from  eight  to  twelve  shillings  per  week. 


Sewing  machines  may  be  divided  generally  into  two  classes,  viz. : 
— 1.  Single  thread  Machines ;  2.  Double  thread  Machines.  These 
classes  may  each  be  subdivided  again  into  the  following  varieties: — 

Class  I. — 1.  Machines  making  a  “through  and  through”  or 
“  shoemaker’s  stitch.” 

2.  Machines  making  a  “running  stitch”  similar  to  hand  running. 

3.  Machines  making  a  chain  or  tambour  stitch. 

Class  II. —  1.  Machines  making  a  lock  or  shuttle  stitch. 

2.  Machines  making  the  double  loop,  chain,  or  “knotted”  stitch. 

Another  variety  of  machine,  which  may  be  placed  under  Class  2, 
is  a  lock  stitch  machine  using  three  threads,  which  we  shall  have 
occasion  more  particularly  to  refer  to  hereafter.  Machines  using 
more  than  two  threads  have  frequently  been  proposed,  but  we  can¬ 
not  learn  that  any  of  them  have  been  brought  into  extensive  use. 
The  only  varieties  of  machines  in  general  use  are,  the  “chain  stitch,” 
“lock  stitch,”  and  “knotted  stitch.”  The  stitch  (Fig.  455)  was  pro¬ 


duced  by  a  double-pointed  needle,  having  an  eye  in  the  centre,  and 
supplied  with  a  definite  length  of  thread,  in  lieu  of  the  thread  being 
obtained  in  a  continuous  manner  from  a  bobbin.  The  needle  was 
passed  bodily  through  and  through  the  fabric  by  the  aid  of  a  pair  of 
pincers,  or  holders,  disposed  above  and  below  the  same,  the  one 
releasing  the  needle  so  soon  as  the  other  had  seized  it  on  the  oppo¬ 
site  side.  In  this  way  the  needle  is  passed  from  side  to  side  of  the 
fabric,  the  end  of  the  thread  being  drawn  through,  and  the  stitch 
tightened,  by  a  vibrating  hooked  arm  or  other  suitable  instrument. 
By  having  the  needle  double  pointed,  the  necessity  for  reversing  it  at 
each  passage  was  overcome.  A  machine  of  this  construction  was 
patented  in  America  in  1842,  and  one  of  a  similar  description  was 
patented  in  this  country  by  Mr.  Thomas  in  1848,  but  neither  of 
them  are  of  any  practical  utility. 

The  “running stitch”  (Fig.  456)  is  made  in  a  similar  manner  to 


hand  running,  by  means  of  a  stationary  needle  pointed  at  one  end, 
and  having  an  eye  at  the  other,  to  which  is  secured  one  end  of  the 
thread,  supplied  continuously  from  a  bobbin  or  reel.  The  fabrics 
to  be  sewed  or  run  together  are  crimped  or  corrugated  by  means  of 
toothed  wheels  or  equivalent  mechanism,  and  simultaneously  pushed 
on  to  the  needle’s  point,  and  then  drawn  off  at  the  rear  end  of  the 
needle,  the  thread  being  run  into  the  material  in  the  manner  shown 
by  the  diagram  referred  to.  The  peculiar  loose  nature  of  this  sewing 
unfits  it  for  any  work  requiring  firmness  and  stability,  but  it  is  exten¬ 
sively  used  in  the  manufacturing  districts  for  running  on  lace  edgings, 
and  joining  or  tacking  together  lengths  of  fabrics  or  piece  goods.  A 
machine  for  sewing  fabrics  together  by  this  stitch  was  first  patented 
in  America  in  1843,  and  introduced  into  this  country  by  Mr.  Leonard 
Bostwick  in  1844. 

The  “chain  or  tambour  stitch”  (Fig.  457)  is  made  from  a  single 
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continuous  thread,  which  is  looped  into  itself  afterbeing  passed  through 
the  fabric.  This  is  the  simplest  form  of  stitch,  and  is  produced  by  very 
simple  mechanism,  and  when  properly  made  is  a  very  serviceable 
one.  M.  Thimmonnier,  a  French  subject,  applied  the  chain  stitch  to 


Fig.  457. 


Chain  or  Tambour  Stitch. 

the  uniting  of  fabrics  by  machinery  in  1848,  although  the  form  of 
the  stitch  itself  was  well  known  long  before  that  date. 

Indeed,  a  machine  for  ornamenting  or  embroidering  the  backs  of 
gloves  by  this  stitch  was  made  by  Messrs.  Newton  &  Archbold, 
of  Leicester,  as  early  as  1841 ;  but  it  was  never  contemplated  to  use 
it  as  a  sewing  machine,  although  the  writer  has  seen  the  original 
machine  unite  or  sew  together  two  fabrics  in  a  very  secure  manner ; 
it  lacked,  however,  the  proper  feed  motion  to  render  it  of  any  ser¬ 
vice  as  a  sewing  machine.  The  “lock  or  shuttle  stitch”  (Fig.  458) 


Fig.  458. 


Lock  or  Shuttle  Stitch. 


is  an  exceedingly  useful  one,  and  is  especially  applicable  to  manufac¬ 
turing  purposes.  In  this  stitch  two  threads  are  used,  the  one  being 
carried  by  an  eye-pointed  needle  and  passed  through  the  fabric  in 
the  form  of  a  loop,  and  the  other  carried  by  a  thread  case  or  shuttle 
of  its  own,  which  is  caused  to  pass  through  the  loop  of  the  needle 
thread  so  as  to  interlock  the  two  threads  together.  The  left  hand 
portion  of  the  diagram  shows  the  form  the  stitch  assumes  when  too 
much  tension  is  applied  to  the  under  thread,  in  which  case  it  lies 
straight  along  the  seam  and  upon  the  surface  of  the  fabric ;  but 
when  the  stitch  is  perfectly  made,  the  two  threads  will  interlock  in 
the  middle  of  the  thickness  of  the  fabric,  as  shown  at  the  opposite 
end  of  the  diagram.  The  machines  which  produce  this  stitch  are 
all  attended  with  the  troublesome  operation  of  filling  or  winding  the 
spools  or  bobbins  of  the  shuttles  or  thread  cases ;  and  as  these  are 
necessarily  small  in  order  to  pass  through  the  loop  of  the  needle  thread 
without  undue  extension  of  the  latter,  the  operation  of  filling  or 
winding  becomes  of  frequent  occurrence.  When  a  number  of  charged 
shuttles  can  be  always  kept  ready  to  hand,  as  in  a  manufactory, 
this  is  of  little  moment ;  but  in  the  case  of  family  machines  for 
domestic  use  it  becomes  a  serious  objection.  Although  this  stitch 
will  not  unravel  on  pulling  the  thread  ends  (an  objection  which  is 
strongly  urged  by  the  lock  stitch  machine  makers  against  all  looped 
stitching,  whether  composed  of  one  or  more  threads),  it  is  by  no 
means  the  most  secure  stitch  as  regards  its  hold  upon  the  fabric 
and  upon  itself,  and  when  severed  is  easily  ripped  out  by  drawing 
asunder  the  two  fabrics.  Another  objection  is  its  want  of  elasticity 
and  tendency  to  break  when  the  fabric  is  stitched.  It  is,  however, 
a  very  neat  form  of  sewing,  presenting  the  same  appearance  on  both 
sides  of  the  fabric.  There  is  a  variety  of  this  stitch  called  the 
“knot”  stitch,  in  which  a  twist  or  half-turn  is  given  to  one  of  the 
threads,  thereby  imparting  greater  stability  to  the  work  by  increas¬ 
ing  the  friction,  or  hold,  between  the  two  threads  and  the  material 
sewn.  A  mechanical  defect  is,  in  our  opinion,  unavoidably  attend¬ 
ant,  to  a  greater  or  less  extent,  according  to  workmanship,  upon 
all  machines  producing  the  lock  stitch  by  means  of  a  reciprocating 
shuttle,  viz.,  the  great  expense  of  power  and  friction  incurred  in 
driving  the  shuttle  to  and  fro  in  its  race,  not  to  mention  the  objec¬ 
tionable  noise  arising  from  the  striking  of  the  driver,  at  each 
traverse,  against  one  end  or  the  other  of  the  shuttle.  An  ordinary 


shuttle  averages  two  and  a  quarter  inches  in  length,  and  weighs  at 
least  a  quarter  of  an  ounce  ;  but  in  many  machines  this  weight  is 
exceeded.  To  complete  a  single  stitch  the  shuttle  must  advance 
its  entire  length  through  the  loop,  and  recede  the  same  distance, 
thus  travelling,  say,  four  inches  at  each  stitch.  As  this  movement 
is  intermittent  or  reciprocatory,  the  shuttle  has  to  be  started,  moved 
forward,  and  stopped — started,  moved  back,  and  stopped  again 
before  a  single  stitch  can  be  made ;  consequently  power  must  be 
applied  to  start  the  shuttle  twice,  stop  it  twice,  and  propel  it  four 
inches  at  each  stitch,  over  and  above  the  power  required  for  driving 
the  needle  arm  and  feed  mechanism.  Now  if  the  machine  be  run 
at  a  speed  of,  say,  1000  stitches  per  minute,  which,  although  a  fair 
speed  for  a  shuttle  machine,  is  very  much  below  the  average  rate 
of  working  in  many  other  kinds  of  sewing  machines,  the  shuttle 
will  have  to  be  driven  at  the  rate  of  4000  inches  per  minute,  or 
rather  more  than  one  hundred  and  eleven  yards  !  and  be  started  and 
stopped  4000  times,  which  requires  an  expenditure  of  power  equal 
to  the  displacement  of  sixty-three  pounds  through  a  space  of  four 
inches,  and  overcoming  its  inertia  and  momentum  in  a  minute, 
plus  the  power  necessary  for  actuating  the  rest  of  the  mechanism. 
All  this  involves  the  necessity  for  cumbrous  mechanism,  rendering 
the  machines  comparatively  speaking  both  hear^  and  noisy.  For 
strong  manufacturing  purposes  the  reciprocating  shuttle  machine 
answers  sufficiently  well ;  but  when  it  is  attempted  to  lighten  the 
parts,  so  as  to  adapt  the  machines  to  fine  work,  the  defects  above 
mentioned  become  more  evident.  The  “knotted”  or  “  Grover  & 
Baker  stitch”  (Fig.  459),  which  must  not  be  confounded  with  the 


Fig.  459. 


Knotted  or  Grover  &  Baker  Stitch. 


“knot”  stitch,  from  which  it  essentially  differs,  is  produced  by 
interlooping  two  threads  with  each  other  in  the  form  of  loops;  that 
is  to  say,  a  loop  of  the  upper  thread  is  forced  through  the  fabric 
as  in  the  lock  stitch,  but  in  place  of  the  under  thread  being  car¬ 
ried  entirely  and  singly  through  such  loop,  it  is  passed  through 
it  doubled,  or  in  the  form  of  a  second  loop,  which  loop,  after 
passing  through  the  loop  of  the  upper  thread,  is  itself  traversed  by 
the  succeeding  loop  of  that  thread,  and  so  on,  each  thread  looping 
into  the  other  and  producing  a  highly  ornamental  stitch,  a  ridge 
or  braid  being  formed  on  one  surface  of  the  fabric,  whilst  the  other 
assumes  the  appearance  of  ordinary  hand  stitching.  This  property 
renders  it  admirably  adapted  to  embroidery  or  ornamental  sewing, 
but  is  said  to  be  objectionable  in  garments  or  articles  requiring  to 
be  ironed,  as  the  raised  ridge  on  the  one  side  is  apt  to  be  caught 
by  the  point  of  the  iron,  and  the  integrity  of  the  seam  thereby 
destroyed.  This  is,  really  speaking,  more  a  theoretical  objec¬ 
tion  than  a  practical  one.  We  have  inspected  what  is  called  “  plain 
work”  produced  by  this  class  of  machines,  in  which  the  “  objection¬ 
able  ridge”  was  hardly  perceptible.  A  graver  objection,  however, 
is  the  great  amount  of  thread  consumed  by  it.  The  first  sewing 
machine  making  this  stitch  was  introduced  into  this  country  in  the 
year  1852.  The  Grover  &  Baker  Sewing  Machine  Company  of 
New  York  are  the  sole  proprietors  of  this  machine. 

At  the  Exhibition  of  1851  there  were,  we  believe,  two  or  three 
imperfectly-constructed  sewing  machines  exhibited,  whilst  in  1862 
we  have  nearly  fifty  different  arrangements  distributed  amongst 
twenty  exhibitors,  and  this  without  taking  into  account  several 
worthless  specimens.  To  avoid  confusion,  and  for  the  convenience 
of  reference,  we  have  noticed  the  exhibitors  in  their  alphabetical 
order. 

BRADBURY  &  CO.  of  Oldham  (1560)  exhibit  in  the  Processes 
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Court  an  ingeniously  arranged  shuttle  machine,  called  the  “  Empire 
Sewing  Machine,”  the  invention  of  Joseph  M'Crossan  of  Glas¬ 
gow.  The  chief  distinguishing  feature  of  this  machine  is  the 
arrangement  of  mechanism  for  imparting  a  differential  motion  to  the 
vertical  needle,  which  is  straight  and  carried  in  a  vertical  slide. 
The  needle  bar  or  slide  is  actuated  by  a  revolving  crank  pin  carried 
by  a  short  driving  shaft  in  the  upper  and  back  part  of  the  over¬ 
hanging  bracket  arm.  This  crank  pin  is  connected  by  a  short  link 
to  a  second  crank  pin  on  a  disc  which  is  fitted  on  to  the  rear  end 
of  another  shaft  parallel  to  the  former,  but  placed  slightly  eccentric 
thereto,  as  will  be  seen  in  the  annexed  illustrations  (Figs.  460  and 
461).  This  shaft  is  also  carried  in  the  bracket  arm,  and  is  provided 
at  its  front  end  with  a  second  disc  and  crank  pin,  which  transmit 
motion  to  the  needle  slide  or  bar  through  a  link  or  short  connecting  rod 
jointed  to  the  lower  end  of  the  slide.  By  this  mode  of  driving  a  peculiar 
differential  motion  is  imparted  to  the  needle.  It  is  caused  to  pause 
when  in  its  lowest  position,  so  as  to  allow  the  shuttle  to  pass  freely 
through  its  loop,  whilst  the  rising  motion  is  rapid,  but  gradually  dimi¬ 
nishes  in  speed  again  as  the  needle  descends.  The  peculiarity  of  this 
arrangement  is,  that  no  cams  are  required  for  producing  the  varying 
motion  ;  indeed  it  is  one  of  its  distinctive  features  that  no  cams 
whatever  are  employed,  the  whole  of  the  requisite  motions  being 
derived  from  the  single  crank  pin  carried  by  the  short  driving  shaft 
above  referred  to.  A  connecting  rod  descends  from  this  crank  pin, 
and  is  jointed  to  a  lever  on  a  rocking  shaft  below  the  bed  plate, 


Fig.  460.  Fig.  461. 


Bradbury  &  Company’s  Empire  Machine. 


which  shaft  transmits  motion  to  a  lever  which  drives  an  improved 
friction  wheel  feed,  and  to  a  link  connected  to  the  shuttle  driver. 

W.  CARVER  (1566)  exhibits  three  machines  in  the  Processes 
Court,  two  of  which  are  shuttle  machines,  being  mere  copies  of 
Thomas’  machine,  with  a  simplified  arrangement  of  spring  for  taking 
up  the  slack  of  the  needle  thread.  The  third  machine  is  an  exact 
copy  of  the  first  Grover  &  Baker  machine  imported  into  this 
country.  They  are  better  known  in  the  north  as  the  “  Lancashire 
sewing  machines.”  As  we  have  fully  described  the  principles  of 
these  machines  under  the  heads  of  their  respective  original  proprie¬ 
tors  further  notice  here  is  unnecessary. 

H.  FERRABEE. — A  machine  (1597),  yclept  the  “  British  Sewing 
Machine,”  although  owing  its  origin  to  American  soil,  is  exhibited 
by  H.  Ferrabee  of  High  Holborn.  It  is  a  lock  stitch  machine, 
provided  with  a  stationary  discoidal  thread  case  below  the  cloth 
plate,  and  has  a  peculiar  rotatory  hook  working  in  conjunction  with 
an  eye-pointed  needle  for  the  purpose  of  catching  the  loop  of  the 
needle,  and  passing  it  round  the  thread  case,  so  as  to  interlock  the 
thread  contained  in  the  thread  case  with  the  loop  of  the  needle 
thread,  thereby  producing  the  lock  or  shuttle  stitch  previously 
referred  to.  Fig.  462  represents  a  side  elevation  of  this  machine 
in  working  order.  The  needle  carries  its  thread  through  the  fabric 
in  the  form  of  a  loop,  and  by  rising  slightly  opens  that  loop,  so 
as  to  enable  the  nose  of  a  hook  to  enter  therein  with  greater 
certainty.  This  hook  forms  the  upper  extremity  of  a  lever,  which 


is  centred  upon  a  crank  pin  in  a  disc,  on  the  end  of  the  main 
driving  shaft,  its  lower  end  being  jointed  to  a  link,  the  backward 
extremity  of  which  turns  on  a  stud  pin  fixed  to  the  under  side  of 
the  bed  plate.  On  rotating  the  crank,  the  hook  describes  an  ellip¬ 
tical  course  round  the  thread  case,  carrying  with  it  the  loop  of  the 
under  thread,  and  after  passing  it  under  the  thread  case  releases 
it  as  it  rises  again  on  the  opposite  side. 


Ferrabee’s  Sewing  Machine — Side  Elevation. 


GUINNESS  &  CO. — A  shuttle  machine  (Fig.  463),  embracing  several 
peculiarities,  is  exhibited  by  Guinness  &  Co.  (1612),  in  the  Pro¬ 
cesses  Court.  We  have  seen  several  specimens  of  ornamental 
stitching  produced  by  this  machine  on  the  finest  muslin,  and  even 
upon  net  itself.  The  machine  is,  however,  equally  applicable  to 
ordinary  stitching  for  manufacturing  or  for  family  purposes.  A 
single  needle,  or  two  or  more  needles,  are  employed,  according  to 
the  kind  of  stitch  to  be  produced.  These  needles  are  straight,  but 
in  place  of  being  attached  to  a  vertical  slide  immediately  over  the 


Guinness’  Machine. 


fabric,  they  are  attached  to  the  end  of  an  arm,  which  projects  hori¬ 
zontally  from  a  slide  working  vertically  along  parallel  guide  rods  at 
the  rear  end  of  the  fixed  bracket  arm ;  hence  the  slide,  which  re¬ 
quires  to  be  lubricated,  is  situate  some  distance  from  the  fabric,  and 
the  risk  of  injury  to  the  latter  by  the  dropping  of  oil  thereon  is 
obviated.  There  is  a  peculiarity  also  in  the  form  of  the  shuttle,  the 
nose  of  which  is  made  above  the  longitudinal  axis  of  the  shuttle, 
and  instead  of  the  descent  of  the  needle  being  regulated  so  that  its 
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Fig.  464. 


eye  will  pass  below  the  bottom  of  the  shuttle,  as  is  the  case  in 
ordinary  shuttle  machines,  the  eye  of  the  needle  descends  only  so 
far  as  to  clear  the  underside  of  the  nose  of  the  shuttle.  This 
arrangement  affords  facility  for  using  shuttles  of  various  sizes  in 
one  machine,  without  altering  the  stroke  of  the  needle,  provided 
the  points  of  the  shuttles  are  all  at  the  same  height.  It  is  impor¬ 
tant  that  there  should  be  as  little  tension  as  possible  upon  the 
needle  thread  whilst  the  shuttle  is  passing  through  and  expanding 
the  loop ;  and  to  obtain  this  the  thread,  as  it  passes  from  the  bob¬ 
bin,  is  lead  off  in  a  direction  away  from  the  needle,  and  after  passing 
through  a  suitable  tension  apparatus,  it  traverses  an  eye  in  the  end 
of  a  vibrating  lever,  whence  it  passes  back  to  the  eye  of  the  needle. 
When  the  thread  is  required  to  be  slack  for  the  passage  of  the 
shuttle  through  the  loop,  the  lever  is  acted  upon  by  a  pin  on  the 
slide,  and  thrown  forward  so  as  to  give  out  a  sufficient  amount  of 
slack  thread  to  form  a  loop  through  which  the  shuttle  can  pass 
easily.  Another  pin,  on  the  same  slide,  moves  the  lever  back  again 
to  its  original  position  when  the  slack  thread  is  taken  up,  the  stitch 
tightened,  and  as  much  thread  as  was  required  in  forming  the 
stitch  drawn  from  off  the  bobbin.  In  place  of  the  shuttle  traversing 
an  ordinary  groove  or  shuttle  race,  it  is  carried  in  a  holder  which 
slides  to  and  fro  along  a  horizontal  guide  bar  spindle,  passing 
through  a  hole  in  the  shuttle  holder.  The  material  is  traversed 
stitch  by  stitch  under  the  needle  by  an  ingenious  modification  of 
what  is  known  as  the  “  four  motion  feed,"  which  we  refer  to  more 
particularly  hereafter,  under  our  notice  of  the  Grover  &  Baker 
machines  exhibited  by  Mr.  Newton  Wilson.  The  feeding  surface 
when  sewing  very  fine  fabrics  is  made  smooth  in  place  of  serrated, 
as  it  is  found  that  a  smooth  surface 
will  give  the  necessary  hold  upon  the 
fabric  to  propel  it  forward,  whilst  it 
is  not  so  liable  to  injure  the  material 
as  when  it  is  formed  with  teeth  or 
serrations  upon  its  surface.  This  feed¬ 
ing  surface  is  also  so  shaped  as  to 
operate  both  in  front  of  and  behind 
the  needle,  or,  in  other  words,  in  a 
line  with  the  stitches,  so  that  they 
are  always  held  firmly  between  the 
feeding  surface  and  the  presser  foot, 
which  is  a  most  important  requisite 
when  operating  upon  net  or  other  fabrics  of  an  extremely  light 
and  open  texture.  The  feeding  surface  (Fig.  464)  is  formed  on 
the  upper  end  of  a  bar,  having  a  vertical  slot  made  in  it,  through 
which  an  adjustable  pin  carried  by  the  bed  plate  or  table  of  the 
machine  passes.  The  lower  end  of  the  bar  is  connected  to  a 
revolving  crank  pin,  on  the  end  of  the  main  shaft  of  the  machine. 
When  this  crank  pin  is  rotated,  the  upper  end  or  feeding  surface  of 
the  bar  rises  and  falls  to  an  extent  equal  to  the  throw  of  the  crank, 
and  also  moves  laterally,  which  lateral  motion  imparts  the  desired 
feed  to  the  material.  This  feed  is  regulated  or  varied  so  as  to  pro¬ 
duce  long  or  short  stitches  by  altering  the  position  of  the  pin  forming 
the  fulcrum  or  working  centre  of  the  slotted  feed  bar.  Thus  on  lower¬ 
ing  the  pin  in  the  slot  the  lateral  throw  of  the  feeding  surface  will  be 
increased,  and  the  contrary  effect  is  of  course  produced  by  raising 
the  pin.  The  whole  of  the  working  parts  of  this  machine  are  actuated 
by  cranks,  in  lieu  of  cams.  The  slide  for  working  the  needle  is  con¬ 
nected  by  a  short  link  to  a  crank  pin  on  the  side  of  the  driving  pulley. 
The  shuttle  driver  is  also  traversed  to  and  fro  by  another  crank  and 
link  at  the  front  end  of  the  driving  shaft,  and  the  feed  bar  is  actuated 
by  a  third  crank  or  eccentric  pin  on  the  extreme  end  of  the  driving 
shaft,  as  already  described.  This  is  an  excellent  arrangement, 
avoiding  the  additional  friction  which  always  accompanies  the  use 
of  cams,  and  greatly  simplifying  the  construction  of  the  machine. 
Another  advantage  which  arises  from  this  mode  of  actuating  the 


Guinness’  Feed  Motion. 


parts,  and  which  should  not  be  overlooked,  is  the  power  of  working 
the  machine  equally  well  in  either  direction,  the  fabric  being  fed 
either  from  or  towards  the  operator  at  will,  by  simply  reversing  the 
motion  of  the  machine.  When  two  needles  are  used  in  this  machine 
they  are  placed  parallel  to  each  other,  and  in  a  line  with  the  direc¬ 
tion  in  which  the  work  is  propelled;  consequently  they  only  produce 
one  line  of  stitches.  Each  needle  is  supplied  with  a  separate  thread 
of  its  own,  and  the  shuttle  with  its  filling  thread  passes  through  both 
the  loops  of  the  needle  thread  at  one  traverse,  the  result  being  a 
three  thread  lock  stitch  possessing  great  elasticity. 

A  great  variety  of  stitches,  one  of  which  is  shown  at  Fig.  465, 
can  be  produced  when  using  two  needles  and  a  shuttle,  by  simply 


Fig.  465. 


Guinness’  Stitch. 


varying  the  feed  of  the  cloth,  a  property  which  is,  we  believe,  peculiar 
to  this  machine. 

Guinness  &  Company  have  obtained  “honourable  mention”  for 
their  sewing  machines,  and  are  the  only  British  exhibitors  who  have 
been  noticed  by  the  jury  in  their  awards.  These  machiues  are 
undoubtedly  worthy  of  distinction,  and  we  are  glad  they  have  not 
been  passed  over;  but  the  awards  generally  in  this  section  have 
been  so  unaccountably  made  that  they  are  utterly  useless  as  real 
criterions  of  merit. 

M'KENZIE  8c  COMPANY,  Glasgow. — The  sewing  machines  exhi¬ 
bited  by  this  firm  (1653)  in  the  Processes  Court  are  all  of  the  shuttle 
variety,  the  shuttle  being  driven  by  a  crank  on  the  main  shaft,  which 
is  placed  transversely  to  the  bracket  arm.  A  four  motion  duplex 
feed,  working  below  the  cloth,  is  also  used,  and  a  simple  contrivance 
is  adopted  for  changing  the  direction  of  the  feed  at  will,  causing 
the  material  to  be  traversed  either  iu  a  direction  parallel  to  the 
bracket  arm  or  at  right  angles  thereto,  as  desired.  The  stitch-regulat¬ 
ing  screw  is  also  on  the  table  of  the  machine,  which  is  undoubtedly 
a  convenient  arrangement.  These  machines  are  all  well  made,  and 
admirably  adapted  to  their  work. 

S.  C.  SALISBURY  of  Coventry  exhibits,  in  the  Processes  Court  (1698), 
some  well  finished  ingenious  lock  stitch  machines,  which  are  well 
worthy  of  commendation.  One  variety  of  these  machines  produces 
the  kind  of  lock  stitch  known  as  “knot  stitch,”  that  is  to  say,  a  lock 
stitch  wherein  a  twist  is  made  in  the  loop  of  the  needle  thread  before 
the  under  thread  is  passed  through  it,  this  twist  imparting  extra 
security  and  firmness  to  the  sewing.  In  these  machines  a  peculiar 
thread  case  is  used  in  lieu  of  the  usual  shuttle,  the  thread  case  being 
sufficiently  large  to  contain  an  ordinary  thread  bobbin  or  reel,  which 
is  slipped  inside  it  without  any  necessity  for  winding  or  filling  the 
spool  of  the  shuttle,  so  troublesome  in  all  other  lock  stitch  machines. 
A  to-and-fro  longitudinal  motion  is  imparted  to  the  thread  case,  for 
the  purpose  of  passing  it  through  the  loop  of  the  needle  thread.  It 
receives  at  the  same  time  a  reciprocating  rotatory  motion,  for  the  pur¬ 
pose  of  opening  the  loop  and  passing  it  round  the  thread  case,  a  small 
hook  on  the  end  of  the  thread  case  catching  the  loop  of  the  needle 
thread,  and  opening  it  so  as  to  pass  it  over  the  thread  case,  somewhat 
after  the  manner  of  the  rotating  hook  in  the  Wheeler  &  Wilson 
machine  described  below.  A  considerable  amount  of  mechanical 
skill  is  displayed  in  the  general  arrangement  of  the  working  parts  of 
these  machines,  and  we  have  little  doubt  that  when  better  known  they 
will  find  a  place  amongst  the  standard  sewing  machines  of  the  day. 
As  yet  they  are  in  their  infancy.  The  second  form  of  lock  stitch 
machine  consists  of  a  modification  of  the  Thomas  machine,  by  which 
all  the  usual  rotating  cams  are  dispensed  with,  and  the  differential 
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motions  are  obtained  by  means  of  a  revolving  crank  pin  working  in 
differential  slots  in  the  parts  directly  acted  upon.  The  shuttle  race 
is  perfectly  open  below,  the  driver  traversing  a  pair  of  parallel  longi¬ 
tudinal  spindles,  somewhat  similar  to  the  arrangement  of  the  pickers 
in  a  loom, ’and  consequently  the  danger  of  clogging  up  the  race  with 
dust  or  “fluff”  is  obviated.  In  both  these  kinds  of  machines  the  four 
motion  top  feed  is  employed,  and  a  positive  lift  and  throw  is  imparted 
to  the  foot  by  separate  and  special  cams  for  the  purpose. 

R.  E.  SIMPSON  &  CO.,  Glasgow. — Several  substantially-made 
shuttle  machines  are  shown  by  Messrs.  R.  E.  Simpson  &  Company  in 
the  Processes  Court  (1708).  They  contribute  both  heavy  manufac¬ 
turing  machines  for  leather  stitching  and  similar  strong  work,  as 
well  as  family  and  dressmaking  machines.  The  heavy  machines 
are  adapted  for  receiving  tubular  articles,  and  are  provided  with  a 
duplex  feed  motion  somewhat  similar  to  that  of  M'Kenzie,  but  not 
so  easy  of  adjustment  in  changing  the  direction  of  the  feed.  The 
needle  is  carried  by  a  vertical  slide  worked  from  a  crank  pin,  a 
second  crank  actuating  the  shuttle,  thus  dispensing  with  cams. 
The  feeding  surface  is  of  th  a  four  motion  variety,  and  situate  below 
the  material.  It  is  driven  to  and  fro  by  means  of  a  projection  on 
the  boss  of  the  crank  which  drives  the  shuttle,  whilst  its  vertical 
motion,  or  lift,  is  driven  from  an  incline  on  the  shuttle  driver ;  this 
incline  passing  under  the  feed  bar,  and  raising  it  each  time  the 
driver  moves  forward.  We  are  glad  to  observe  an  advance  in 
another  direction  here,  namely,  in  the  adaptation  of  the  sewing 
machine  to  elegant  and  useful  articles  of  furniture.  “  The  Daven¬ 
port  Sewing  Machine,”  exhibited  by  Messrs.  Simpson,  is  a  note¬ 
worthy  adaptation  of  this  kind.  The  machine  is  inclosed  within 
the  top  of  an  ordinary  Davenport  or  lady’s  writing  desk,  the  slope 
being  made  to  draw  forward  on  its  table  or  support,  so  as  to  expose 
the  machine  when  required  for  use.  The  desk  itself  is  not  a  mere 
sham  for  the  sole  purpose  of  inclosing  the  machine,  but  is  a  veritable 
writing  desk,  with  hinged  slope  and  drawers  for  containing  writing 
and  sewing  materials. 

W.  F.  THOMAS  &  CO.  (1726),  the  original  proprietors  in  this 
country  of  Elias  Howe’s  first  sewing  machine,  have  a  large  collection 
of  different-sized  shuttle  machines,  suited  to  family  and  manufactur¬ 
ing  purposes.  Although  these  machines  have  been  manufactured  for 
several  years  past  under  the  original  patent  of  1846,  in  Mr.  William 
Thomas’  name,  they  bear  no  resemblance  to  the  machine  illustrated 
and  described  in  the  specification  of  the  patent  referred  to ;  the  only 
elements  retained  being  the  grooved  needle,  with  an  eye  near  the 
point,  working  in  combination  with  a  reciprocating  shuttle.  Viewing 
this  machine  (Fig.  466)  as  a  piece  of  mechanism  intended  to  pro¬ 
duce  certain  results,  we  must  say  that  it  is  by  no  means  a  well- 
proportioned  or  compactly  arranged  sewing  machine.  The  great 
distance  between  the  cams  and  the  parts  to  be  actuated,  entails  the 
employment  of  levers  and  connecting  rods  of  a  length  which  detract 
greatly  from  the  appearance  of  the  machine,  by  destroying  the  com¬ 
pactness  and  harmony  which  are  always  to  be  found  in  any  really 
well-designed  piece  of  mechanism,  for  whatever  purpose  it  may  be 
intended.  As  this  machine  has  been  before  the  public  so  long,  a 
very  few  explanatory  remarks  will  be  required.  It  is  a  shuttle  or 
lock  stitch  machine,  and  is  provided  with  a  top  four  motion  feed. 
The  needle  is  carried  in  a  vertical  slide  actuated  by  a  vibrating 
lever,  which  works  outside  the  bracket  arm,  and  is  driven  by  a  cam 
groove  made  in  a  solid  disc,  which  answers  the  purpose  also  of  a 
fly  wheel.  In  this  disc  are  formed  the  other  cam  surfaces  required 
for  actuating  the  shuttle  and  the  feed  motion.  The  thread  from 
the  bobbin  passes  through  an  eye  in  the  end  of  an  adjustable  arm, 
attached  to  the  front  part  or  head  of  the  overhanging  bracket,  and 
thence  to  an  eye  in  the  extremity  of  an  auxiliary  lever  for  taking 
up  the  slack  and  tightening  the  stitch,  such  lever  being  lifted  by  a 
pin  in  the  needle  slide,  and  consequently  draws  the  thread  tight  at 
every  stitch.  The  regulation  of  the  amount  of  thread  drawn  off  the 


bobbin  at  each  stitch,  in  accordance  with  the  thickness  of  the 
material,  is  effected  by  raising  or  lowering  the  adjustable  arm  so  as 
to  vary  the  angle  of  the  thread  between  the  bobbin  and  the  auxi¬ 
liary  lever  or  finger. 

Fig.  466. 


Thomas’  Machine  and  Shuttle. 


MESSRS.  WHIGHT  &  MANN  of  Ipswich  exhibit  in  the  Processes 
Court  a  simple  and  cheap  form  of  sewing  machine  (Fig.  467), 
which  answers  very  well  for  heavy  work,  but  is  not  so  well  adapted 
to  the  finer  descriptions  of  fabrics.  This  machine  produces  the 
double  thread  chain  or  “  knotted  ”  stitch,  already  described  and 
illustrated  as  the  Grover  &  Baker  stitch.  The  instruments  em¬ 
ployed  in  forming  this  stitch  are  an  eye-pointed  needle,  having 
a  vertical  and  lateral  or  oscillating  motion,  and  a  reciprocating 
looper.  The  lateral  motion  of  the  needle  imparts  the  feed  motion 
to  the  fabric,  thus  dispensing  with  any  special  feed  mechanism. 
This  mode  of  feeding,  however,  is  neither  novel  nor  peculiar  to 
the  Whight  &  Mann  machine,  although  the  only  one  of  the  kind 
exhibited.  The  needle  is 
carried  by  a  vertical 
needle-holder,  which 
connected  at  its  upper 
end  to  a  crank  pin  fitted 
in  a  disc  on  the  end  of  the 
main  driving  shaft  which 
works  in  the  upper  part  of 
the  bracket.  The  lower 
portion  of  this  holder  works 
through  a  tubular  guide 
which  is  free  to  oscillate  on 
a  stud  centre,  to  allow  for 
the  lateral  vibratory  motion 
of  the  needle  carrier.  This 


Fig.  467. 


Wliiglit  &  Mann’s  Sewing  Machine. 


tubular  guide  is  carried  in  a  slot  in  the  front  end  of  the  fixed  bracket, 
and  is  capable  of  vertical  adjustment  for  the  purpose  of  varying  the 
lateral  throw  of  the  needle,  and  consequently  regulating  the  length 
of  the  stitch.  The  under  mechanism  consists  of  a  nearly  straight 
reciprocating  looper,  having  an  eye  near  its  point,  through  which  the 
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second  or  under  thread  is  passed ;  this  looper  is  carried  by  the  end 
of  a  horizontal  arm  actuated  by  a  vibrating  lever  and  cam  inside 
the  pillar  or  main  portion  of  the  fixed  bracket.  The  objection  to 
these  machines  when  sewing  very  light  work,  is  the  liability  of  the 
fabric  being  injured  or  torn  by  the  drag  or  strain  of  the  needle  upon 
it  in  feeding — hence  their  inapplicability  to  very  fine  work. 

NEWTON  WILSON  &  CO.  exhibit,  in  the  Processes  Court  (1675), 
a  large  assortment  of  admirably  constructed  sewing  machines,  and 
some  beautiful  specimens  of  work  produced  by  them.  These 
machines  are  mostly  from  the  works  of  the  Grover  &  Baker  Sew¬ 
ing  Machine  Company  of  Boston,  U.S.,  America,  and  are  imported 
here  in  a  partially  manufactured  state,  and  then  completed  for  use 
in  this  country  by  N.  Wilson  &  Company.  The  Grover  &  Baker  manu¬ 
facture  comprises  “  lock  ”  and  “  knotted  ”  stitch  machines.  The 
lock  stitch  machines  here  exhibited  are  of  an  entirely  novel  con¬ 
struction  ;  a  peculiar  reciprocating  loop  retainer  in  connection 
with  the  shuttle  carrier  or  driver  being  used  for  the  purpose  of 
entering  and  taking  the  loop  of  the  needle  thread,  and  retaining  it 
until  the  pointed  end  of  the  shuttle  has  entered  therein,  when,  as 
the  shuttle  continues  to  enter  the  loop  of  the  needle  thread,  the 
loop  passes  off  the  hook.  These  machines  are  extremely  easy  of 
operation,  rapid  in  their  action,  and  less  noisy  than  machines  of 
the  shuttle  class  usually  are. 

THE  KNOTTED  STITCH  MACHINE,  of  which  Fig.  468  repre¬ 
sents  a  sectional  perspective  view,  as  adapted  for  ordinary  family 


and  dressmaking  purposes,  is  one  of  the  most  useful  machines  in 
the  trade,  as  it  is  not  only  capable  of  producing  the  finest  stitching 
(for  examples  of  which  see  the  work  displayed),  but  has  the  fur¬ 
ther  property  of  imparting  a  highly  ornamental  appearance  to  the 
work  in  cases  where  a  braiding  or  embroidering  effect  is  desired ; 
these  two  properties  are  inherent  in  the  composition  of  the  stitch, 
as  will  be  readily  seen  in  reference  to  the  diagram  of  the 
“  knotted  ”  stitch,  given  at  Fig.  459,  previously 
Fig. 469.  referred  to.  In  this  machine  the  stitch  is  produced 
by  the  ordinary  needle  working  in  combination 
with  a  peculiar  curvilinear  looper  (one  form  of 
which  is  shown  detached  at  Fig.  469),  placed 
horizontally  beneath  the  bed  plate,  and  having  a 
circular  reciprocating  motion  imparted  to  it  by  a 
Grover  &  Baker’s  rack  and  pinion,  or  by  a  driver  working  vertically 
Circular  Needle.  a]ong  stem  of  the  looper,  which  stem  is  twisted 
or  made  of  spiral  form,  the  to-and-fro  vertical  motion  of  the  driver 
along  it  imparting  the  desired  motion  thereto.  The  second  or 
under  thread  is  carried  by  this  looper,  being  supplied  thereto  from 


an  ordinary  reel  below  the  bed  plate.  By  this  arrangement  the 
necessity  of  constantly  filling  or  winding  the  thread  on  to  the 
shuttle  spools,  as  is  the  case  in  all  ordinary  lock  stitch  machines,  is 
obviated.  The  thread  is  passed  through  an  eye  in  the  heel  of  the 
looper,  and  lies  in  a  groove  made  in  its  circumference,  and  is 
finally  passed  through  an  eye  made  near  the  point  of  the  looper. 
The  operation  of  this  machine  is  as  follows : — The  needle  first 
passes  a  loop  of  the  upper  thread  down  through  the  fabric,  and  also 
through  the  open  loop  of  the  under  thread,  which  has  been  pre¬ 
sented  in  a  proper  position  for  that  purpose.  The  looper  then 
makes  a  partial  revolution  in  a  backward  direction,  leaving  a  loop 
of  the  under  thread  round  the  stem  of  the  needle,  and  round  the 
loop  of  thread  contained  in  it.  Before  the  needle  rises  again,  the 
looper  returns  and  passes  its  point  through  the  loop  of  the  needle 
thread,  which  has  been  opened  in  the  meantime  to  receive  it  by  a 
slight  vertical  movement  of  the  needle.  The  needle  then  rises 
whilst  the  looper  remains  stationary  and  keeps  its  loop  open  (by 
reason  of  its  peculiar  curvilinear  form)  until  the  next  descent  of  the 
needle,  when  the  operations  are  repeated  as  before.  The  four 
motion  feed  is  used  in  these  machines,  and  as  this  valuable  adjunct 
is  the  sole  property  of  the  Grover  &  Baker  Sewing  Machine  Com¬ 
pany,  a  few  words  on  its  peculiarities  will  not  be  out  of  place  here. 
We  believe  it  was  originally  invented  by  A.  B.  Wilson  of  the  United 
States,  and  was  brought  over  to  this  country  and  patented  in  1852, 
without  the  knowledge  of  the  proprietors,  by  certain  parties  who  had 

seen  it  in  operation  in 
America.  Since  then 
the  patent  has  come 
into  the  hands  of  the 
Grover  &  Baker  Sew¬ 
ing  Machine  Company, 
who  are  now  the  sole 
legal  proprietors  here. 
This  feed  consists 
essentially  of  a  sur¬ 
face,  serrated  or  other¬ 
wise,  having  four 
motions,  viz.,  an  up¬ 
ward  motion  to  strike 
against  the  fabric,  a 
forward  motion  to 
carry  it  along,  a  down¬ 
ward  motion  to  release 
it  from  the  fabric,  and 
a  backward  motion  to 
bring  it  to  its  origi¬ 
nal  position  again.  It  is  quite  immaterial  whether  the  feeding 
surface  rest  upon  the  upper  surface  of  the  fabric,  or  act  upon  the 
same  from  below ;  the  great  feature  of  this  feed  motion  being  the 
release  of  the  fabric  at  each  stitch,  thereby  enabling  it  to  be  more 
easily  manoeuvred  by  the  operator  than  when  it  remains  con¬ 
stantly  under  the  action  of  the  feeding  surface,  as  is  the  case  in 
the  “  wheel  feed”  hereafter  referred  to.  Another  advantage  is,  that 
the  feeding  surface  is  free  to  act  on  both  sides  of  the  needle,  which 
is  not  the  case  with  the  “  wheel  feed.” 

This  feed  motion  is  now  adopted  in  one  form  or  another  by  nearly 
every  maker  in  the  trade.  The  other  machines  exhibited  here  are 
far  too  numerous  for  a  detailed  reference  in  our  limited  space.  We 
may,  however,  briefly  remark  upon  two  of  them.  One  of  these  is 
a  button-hole  machine,  with  an  ingenious  feed  motion  enabling  the 
direction  of  the  feed  to  be  instantly  changed  from  a  rectilinear  to  a 
circular  direction,  so  as  to  sew  the  straight  sides  of  the  button  hole 
and  to  stitch  round  the  eye  of  the  same  with  equal  facility.  The 
other  is  a  stocking-mending  or  darning  machine — quite  a  boon  to 
ladies  ! — in  which  the  hole  is  made  good  by  knitting  in  fresh  loops 


Fig.  4SS. 


Grover  &  Baker’s  Family  Knotted  Stitcli  Machine— Perspective  Sectional  View. 
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after  the  manner  of  a  knitting  machine,  thus  producing  a  much 
superior  kind  of  work  to  the  unsightly  darns,  however  neatly 
made,  of  hand  labour.  We  cannot  conclude  our  notice  of  the 
machines  at  this  stand  without  expressing  a  wish  that  proper  justice 
had  been  done  to  them  by  the  jury.  Had  this  been  the  case, 
nothing  less  than  a  medal  could  have  been  awarded  for  the  entire 
collection,  instead  of  which  the  jury  did  not  even  look  at  one  half 
of  the  machines  here  exhibited,  aDd  have  most  unjustly  withheld 
all  honourable  distinction  whatever  from  the  exhibitor. 

The  display  of  ornamental  needle  work  produced  under  the 
superintendence  of  Mr.  Wilson  on  the  Grover  &  Baker  machines  is 
unsurpassed  by  any  other  exhibitor.  Had  there  been  a  jury  of  ladies 
to  decide  upon  the  needle  work  of  sewing  machines  (and  we  see  no 
reason  why  there  should  not),  there  is  little  doubt  that  Mr.  Wilson 
would  have  obtained  the  highest  honours. 

COLONIES. — The  remote  colony  of  Prince  Edward’s  Island  sends 
a  species  of  Grover  &  Baker  sewing  machine,  containing  nothing 
worthy  of  special  remark;  it  is  more  as  a  curiosity  that  we  notice  it 
here,  being  the  produce  of  a  sewing  machine  factory  established  there 
by  Messrs.  Duchemin  &  Hildreth  of  Charlottetown.  The  workman¬ 
ship,  however,  is  by  no  means  of  a  high  class. 

VICTORIA. — A  very  imperfect  and  badly  constructed  machine,  for 
producing  the  chain  or  tambour  stitch,  is  exhibited  by  J.  A.  Kay 
of  Melbourne  (232),  but  as  the  jury  have  deemed  it  worthy  of  “hon¬ 
ourable  mention”  we  cannot,  as  we  otherwise  should  have  done,  pass 
it  over  entirely  without  some  comment.  It  is  a  machine  in  which  the 
needle  has  a  lateral  oscillating  motion  for  feeding  the  cloth,  somewhat 
similar  to  Whight  &  Mann’s,  but  not  nearly  so  well  carried  out.  The 
needle  employed  is  identical  with  the  curved  needle  used  by  John 
Fisher  in  his  embroidering  machine  in  1 844,  but  without  his  ingenious 
“shogging”  motion  for  permitting  it  to  enter  and  leave  the  fabric 
easily. 

UNITED  STATES. — It  is  much  to  be  regretted  that  no  special 
commissioner  was  appointed  by  the  American  government  to  give 
encouragement  and  help  to  her  exhibitors.  We  should  then  have  had 
a  perfect  exhibition  in  itself  of  sewing  machines.  But  as  it  is,  the  few 
houses  who  exhibit  are  those  who  have  leading  establishments  in 
London,  and  the  machines  displayed  are,  with  scarcely  any  exception, 
the  same  we  have  been  accustomed  to  see  every  day  for  the  last  year 
or  two  in  any  sewing  machine  warehouse  in  town.  In  the  few 
specimens  sent  we  see  nothing  really  new.  This  is  a  charge  which 
we  never  contemplated  having  to  make  against  the  American  exhi¬ 
bitors. 

BOOT  AND  SHOE  STITCHING  MACHINE. — Two  ingenious  and 
simply  constructed  machines  are  to  be  found  in  the  United  States 
department,  for  sewing  the  outer  soles  of  boots  and  shoes  on  to  the 
inner  soles  and  uppers  (Fig.  470).  These  machines,  invented  by  Mr. 
L.  R.  Blake  of  the  U  nited  States,  and  exhibited  by  L.  A.  Bigelow  (22) 
for  William  Goodwin  of  Paris,  have  obtained  honourable  mention  only, 
although  there  is  nothing  in  the  whole  Exhibition  to  compete  with 
them  either  on  the  score  of  efficiency  or  rapidity  of  production ;  150 
pairs  of  boots  or  shoes  being  easily  stitched  by  either  machine  in  an 
ordinary  working  day  of  ten  hours.  We  are  sorry  our  space  will  not 
admit  of  a  more  detailed  notice,  but  as  the  principles  of  the  machines 
are  extremely  simple,  our  readers  will  readily  form  a  general  idea  of 
the  nature  of  their  construction  and  operation  from  the  few  remarks 
that  follow,  and  the  accompanying  illustration.  The  stitch  employed 
is  the  ordinary  single  thread  chain  or  tambour  stitch,  made  by  the 
aid  of  a  hooked  needle  which  draws  up  a  loop  of  waxed  thread 
through  the  sole,  and  retains  that  loop  round  its  shank  during  the 
feed  of  the  shoe,  when  it  again  descends  and  draws  up  a  fresh  loop 
through  the  previous  one,  and  so  on,  producing  the  interlooping  or 
chain  on  the  upper  surface  of  the  sole.  The  feed  is  what  may  be 
called  a  top  four  motion  feed ,  but  in  place  of  a  roughened  foot  or  plate, 
it  consists  of  a  pointed  finger,  which  obtains  its  hold  upon  the  leather 


by  indenting  its  point  therein,  and  then  pushing  it  forward,  after 
which  it  rises  and  moves  back  in  readiness  for  the  next  feed,  the 
needle  remaining  in  the  leather  during  the  time  the  feeder  is  out  of 
contact  with  it.  As  the  hook  of  the  needle  rises  with  the  loop  of 


Fig.  470. 


Bigelow’s  Boot  and  Shoe  Stitching  Machine. 


thread  therein,  it  is  closed  by  entering  a  tubular  guide  or  sheath,  and 
in  this  position  both  the  needle  and  sheath  rise  together,  t  ins  effec¬ 
tually  retaining  the  loop  on  the  needle.  The  boot  or  sh  ie  to  be 
sewed  is  placed  with  its  sole  upwards  upon  the  small  end  ol  a  fixed 
tapered  arm  or  “horn,”  as  it  is  not  inaptly  termed,  this  “horn” 
being  firmly  secured  at  its  wider  end  to  the  table  or  bed  plate  of  the 
machine,  its  other  and  narrower  end  being  elevated  some  distance 
at  a  considerable  vertical  angle  with  the  horizontal  plane  of  the 
table.  Inside  the  smaller  end  of  the  “  horn  ”  there  is  a  small 
toothed  pinion  or  “whirl”  placed  horizontally,  to  which  a  r3cipro- 
cating  rotatory  motion  is  imparted,  by  means  of  a  spindle  cont  fined 
inside  the  “horn,”  and  actuated  by  a  sliding  straight  rack  beneath  the 
table  of  the  machine.  A  small  hole  is  made  vertically  through  the 
“whirl,”  but  placed  eccentrically  to  its  axis,  and  through  this  hole  the 
waxed  thread,  which  is  supplied  from  a  bobbin  or  reel,  and  passes  up 
the  interior  of  the  “horn,”  is  threaded,  A  second  aperture  is  made 
vertically  in  the  exact  centre  of  the  “  whirl,”  and  into  this  aperture  the 
point  of  the  hooked  needle  descends  when  it  has  penetrated  the  sole. 
After  the  needle  has  descended  and  passed  through  the  sole,  the  “whirl” 
makes  a  partial  revolution,  and  in  doing  so  passes  or  winds  the  thread 
round  the  stem  of  the  needle,  so  as  to  insure  its  being  caught  by  the 
hook  in  its  ascent.  So  soon  as  the  needle  has  risen  clear  above  the 
sole,  the  feeder  pushes  the  shoe  forward  for  the  next  stitch,  and  the 
“  whirl  ”  resumes  its  original  position  again  in  readiness  for  the  next 
descent  of  the  needle.  A  most  ingenious  contrivance  is  adopted 
for  varying  the  direction  of  the  feed,  the  course  of  the  stitches  being 
controlled  in  this  machine,  not  by  guiding  the  article  to  be  stitched 
by  the  hand  of  the  operator,  as  is  usually  the  case,  but  by  varying 
the  direction  of  motion  of  the  feeding  hook. 

The  second  machine  is  constructed  much  on  the  same  principle 
as  that  above  described,  but  in  lieu  of  having  a  fixed  “horn”  with 
a  variable  feeder,  the  “  horn”  is  made  to  rotate  by  the  hand  of  the 
operator,  and  the  feeder  acts  always  in  the  same  direction. 

HOWE  SEWING  MACHINE  COMPANY,  New  York.  — This  firm 
must  not  be  confounded  with  the  Elias  Howe,  the  original  inventor 
of  the  sewing  machine.  He  has  really  no  interest  in  the  firm  in  ques¬ 
tion  beyond  receiving  the  royalties,  we  presume,  of  such  machines 
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as  are  made  in  America — an  interest,  as  we  before  observed,  which 
extends  indeed  to  all  sewing  machines  made  in  the  United  States. 
The  Howe  in  question  is  Amasa  B.  Howe,  the  brother  of  the  great 
inventor.  The  machines  exhibited  are  perfect  specimens  of  good 
workmanship  and  finish,  and  have  been  awarded  a  medal  by  the 
jury.  They  comprise  family  and  manufacturing  lock  stitch  machines, 
an  eyelet  hole  machine,  and  a  tailors’  machine ;  the  latter  being 
capable  of  performing  a  great  variety  of  work  by  very  simple  adjust¬ 
ments.  One  of  the  peculiarities  in  the  family  machines  is  the 
employment  of  a  small  presser  for  holding  back  the  needle  in  its 
guiding  groove  or  recess  in  the  shuttle  race,  so  as  to  prevent  all 
chance  of  the  shuttle  striking  the  needle  in  its  passage.  The  vibrat¬ 
ing  lever  which  actuates  the  needle  slide  is  connected  to  the  slide 
by  a  telescopic  attachment,  which  admits  of  a  greater  vertical  lift 
being  imparted  thereto,  and  consequently  dispenses  with  the  neces¬ 
sity  for  auxiliary  levers  or  arms  for  taking  up  the  slack  of,  and  draw¬ 
ing  tight.,  the  needle  thread  when  the  needle  rises.  The  fabric  is 
propelled  by  the  ordinary  friction-wheel  feed.  A  well  made  tube 
machine  is  also  exhibited  here,  having  many  points  worthy  of  notice. 
In  this  machine  the  needle  rises  clear  of  the  material  when  the 
shuttle  is  passing  through  its  loop,  in  place  of  remaining  in  the  mate¬ 
rial  during  such  operation,  as  is  usually  the  case.  By  this  improved 
arrangement  a  superior  stitching  is  obtained,  inasmuch  as  the  stitches 
lie  closer  together.  A  simple  arrangement  is  adopted  in  this 
machine  for  lifting  the  point  of  the  shuttle  close  under  the  cloth 
plate  as  it  passes  the  loop,  and  thereby  insuring  a  more  certain  seiz¬ 
ing  of  the  loop.  Automatic  friction  is  applied  to  the  bobbin  sup¬ 
plying  the  upper  needle  at  each  stitch,  for  the  purpose  of  enabling 
the  thread  to  be  drawn  up  perfectly  tight.  The  eyelet  stitching 
machine  is  a  very  curious  piece  of  mechanism.  It  is  provided  with 
two  barbed  or  hooked  needles  working  on  opposite  sides  of  the 
material,  the  one  passing  through  the  material  and  the  other  through 
the  eyelet  hole.  The  material  to  be  stitched  is  placed  with  the 
eyelet  over  a  small  tubular  guide,  and  is  fed  in  a  circular  direction 
round  the  guide,  which  acts  as  a  fixed  centre  of  revolution,  by  a 
horizontal  rotatory  feeding  plate.  The  thread  is  used  in  short 
lengths,  and  is  drawn  through  the  material  passed  round  the  edge 
of  the  eyelet,  and  again  drawn  through  the  material  by  the  two 
barbed  needles  above  referred  to,  working  in  combination  with  suit¬ 
able  instruments  situate  above  and  below  the  material  for  spreading 
or  laying  the  thread  laterally  over  the  edge,  so  as  to  form  the  over¬ 
cast  or  whip  stitch. 

I.  M.  SINGER  (20).— The  “  Singer 
machine  ”  has  been  in  successful  ope¬ 
ration  for  some  time  in  this  country, 
and  for  many  years  in  America.  It 
is  a  most  useful  lock  stitch  machine. 
Mr.  Singer,  who  has  obtained  “  hon¬ 
ourable  mention  ”  for  his  collection  of 
“  well-constructed  sewing  machines,” 
is  one  of  the  oldest,  if  not  the  oldest 
of  the  American  manufacturers,  and 
was  the  first  to  introduce  the  vertical 
needle  slide  in  lieu  of  attaching  the 
needle  to  a  lever  arm  direct.  It  is 
obvious  that  a  much  superior  action 
is  obtained  by  using  a  perfectly 
straight  needle  working  in  a  per¬ 
fectly  vertical  direction  through  the 
fabric,  than  can  be  attained  by  using 
a  curved  needle  carried  on  the  end 
of  a  vibrating  arm.  It  is  true  that 
for  light  fabrics  this  latter  arrange¬ 
ment  answers  well  enough,  as  it 
simplifies  the  machine  by  reducing  the  number  of  working  parts, 


Fig.  471. 


Singer’s  Take-up  Lever  Arm. 


and  consequently  reduces  the  friction,  and  renders  the  machine 
more  easy  of  operation.  But  when  we  come  to  machines  for  heavy 
manufacturing  purposes,  such  as  boot  and  shoe  work,  we  must  then 
fall  back  upon  the  straight  needle  and  slide. 

The  Singer  machines  are  excellent  examples  of  good,  sound  work¬ 
manship,  although  they  perhaps  do  not  present  the  elegant  “get 
up  ”  of  plating  and  guilding  so  much  affected  by  many  makers. 
The  Singer  make  is  essentially  a  shuttle  machine.  The  shuttle  is 
provided  with  a  check  spring  on  the  top  side  for  the  purpose  of 
holding  the  shuttle  thread,  after  passing  the  loop,  clear  of  the  needle. 
The  most  striking  peculiarity  in  these  machines  is  the  mechanism 
for  taking  up  the  slack  thread  and  tightening  the  stitch.  Fig.  471 
shows  a  perspective  view  of  the  front  end  or  head  of  the  fixed  bracket 
arm,  with  the  mechanism  above  referred  to  attached.  It  consists  of 
a  spring  lever  or  arm  secured  at  one  end  to  the  bracket,  whilst  its 
opposite  and  free  end  projects  slightly  beyond  the  face  of  the  needle 
slide,  and  is  depressed  by  that  slide  when  making  its  downward 
motion,  thereby  giving  out  sufficient  slack  fo  form  the  loop.  As  the 
slide  rises  again,  the  inherent  spring  in  the  lever  causes  the  thread, 
which  is  passed  over  its  free  end,  to  be  drawn  up  tight, 'and  so  com¬ 
plete  the  stitch.  Another  feature  in  this  machine  is  the  mode  of 
actuating  the  needle  slide.  In  lieu  of  using  a  large  bell  crank  lever 
for  working  the  slide,  as  in  most  other  machines,  this  lever  is  dis¬ 
pensed  with  entirely,  and  the  vertical  motion  is  transmitted  direct, 
and  in  a  much  more  mechanical  manner,  by  means  of  a  crank  pin 
on  the  end  of  the  driving  shaft  contained  within  the  bracket  arm. 
The  crank  pin  works  in  a  curved  slotted  piece  or  cam  fixed  to  the 
back  of  the  needle  slide,  the  slot  being  so  constructed  as  to  insure 
the  proper  pause  or  dwell  of  the  needle  slide  when  the  shuttle  is 
passing  through  the  loop. 

Mr.  Singer  was  the  first  to  apply  a  really  practical  feed  motion  to 
the  sewing  machine,  which  important  addition  was  made  in  the  year 
1851,  and  has  since  been  largely  used  by  other  makers.  This  feed 
is  known  as  the  “  wheel-feed,”  as  it  consists  of  a  wheel  having  a 
roughened  periphery,  and  made  to  project  slightly  above  the  cloth 
plate,  a  slot  or  opening  being  made  in  such  plate  for  that  purpose. 
The  cloth  is  held  down  upon  the  protruding  segment  of  the  wheel 
by  a  presser  foot,  and  is  carried  along  by  imparting  an  intermittent 
or  step-by-step  rotatory  motion  to  the  wheel,  by  a  friction  lever 
working  inside  the  rim  of  the  wheel,  but  so  arranged  that  the  friction 
surface  will  act  upon  the  wheel  in  one  direction  only.  This  pecu¬ 
liar  feed  was  first  brought  over  to  this  country  in  1852.  An  objec¬ 
tion  exists  to  the  wheel,  inasmuch  as  the  needle  must  work  on  one 
side  of  the  wheel ;  hence  the  fabric  is  not  held  down  firmly  at  the 
most  important  part,  namely,  along  the  line  of  stitches. 

WHEELER  &  WILSON  (19  a)  have  received  a  medal  for  their 
admirably  constructed  and  beautifully  finished  circular-hook-lock- 
stitch  sewing  machines.  These  machines  have  earned  a  reputation 
which  they  well  merit  for  simplicity  and  efficiency.  The  mechanical 
defect,  already  referred  to  by  us  as  existing  more  or  less  in  all  recipro- 
catory  shuttle  machines,  is  here  obviated  by  substituting  for  such  a 
shuttle  a  stationary  thread  case.  In  this  machine  the  loop  of  the 
upper  thread,  upon  being  passed  through  the  fabric,  is  seized  by  a 
rotating  hook  having  a  continuous  motion  in  one  direction.  This 
hook  carries  the  loop  under  the  stationary  shuttle  or  thread  case,  the 
action  being  somewhat  similar  to  that  of  a  child’s  skipping  rope, 
which  is  passed  under  the  feet  without  requiring  any  change  of  posi¬ 
tion  beyond  that  necessary  for  the  unimpeded  course  of  the  rope. 
The  lower  thread  contained  in  the  thread  case  is  consequently  inter¬ 
locked  with  the  upper  thread  carried  by  the  needle,  a  “lock  stitch” 
being  the  result. 

Fig.  472  is  a  perspecti  ve  view,  showing  the  general  construction 
and  arrangement  of  the  Wheeler  &  Wilson  machine.  Fig.  473  is  a 
front  elevation  of  one  end,  showing  the  rotating  hook  and  thread  case; 
and  Figs.  474  and  475  are  enlarged  details  of  the  hook  (without  the 
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thread  case)  in  front  and  side  elevation  respectively,  showing  the 
mode  by  which  the  interlocking  of  the  two  threads  is  accom- 


Fig.  472. 


Wheeler  &  Wilson’s  Machine. 


Fig.  473. 


plished ;  and  Fig.  476  is  a  vertical  section  of  the  thread  case  or  spool 
detached.  This  thread  case  or  spool  is  of  a  circular  form,  and 

somewhat  similar  in  construction 
to  those  used  in  lace  machines ; 
its  sides  are  slightly  convex  out¬ 
wards,  and  it  fits  easily  inside  a 
central  circular  recess  in  the  hook, 
being  retained  loosely  in  its  place 
by  an  adjustable  ring  in  front, 
secured  to  the  table  by  a  set  screw, 
as  shown  in  the  end  view(Fig.  473). 
When  the  hook  has  made  rather 
more  than  a  half  revolution  the  loop 
is  cast  off  by  a  bevelled  portion  of 
the  periphery  of  the  hook,  as  shown 
in  reference  to  the  larger  of  the 
two  loops  in  Fig.  475.  A  stationary  loop  check,  in  the  form  of  a  small 
brush  or  pad,  at  Fig.  475,  is  made  to  bear  lightly  against  the  periphery 


Front  Elevation. 


little  machines,  which  will  vie  with  any  as  regards  efficiency,  sim¬ 
plicity,  and  workmanship.  These  machines  obtained  “  honourable 
mention."  Had  they  gained  the  higher  reward  of  a  medal ,  we  should 
have  been  better  pleased.  The  stitch  produced  by  Messrs.  Willcox 
&  Gibbs’  machines  is  the  single  thread  chain  or  tambour  stitch,  against 
which  such  an  absurd  outcry  has  been  raised.  We  hope  we  have 
fully  explained  the  fallacy  of  this  to  our  readers’  satisfaction,  in  our 
remarks  on  the  various  stitches  employed  in  the  sewing  machines  of  the 
present  day.  The  essential  element  of  the  Willcox  &  Gibbs  machine 
is  a  peculiarly  formed  revolving  hook  or  looper,  upon  which  is  con¬ 
structed  a  loop  retainer  or  tension  “  let  off,”  the  functions  of  which 
instruments  are  to  seize  the  loop  of  the  needle  thread  when  passed 
through  the  fabric,  to  open  and  extend  such  loop  when  seized,  to  impart 
a  semi-twist  thereto  after  the  needle  has  entered  it,  and  to  cast  it  off 
gradually  as  the  stitch  is  being  tightened.  The  loop  is  retained  or  con¬ 
trolled  during  the  casting-off,  until  it  is  nearly  drawn  up  to  the  fabric, 
in  place  of  being  cast  off  and  left  free  at  an  earlier  stage,  in  which  latter 
case  a  considerable  amount  of  slack  thread,  in  the  form  of  a  loop  below 
the  fabric,  is  left  entirely  without  control,  which  frequently  occasions 
what  is  called  “  kinking,”  or  entangling  and  twisting  of  the  thread, 
as  well  as  the  occasional  accident  of  catching  the  loop  a  second  time 
by  the  point  of  the  rotating  hook,  thereby  producing  bad  work. 
These  objections  are  obviated  by  the  improved  looper  used  in  the 
machines  before  us.  The  combined  revolving  hook  and  loop 


Fig.  474.  Fig.  475. 


Details  of  the  Hook. 


of  the  hook,  and  tends  to  retain  the  loop  about  to  be  cast  off  until 
the  nose  of  the  hook  has  entered  the  fresh  loop,  so  as  to  prevent 
all  chance  of  the  old  loop  being  entangled  or  caught  again  by  the 
hook. 

MESSRS.  WILLCOX  &  GIBBS,  New  York,U.S.,  exhibit  some  elegant 


retainer  is  shown  in  its  different  positions,  when  forming  a  stitch,  by 
the  diagrams  (Figs.  477,  478,  and  479).  An  under  four-motion  feed 
of  a  very  simple  construction  is  employed.  The  following  is  the  modus 
operandi  of  the  machine  : — As  the  needle  commences  to  rise  again 
after  passing  a  loop  through  the  fabric,  the  nose  of  the  revolving 
hook  enters  the  loop  just  brought  down,  as  shown  in  Fig.  477.  The 
old  or  previous  loop  having  been  already  spread  out  or  opened,  the 
hook  next  advances  to  the  position  shown  in  Fig.  478,  carrying  the 
new  loop  through  the  old  one,  which  latter  still  remains  on  the 
looper,  or  on  the  main  portion  or  throat  of  the  “  let  off,”  or  loop 
retainer,  which  is  a  species  of  hook  extending  in  a  reverse  direction 
to  the  looping  hook,  but  made  in  one  piece  therewith.  The  hook 
next  moves  to  the  position  shown  in  Fig.  479,  by  which  time  the  old 
loop  has  slid  further  outwards,  so  as  to  catch  or  rest  against  the  tip 
or  extreme  end  of  the  “  let  off,”  which  latter  in  the  continued  for¬ 
ward  movement  of  the  hook  travels  out  of  the  old  loop,  casting  it 
off  close  up  to  the  under  surface  of  the  fabric,  and  then  receiving 
and  retaining  in  like  manner  the  following  loop.  A  spur  or  projec¬ 
tion  is  also  formed  on  the  revolving  hook,  and  is  so  shaped  as  to 
turn  or  twist  the  loop  half  round  as  it  passes  over  the  heel  of  the 
looper,  thereby  producing  a  species  of  twisted  chain  stitch,  as  shown 
at  Fig.  480,  which  is  more  firm  and  secure  than  the  ordinary  chain 
stitch  (Fig.  481)  made  without  any  twist  in  the  loops.  We  have  seen 
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these  machines  running  at  the  rate  of  2000  and  3000  stitches  per 
minute,  and  so  correct  is  the  adjustment  of  the  sewing  instruments  in 
relation  to  each  other,  that  a  false  or  dropped  stitch  is  scarcely  ever 
known  to  occur.  When  chain  stitching  can  be  produced  with  this 
degree  of  certainty,  we  look  upon  it  as  being  quite  as  secure  for  all 
ordinary  purposes  as  any  other  sewing  machine  stitching. 


Fig.  480. 


Twisted  Chain  Stitch. 


Willcox  &  Gibbs  also  exhibit  an  ingenious  treadle  motion  for 
sewing  machines.  Ladies,  when  first  using  a  sewing  machine, 
always  find  great  difficulty  in  overcoming  the  treadle  action.  They 
either  work  the  machine  by  sudden  impulses,  or  they  turn  it  in  the 
wrong  direction,  the  great  difficulty  being  to  pass  the  dead  centres  of 
the  crank.  Indeed,  this  difficulty  is  now  so  generally  acknowledged 
by  dealers  and  instructors,  that  the  first  lesson  on  the  sewing 
machine  consists  in  simply  working  the  treadle  until  the  operator 
has  succeeded  in  imparting  a  steady  and  constant  motion  to  the 
crank  shaft.  Mr.  Willcox  has  entirely  overcome  this  objection.  In 
lieu  of  the  ordinary  crank  with  its  concomitant  dead  centres ,  he  uses 
two  collars  fixed  to  the  shaft  and  acted  upon  alternately  by  two  loose 
collars  provided  with  friction  surfaces,  constructed  much  on  the 
same  principle  as  the  friction  wheel  feed.  Indeed,  if  we  suppose 
two  such  feeds  worked  from  opposite  sides  of  the  shaft  simultane¬ 
ously  by  a  double  or  forked  connecting  rod  attached  to  the  ordinary 


Fig.  481. 


Ordinary  Chain  Stitch. 


treadle,  we  have  Mr.  Willcox’s  new  system  of  driving.  Its  pecu¬ 
liarities  are  the  impossibility  of  turning  the  shaft  in  the  wrong 
direction,  the  absence  of  dead  centres,  and  the  capability  of  rotating 
the  shaft  with  any  amount  of  vibration  of  the  treadle,  since  the  stroke 
of  the  treadle  is  not  dependent  upon  the  throw  of  a  crank  as  here¬ 
tofore,  This  is  a  very  clever  mode  of  converting  a  reciprocating 
into  a  continuous  rotating  motion,  and  might  be  applied  to  a  vast 
number  of  machines  where  power  is  of  no  moment.* 

ARNOLD’S  FRILLS. — We  have  also  here  a  clever  arrangement, 
invented  by  Messrs.  Arnold  &  Price  of  the  United  States,  for 
making  gathered  work  in  a  sewing  machine,  such  as  ladies’  frills  or 
tuckers,  one  strip  of  fabric  being  simultaneously  gathered  and  stitched 
to  a  plain  band  by  the  ordinary  sewing  instruments.  The  annexed 
cut  (Fig.  482)  represents  the  class  of  goods  produced  by  this  machine, 
but  it  is  equally  capable  of  producing  gathered  work,  gathered  upon 
itself  without  the  intervention  of  a  band.  The  peculiarity  and  advan¬ 
tages  of  this  gathered  work  over  hand-made  gathers,  where  a  run¬ 
ning  thread  is  used,  is  that  each  individual  gather  or  plait  is  secured 
in  itself,  consequently  no  unevenness  or  crowding  of  the  gathers  by 
their  slipping  along  the  running  thread  can  occur.  Fig.  483  is  a 
transverse  sectional  view  of  the  gathering  apparatus,  as  applied  in 
Willcox  &  Gibb’s  machine. 

*  A  similar  arrangement  is  exhibited  by  Mr.  Goodwin  of  Paris,  at  Messrs. 
Newton  Wilson  &  Company’s,  Strand. 


The  essential  feature  of  the  gathering  apparatus  is  a  double  feed¬ 
ing  surface,  that  is  to  say,  the  feeder  is  formed  in  two  parts ;  one  of 
these  parts,  which  may  be  termed  the  “  Gatherer,”  performs  the  opera¬ 
tion  of  gathering  one  of 

the  two  pieces  of  cloth,  Fie-  482- 

its  stroke  being  con¬ 
siderably  greater  than 
the  other  feeding  sur¬ 
face,  which  acts  simply 
as  an  ordinary  feeder 
for  moving  the  two 
fabrics  along,  stitch  by 
stitch.  The  fullness  of 
the  gathers  is  regulated 
by  the  greater  or  less 
throw  of  the  gatherer, 
causing  it  to  pucker  up 

more  or  less  of  the  fabric  at  each  forward  stroke.  The  length  of 
stitches  depends  entirely  upon  the  stroke  of  the  second  feeding  sur¬ 
face,  as  in  all  other  feeds.  The  action  of  the  gatherer  is  assisted 
by  a  metal  plate  or  tongue,  which  performs  the  double  office  of 


Arnold’s  l'rills. 


Arnold  &  Price’s  Gathering  Apparatus. 


retaining  the  under  piece  of  cloth  in  contact  with  the  roughened 
surface  of  the  gatherer  in  the  process  of  forming  the  gather,  and  of 
keeping  the  two  pieces  of  cloth  asunder  until  brought  into  contact 
at  the  proper  place,  for  the  purpose  of  being  united. 

Messrs.  Hugh  Wight  &  Company,  of  Friday  Street,  are  the  pro¬ 
prietors  of  this  patent,  and  are  carrying  on  an  extensive  trade  in  the 
gathered  work  produced  by  these  machines,  of  which  they  have  nearly 
100  in  constant  operation,  each  machine  producing  frills  at  the  rate 
of  about  one  yard  per  minute  ! 

We  find  here  another  description  of  ornamental  work,  suitable  for 
trimmings  of  ladies’  dresses,  bonnets,  &c.,  produced  in  a  sewing 
machine.  This  work  differs  from  the  frills  above  mentioned,  by 
having  the  gathered  fabric  laid  in  perfectly  flat  and  even  folds,  more 
resembling  crimping  than  gathers,  a  sharp  knife  edge,  to  which  a 
reciprocating  motion  is  imparted  by  a  cam,  performing  the  operation 
of  plaiting  the  fabric,  by  pushing  it  fold  by  fold  under  the  edge  of  the 
presser  foot,  where  the  small  plaits  are  stitched  together  in  a  per¬ 
manent  manner.  This  ingenious  machine  is  the  invention  of  Mr, 
C.  O.  Crosbey  of  New  Haven,  Connecticut,  U.S.A.,  and  has  only 
recently  been  patented  in  this  country. 

FRANCE. — The  only  sewing  machines  in  the  French  department 
worthy  of  any  special  remark,  are  those  exhibited  by  M.  Ch.  Calle- 
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baut  (1066),  to  whom  the  jury  have,  in  this  instance  very  justly, 
awarded  a  prize  medal  “  for  his  sewing  machines  applied  to  every 
species  of  work.”  We  have  here  a  greater  variety  than  is  to  be 
found  under  any  other  exhibitor,  with  the  exception,  perhaps,  of  Mr. 
Newton  Wilson.  Mr.  Callebaut  is  the  proprietor  in  France  of  the 
Singer  patent,  and  his  machines,  with  the  exception  of  an  ingenious 
glove-stitching  machine,  which  we  shall  presently  have  occasion  to 
refer  to,  are  all  constructed  on  the  Singer  type,  and  are  unrivalled  as 
regards  workmanship  and  finish.  His  manufacturing  machines  com¬ 
prise — 1,  A  machine  for  producing  a  lock  stitch,  secured  or  fastened  off 
at  any  desired  interval  in  the  seam,  by  using  a  wheel  feed  to  which  a 
reverse  motion  is  imparted  by  the  operator  at  will  without  stopping 
the  machine.  A  very  large  shuttle  is  fitted  into  this  machine  (quite 
double  the  size  of  the  ordinary  ones  for  the  same  class  of  work),  and 
the  under  surface  of  the  needle-hole  plate  is  hollowed  out,  to  allow 
plenty  of  room  for  the  crossing  of  the  needle  and  shuttle  threads  as 
the  loop  passes  over  the  shuttle.  By  this  machine  one  or  more  back¬ 
stitches  can  be  made,  thereby  firmly  fastening  the  seam  at  any  part 
desired,  and  at  the  commencement  and  finish  of  the  work.  This 
machine  is  in  extensive  use  in  the  F rencli  and  Russian  armies.  2.  A 
machine  provided  with  a  double-action  four  motion  under  feed,  for 
traversing  the  cloth  either  longitudinally  or  laterally  as  desired,  with¬ 
out  stopping  the  machine,  by  simply  adjusting  a  small  horizontal 
handle  on  the  table  or  cloth  plate.  This  is  a  tube  machine,  suitable 
for  boot  closing  and  other  leather  work,  but  it  will  also  produce  a  zig¬ 
zag  or  herring  bone  stitch  when  fitted  with  two  needles  ;  the  shuttle, 
by  passing  through  the  loops  of  both  needles,  forming  a  zig-zag  by 
crossing  its  thread  between  them  on  the  under  side  of  the  fabric.  This 
is  a  very  elastic  stitch.  3.  A  machine  for  producing  a  perfectly  elastic 
lock  stitch,  suitable  for  umbrella  work  or  hosiery.  In  this  machine  a 
four  motion  top  feed  is  used.  The  feeder  moves  the  fabric  half  a  stitch 
back  for  each  stitch  forward,  and  consequently  the  stitching  produced 
somewhat  resembles  hand-made  back  stitching.  When  hosiery  is 
being  sewed,  an  ingeniously  constructed  guide  is  employed  for  uncoil¬ 
ing  the  edges  of  the  goods,  and  laying  them  flat  as  they  approach 
the  needle.  This  machine  will  also  produce  the  ordinary  “  lock 
stitch”  by  a  simple  and  instantaneous  adjustment  of  the  feeding 
mechanism.  4.  A  machine  for  making  “herring  bone  stitch”  with  one 
needle,  by  imparting  a  zig-zag  motion  to  the  feeding  foot.  This 
motion  is  readily  thrown  out  of  action,  and  the  machine  will  then 
sew  a  straight  row  of  stitches.  5.  A  saddle  and  harness  machine, 
having  the  property  of  fastening  or  securing  the  seam  at  any 
point  at  will  by  a  reverse  motion  of  the  feed  wheel,  as  described  in 
reference  to  the  military  machine  above;  but  as  this  is  for  much  heavier 
work  the  presser  foot  is  made  to  move  with  the  wheel,  so  that  a  firmer 
hold  on  the  material  is  obtained.  The  presser  foot  after  each  for¬ 
ward  stroke  rises  clear  of  the  material,  so  that  the  feed  is  a  species 
of  combination  of  the  top  four  motion  feed  and  the  wheel  feed. 
The  family  machines  are  similar  to  the  Singer  make.  M.  Calle¬ 
baut  has  three  well  furnished  glove-stitching  machines,  producing  the 
overcast  or  whip  stitch  used  by  glove  makers.  Fig.  484  represents 
a  perspective  view  of  one  of  these  glove-stitching  machines.  In 
this  machine  the  material  is  held  between  a  pair  of  notched  or 
dented  bars  or  combs,  the  needle,  which  is  hooked,  passes  through 
one  of  the  dents  and  through  the  material,  when  a  thread  carrier 
places  the  thread  in  the  hook  of  the  needle.  The  needle  then 
retires  and  draws  the  thread  with  it  in  the  form  of  a  loop,  which 
loop  is  divided  or  opened  by  a  hooked  instrument  or  opener,  so  as  to 
allow  a  distender  or  horizontal  revolving  arm  to  take  hold  of  the 
proper  thread  of  the  loop,  and  draw  the  end  clear  through  the 
material,  laying  it  in  its  progress  in  an  annular  groove  or  channel, 
lined  with  tufts  of  wool  or  plush,  so  as  to  keep  it  straight  and  free 
from  twists  or  kinks.  The  desired  tension  is  applied  by  nipping 
more  or  less  tightly,  the  thread  as  it  is  being  distended,  between  a 
pair  of  spring  padded  surfaces  or  jaws,  adjustable  by  means  of  a 


set  screw  to  any  tension  required.  After  each  stitch  the  combs 
with  the  material  are  moved  laterally,  so  as  to  present  a  fresh  dent 
for  the  next  stitch.  In  one  of  the  machines  the  combs  travel  in 


Fig.  484. 


Callebaut’s  Glove-stitcliing  Machine. 


both  directions,  so  as  to  enable  a  crossed  or  double  whip  stitch  to  be 
produced.  The  lengths  of  stitches  correspond  to  the  dents  in  the 
combs,  and  the  length  of  work  sewn  at  one  time  is  limited  by  the 
length  of  the  combs ;  but  in  another  machine  exhibited  here  an 
ingenious  adaptation  of  the  wheel  feed  is  applied,  which  not  only 
admits  of  any  length  of  stitches  being  made  in  the  same  machine, 
but  allows  of  any  length  of  material  being  stitched  continuously 
without  stopping  the  machine.  These  are  necessarily  very  costly 
machines,  and  although  very  interesting  and  curious,  we  question 
much  whether  they  will  be  found  to  answer  commercially. 

DE  CELLES  (1065)  has  obtained  a  medal  for  a 
shuttle  machine  producing  a  perfect  knot  or  tie  in 
the  shuttle  thread  (Fig.  485),  so  as  to  fasten  it 
securely  to  the  upper  thread.  This  is  an  American 
invention  more  than  two  years  old,  and  has  not 
been  found  to  be  of  any  great  practical  utility. 

LE  BLOND  (1067)  has  been  awarded  “honour¬ 
able  mention”  only  for  his  machines.  They 
certainly  deserve  a  medal,  if  De  Celles  is  entitled 
to  such  a  distinction.  As  regards  workmanship,  they  are  by 
no  means  inferior  to  De  Celles;  indeed,  we  understand  that  the 
De  Celles  machine  was  constructed  by  Le  Blond.  The  peculiarity 
of  Le  Blond’s  machines  is  their  adaptability  for  producing  either  a 
chain,  knotted,  or  lock  stitch  as  desired. 

BELGIUM,  PRUSSIA,  and  AUSTRIA  are  each  very  poorly  repre¬ 
sented. 

LE  ROY  (240)  of  Brussels  has  obtained  “  honourable  mention” 
for  a  very  indifferent  button-hole  machine,  possessing  neither  novelty 
nor  utility.  His  other  machines,  of  which  he  displays  quite  a 
formidable  collection,  are  mostly  copies  of  the  leading  American 
machines,  and  are  about  the  worst  specimens  of  workmanship  it  has 
ever  been  our  lot  to  examine. 

BOCKE  (1288)  of  Berlin  has  just  such  another  collection  of 
imitations  as  Le  Roy.  Indeed,  he  has  obtained  “  honourable 
mention  for  his  “  collection  of  sewing  machines,”  and  if  variety  (in 
other  makers’  machines)  be  considered  meritorious,  he  has  certainly 
earned  the  distinction;  for  there  is  not  a  leading  American  manu¬ 
facturer  of  sewing  machines  unrepresented  in  M.  Bocke’s  collection  ! 


Fig.  485. 


De  Celles’ 
Sewing  Machine. 
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In  fact,  they  are  all  barefaced  copies,  without  even  good  work  to 
recommend  them. 

WARCHALOWSKI  (588),  of  Vienna,  exhibits  a  couple  of  machines 
of  a  ricketty  nature,  but  possessing  the  wonderful  property  of  mak¬ 
ing  two  or  more  parallel  rows  of  stitches  at  one  time  by  having  a 
corresponding  number  of  needles,  shuttles,  and  loopers  (being  re¬ 
spectively  a  lock  and  chain  stitch  machine),  which  important  novelty 
has  induced  the  jury  to  award  the  exhibitor  the  distinction  of 
“  honourable  mention  !” 

THE  GRAND  DUCHY  OF  HESSE  is  represented  by  a  Mr.  Schroder 
of  Darmstadt,  who  exhibits  (517)  three  sewing  machines,  and  dis¬ 
plays  a  placard  attached  to  one  of  the  machines  to  the  effect  that  a 
prize  medal  has  been  awarded  to  him.  Now,  we  cannot  discover 
Mr.  Schroder’s  name  in  the  official  list  of  awards  under  this  class, 
but  find  that  he  obtained  a  medal  in  an  entirely  different  class. 
Whether  there  is  an  erroneous  omission  in  the  list,  or  whether  Mr. 
Schroder’s  card  refers  to  a  medal  obtained  in  Class  29  for  school 
apparatus,  we  cannot  say.  Two  of  his  machines  appear  to  be  almost 
direct  piracies  of  the  Grover  and  Baker  knotted  stitch  machines, 
nearly  every  detail  of  which  is  copied!  The  third  machine,  bearing 
the  ajfiche  above  referred  to,  is  a  combination  of  Singer’s  and  the 
improved  Grover  and  Baker  lock  stitch  machines.  We  deem  it 
important  to  record  these  facts,  inasmuch  as  the  bond  fide  Grover 
and  Baker  machines,  exhibited  by  Mr.  N.  Wilson  in  the  British 
department,  were  passed  over  by  the  jury  without  one  word  of  com¬ 
mendation. 

We  cannot  conclude  our  remarks  on  this  section  without  record¬ 
ing  our  unqualified  disapprobation  of  the  manner  in  which  the 
duties  of  the  jury  have  been  performed.  So  little  has  been  the 
discrimination  shown,  that  the  few  really  well  merited  awards  are 
rendered  worthless  as  criterions  of  merit,  by  their  association  with 
the  larger  proportion  of  cases  where  they  have  been  given  without 
being  earned,  and  withheld  where  they  ought  to  have  been  granted. 
No  one  really  conversant  with  this  peculiar  brauch  of  industry,  after 
examining  the  general  display  of  British-made  sewing  machines  in 
operation  in  the  Processes  Court,  could  honestly  say  that  a  solitary 
award,  and  that  the  doubtful  one  of  “  honourable  mention,”  fairly 
represented  the  merits  of  the  collection.  So  much  for  the  omissions 
of  the  jury;  but  compare  these  forlorn  machines  with  their  more 
favoured  continental  rivals  (all  of  which,  without  exception,  have 
been  honoured  with  awards),  and  the  glaring  injustice  comes  out  in 
bolder  relief. 

The  plain  facts  are  these  : — The  jury  on  sewing  machines  con¬ 
sisted  of  seven  members,  viz.,  four  foreign  and  three  English,  the 
president  being  also  a  foreigner.  Of  the  three  English,  two  were 
absent,  through  indisposition,  we  believe,  during  the  time  the  ex¬ 
aminations  were  made,  and  therefore  their  opinions  could  have 
little  or  no  weight  in  discussing  the  subject.  With  a  majority  of 
four  to  one,  it  is  not  difficult  to  account  for  the  prodigality  of  awards 
to  foreign  makers.  But  we  have  also  heard  complaints  on  all  sides, 
from  fortunate  and  unfortunate  exhibitors  alike,  of  the  careless  and 
hurried  manner  in  which  the  inspections  of  the  machines  were  made, 
many  different  varieties  of  machines  having  been  entirely  passed 
over  unnoticed,  and  without  remark  or  question,  although  shown 
to  them  by  the  exhibitor.  This  is  utterly  inexcusable.  The  section 
is  by  no  means  a  heavy  one,  and  ample  time  was  afforded  forgiving 
every  individual  machine,  if  requisite,  a  minute  and  careful  exami¬ 
nation.  We  can  arrive  at  no  other  conclusion  than  that  the  ex¬ 
istence  either  of  carelessness,  ignorance,  or  prejudice  only,  can 
account  for  the  extraordinary  decisions  of  the  jury  on  sewing  ma¬ 
chines  in  the  International  Exhibition  of  1862. 

PLAITING  AND  BRAIDING  MACHINES. — Plaiting  and  braiding 
machinery  proper  is,  strange  to  say,  entirely  unrepresented  at  the 
Exhibition  of  1862.  The  only  machine  that  can  be  at  all  classed 
under  this  head  is  exhibited  by  Mons.  Laneuville  (1073),  in  the 


French  department,  for  making  laces,  such  as  stay  laces,  boot  or 
shoe  laces,  watch  guards,  &c.,  by  a  knitting  process  of  a  very 
ingenious  kind.  The  work  produced  is,  strictly  speaking,  a  tubular 
knitted  article,  and  is  made  from  a  single  thread,  which  is  quite 
incompatible  with  the  operations  of  plaiting  or  braiding,  wherein 
three  threads  or  strands  at  least  are  requisite.  In  Laneuville’s 
machine  three  rotating  instruments  are  used,  which  we  shall  call 
“  needles,”  as  they  perform  the  functions  of  the  ordinary  barbed 
needles  of  the  knitting  frame.  They  are  carried  on  the  end  of  a 
horizontal  rotating  tubular  boss,  being  situate  at  equal  distances 
apart  round  the  central  opening  of  the  boss,  and  projecting  about 
an  inch  beyond  the  end  of  the  same  in  a  direction  parallel  to  its  axis 
of  rotation.  Each  of  these  “  needles  ”  is  tapered  towards  the  front 
end,  and  is  trough-shaped,  and  has  two  transverse  notches  formed 
across  it  near  its  point,  in  the  first  of  which  notches  the  thread  is  laid 
by  a  rotating  tubular  thread  carrier  passing  it  once  round  the  end  of 
the  needle,  and  then  applying  it  in  a  similar  manner  to  the  other 
two  needles  as  they  present  themselves.  These  loops  of  thread  are 
then  drawn  forward  into  the  second  notch  by  a  reciprocating  hook, 
and  a  second  loop  is  passed  over  the  needles  and  laid  in  the  front 
notch  as  before.  The  hind  loops  are  now  seized  in  rotation  by  a 
second  hook  and  “  cast-off”  over  the  end  of  the  “  needle  ”  and  over 
the  front  loop,  which  is  at  the  same  time  drawn  back  by  the  first 
hook  into  the  back  notch,  to  be  in  turn  cast  over  the  succeeding 
loop  laid  in  the  front  notch;  the  result  being  a  circular  or  tubular 
knitted  lace  of  a  very  strong  character,  which  is  drawn  through  the 
central  opening  in  the  rotating  boss,  and  is  wound  on  to  a  reel  as 
fast  as  it  is  produced.  The  great  feature  in  this  machine  (which  has 
received  “  honourable  mention  ”)  is  its  extreme  simplicity  and  com¬ 
pactness,  as  compared  to  the  ordinary  braiding  machine. 

FELTING  MACHINES  OR  MANUFACTURES.— The  production 
of  felted  cloth  is  undoubtedly  of  early  origin,  and  was  well  known 
in  this  country  towards  the  latter  part  of  the  sixteenth  century. 
By  some  it  is  asserted  that  this  class  of  goods  was  known  to  the 
ancients,  and  was  largely  used  by  the  Lacedemonians  as  clothing 
for  their  soldiers ;  but  the  data  for  this  supposition  are  rather  dubi¬ 
ous.  Felts  are  not  very  extensively  represented  in  the  International 
Exhibition  of  1862,  but  the  specimens  we  have  inspected  indicate 
the  high  state  of  perfection  attained  in  this  now  important  branch 
of  manufactures.  Amongst  the  English  exhibitors  of  felted  goods,  we 
have  the  Eoyal  Victoria  Felt  Company  (4345),  who  contribute  some 
good  specimens  of  various  kinds  of  felt  for  manufacturing  purposes, 
such  as  paper  making,  marble  polishing,  &c.,  &c.,  also  some  felt 
cloths  and  carpets  of  an  excellent  texture. 

The  Wandle  Felt  Company  (4173)  have  deservedly  obtained  a 
medal  for  their  specimens,  which  can  hardly  be  surpassed.  They 
exhibit  felts  of  all  thicknesses,  from  one  inch  down  to  ordinary  cloth. 

The  old  established  house,  J.  Wilkinson,  Son,  &  Company,  of 
Leeds,  still  maintains  its  reputation,  having  carried  off  a  medal  this 
year,  as  it  did  in  1851,  for  superiority  of  manufacture.  Their 
“Numnah’s”  or  felt  saddle-cloths,  as  made  for  her  Majesty’s 
cavalry  service,  are  remarkable  for  their  thickness,  extreme  soft¬ 
ness,  and  pliancy. 

FRANCE  contributes  some  novelties  in  the  shape  of  specimens  of 
felted  yarns  or  thread,  for  which  the  exhibitor,  M.  Vouillon  (2033), 
has  received  honourable  mention. 

This  is  a  most  important  discovery,  and  is  likely  to  produce  a 
complete  revolution  in  the  woollen  trade.  Specimens  of  the  felted 
yarns,  and  a  machine  for  making  them,  was  first  exhibited,  we  believe, 
at  the  “  Exposition  Eegionale  de  Bouen,”  in  1859,  where  they 
received  medals  of  the  highest  class.  The  idea  of  substituting  a 
felting  process  for  the  operation  of  spinning  in  the  manufacture  of 
yarns,  is  entirely  novel  in  this  country,  and  may  be  said  to  commence 
a  new  epoch  in  the  manufacture  of  woollen  fabrics.  The  machinery 
requisite  for  carrying  out  this  movement  is  extremely  simple  and 
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cheap,  as  compared  with  the  drawing  frame  and  mule,  the  services 
of  which  it  dispenses  with.  The  slivers,  of  a  given  thickness  accord¬ 
ing  to  the  size  of  thread  to  be  produced,  are  taken  direct  from  the 
carding  engine  and  placed  in  the  felting  machine.  This  machine 
contains  a  creel  frame  for  holding  the  bobbins  already  filled  from 
the  carding  engine,  and  the  slivers  are  drawn  from  the  bobbins  by 
passing  between  a  number  of  clothed  rollers  and  an  endless  web  of 
thick  felt  covered  with  linen  fabric.  As  each  succeeding  roller  rotates 
at  a  slightly  increased  speed  to  the  previous  one,  it  follows  that  a 
drawing  action  is  imparted  to  the  sliver.  The  felting  or  consoli¬ 
dating  action  is  obtained  by  imparting  a  rapid  longitudinal  vibratory 
motion  to  the  rollers  during  their  rotation,  the  result  of  which  is 
that  the  slivers  are  briskly  rubbed  to  and  fro  laterally  upon  the  sur¬ 
face  of  the  endless  web,  and  become  thoroughly  felted  and  consoli¬ 
dated  by  the  time  they  issue  from  beneath  the  last  roller.  The 
felting  process  is  facilitated  by  steam  heat  conveyed  by  pipes  between 
each  of  the  rollers.  The  felted  yarns  produced  by  this  machine 
are  infinitely  superior  to  ordinary  yarns,  being  free  from  roughness 
and  inequalities  of  all  kinds,  whilst  their  texture  is  beautifully  soft. 
It  has  been  found  that  a  saving  in  wool  of  at  least  30  per  cent,  is 
effected  by  the  felting  ever  the  ordinary  process  of  manufacture,  a 
given  weight  of  wool  producing  greater  length  of  yarn  whilst  at  the 
same  time  the  unavoidable  waste  which  occurs  in  drawing  and  spin¬ 
ning  is  entirely  prevented.  The  cloths  woven  from  these  felted  yarns 
are  thick  and  light,  and  offer  the  great  desideratum  of  warmth  with 
lightness  of  clothing.  M.  Vouillon  has,  we  are  happy  to  say,  obtained 
a  medal  for  his  machine. 

Another  novelty  in  this  class  of  goods  is  a  combined  felted  and 
textile  fabric,  exhibited  by  the  inventor  and  manufacturer,  M.  Itnbs 
(2198);  several  carpets  and  rugs  printed  in  elegant  designs  are 
shown  as  examples  of  the  new  manufacture.  This  compound  fabric 
consists  of  a  woven  or  textile  woollen  fabric,  combined  with  fleecy 
wool,  wadding,  or  other  carded  material,  capable  of  being  felted. 
The  textile  and  felted  fabrics  are  united  by  sewing,  and  the  com¬ 
pound  fabric  so  obtained  is  subsequently  consolidated  by  the  ordi¬ 
nary  fulling  process,  which  thoroughly  incorporates  the  felted  material 
with  the  woven  fabric,  so  as  to  produce  the  effect  of  one  body  or 
thickness  of  cloth,  having  a  woven  surface  and  a  felted  back. 
Economy  and  durability  are  claimed  for  this  new  manufacture,  but 
it  has  not  yet  had  a  sufficient  trial  to  test  the  latter  quality.  It  is 
proposed  by  the  inventor  to  apply  this  compound  fabric  to  various 
purposes,  as  for  example,  to  the  manufacture  of  warm  clothing, 
boots,  shoes,  slippers,  &c. 


3. -FLAX  AND  HEMP  MACHINERY. 

By  E.  P.  Alexander,  Esq.,  C.E. 

IIE  nature  of  flax  and  hemp  fibres  forming 
the  staple  of  manufactures  which  rank 
amongst  the  most  important  of  the  United 
Kingdom,  and  their  early  treatment  with 
a  view  to  fit  them  for  the  use  of  the 
spinner  and  the  weaver,  have  been  already 
treated  of  in  a  preceding  article.*  It 
now  only  remains  that  we  should  state 
our  impressions  with  regard  to  the  prin¬ 
cipal  machinery  in  the  Exhibition  con¬ 
nected  with  the  manufactures  in  question. 

Amongst  the  few  exhibitors  of  machinery  for  preparing  flax  and 
hemp,  Messrs.  J.  Combe  &  Company  (1491)  make  the  largest  dis- 

*  See  Professor  Hodge’s  article,  p.  95. 


play.  Their  assortment  comprises  a  long  line  hackling  machine, 
spreader,  tow  lap  machine,  long  line  drawing  frame,  long  line  roving 
frame,  and  two  ingenious  cop  winding  machines,  adapted  severally 
to  flax  and  hemp ;  the  last,  exhibited  by  Messrs.  Combe,  Smalpage, 
&  Combe,  having  obtained  a  prize  medal.  The  fibres  of  flax  and 
hemp,  after  having  been  partially  opened  out  by  the  scutcher 
(already  noticed  in  the  “  Record”),  require  to  undergo  a  peculiar 
process,  called  hackling,  for  the  purpose  of  cleaning  them,  and  split¬ 
ting  them  up  into  fine  filaments,  at  the  same  time  removing  the 
shorter  fibres  or  tow  and  all  extraneous  matter  adhering  thereto, 
and  laying  the  fibres  evenly  and  parallel  with  each  other.  The 
hackling  machine  exhibited  by  this  firm  is  of  the  double  vertical 
sheet  description,  and  is  a  well-made  machine.  The  stricks  of  fibre, 
after  leaving  the  scutcher,  are  slid  along  a  grooved  supporting  rail 
placed  over  and  between  the  hackling  sheets  and  parallel  thereto, 
the  ends  of  the  stricks  hanging  down  between  the  two  sheets  of 
hackle  teeth,  and  being  combed  out  or  hackled  by  the  onward  move¬ 
ment  of  the  teeth.  The  tow — or  short  fibre — is  collected  by  stripper 
bars  in  lieu  of  brushes,  and  is  deposited  in  a  receptacle  beneath,  to 
be  afterwards  formed  into  a  lap  by  an  ingeniously-constructed 
machine  which  we  shall  presently  describe,  whilst  the  hackled  flax 
or  line  is  removed  from  the  machine  to  be  afterwards  sorted  into 
different  degrees  of  fineness,  preparatory  to  its  first  assumption  of 
the  sliver  state.  Tke  first  continuous  length,  or  sliver,  is  produced 
in  what  is  called  the  spreader.  These  machines,  of  which  we  notice 
several  by  different  makers,  are  nearly  all  alike,  and  consist  essen¬ 
tially  of  a  table  upon  which  the  fibres  are  laid  or  spread,  so  that 
the  end  of  one  strick  is  laid  over  the  preceding  one,  so  as  to 
produce  a  pretty  even  layer.  A  pair  of  metal  feeding  rollers  on  the 
front  edge  of  the  table  seizes  the  fabric  and  conveys  it  into  a  series 
of  faller  gills,  which  convey  it  to  a  pair  of  drawing  rollers  at  the 
other  end  of  the  machine.  These  rollers  in  flax  and  hemp  machines 
are  usually  composed  of  wood  and  metal  respectively,  the  upper  or 
wooden  roller  having  a  considerably  larger  diameter  than  the  under 
metal  roller,  which  is  fluted  on  its  surface  to  increase  its  hold  on  the 
fibre.  As  these  rollers  rotate  at  a  greater  speed  than  that  of  the 
gill  combs,  they  tend  to  draw  the  fibres  through  the  teeth  of  those 
combs,  thus  lengthening  the  sliver  and  laying  its  filaments  parallel 
to  each  other.  In  this  machine  the  sliver  is  not  twisted,  being 
deposited  in  cans  in  a  riband  form  only. 

The  drawing  frame,  which  is  of  a  similar  construction  to  the 
spreader,  serves  to  unite  several  of  these  slivers  into  one,  preparatory 
to  receiving  their  first  twist  in  the  roving  machine.  The  mode  of 
guiding  the  several  slivers  and  uniting  them  in  one  without  destroying 
their  riband-like  form,  is  extremely  simple  and  effective.  It  consists 
in  causing  each  sliver  to  pass  round  the  edge  of  an  angulated  slot,  a 
series  of  which  are  made  for  the  several  slivers  in  an  inclined  guide- 
bar  placed  above  the  receiving  cans.  As  the  slivers  are  drawn 
round  the  angularly-disposed  sides  of  the  slots,  they  preserve  their 
flat  or  riband  form,  in  lieu  of  being  drawn  or  crowded  together  in 
the  form  of  a  rope.  The  cans  from  the  drawing  frame,  containing  the 
doubled  and  drawn  slivers,  are  removed  to  the  roving  machine,  which 
is  constructed  on  the  same  principle  as  the  spreader  and  drawer,  but 
with  the  addition  of  flyers,  for  the  purpose  of  imparting  the  first 
twist  to  the  fibres,  which  are  here  wound  on  to  bobbins  preparatory 
to  spinning.  In  this  machine  the  exhibitors  have  introduced  some 
very  neat  contrivances  for  regulating  the  speed  of  the  bobbins  as 
they  gradually  fill,  and  for  obtaining  the  alternating  rise  and  fall  of 
the  bobbin  rail.  In  lieu  of  the  ordinary  reversed  cones  and  travers¬ 
ing  strap  hitherto  adopted  for  obtaining  the  varying  speed  of  the 
bobbins,  Mr.  Combe  has  applied  his  ingenious  expanding  pulley  with 
great  effect.  This  pulley  is  no  doubt  well  known  to  most  of  our 
readers,  and  has  been  already  noticed  in  the  pages  of  the  Practical 
Mechanic's  Journal.  It  is  one  of  the  most  beautiful  contrivances 
we  have  seen  for  obtaining  a  variable  speed,  and  its  compactness 
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Reverse  Motion. 


and  extreme  simplicity  render  it  admirably  adapted  to  machinery  of 
this  description. 

The  rise  and  fall  of  the  bobbin  rail  is  obtained  in  an  equally  simple 
manner,  which  is  shown  at  Fig.  486 ;  the  reversal  of  the  gearing 
which  transmits  the  desired  movement  to 
the  rail  being  effected  by  having  a  pair 
of  equal-sized  pinions  in  gear  with  each 
other,  and  mounted  upon  a  tipping  frame, 
so  centred  as  to  admit  of  either  one  of  the 
pinions  being  brought  into  gear  with  a 
spur  wheel,  which,  by  suitable  mechanism, 
transmits  the  rise  and  fall  to  the  bobbin  rail. 
The  consequence  is  that  the  spur  wheel  is 
reversed  at  every  change  of  position  of  the 
two  pinions ;  as  in  one  position  it  receives 
its  motion  direct,  and  in  the  other  position  indirectly  through  the 
intervention  of  the  second  pinion,  which  in  that  case  acts  as  a  carrier 
wheel.  The  tow  lap  machine,  already  alluded  to,  is  a  clever  con¬ 
trivance  for  preparing  the  lap  of  tow,  and  winding  it  on  to  a  roller 
in  a  fit  state  to  be  conveyed  to  the  carding  engine.  In  this  machine, 
which  occupies  not  more  standing  room  than  a  square  of  4  feet,  the 
tow  is  fed  in  from  twelve  cans  in  separate  slivers,  which  are  guided 
by  means  ot  proper  guide  rollers  on  to  a  large  receiving  roller  pro¬ 
vided  with  loose  ends  or  flanges  which,  when  adjusted  to  the  ends  of 
the  roller,  present  the  appearance  of  a  huge  bobbin  of  about  18  inches 
in  length,  with  flanges  or  ends  of  about  2  feet  in  diameter.  Between 
these  flanges,  and  pressing  upon  the  lap  as  it  winds  on  to  the  latter, 
there  is  a  heavy  metal  rotatory  cylinder,  the  axis  of  which  is  con¬ 
tained  at  each  end  in  a  vertical  slot  in  the  framing,  in  order  to 
admit  of  the  free  vertical  play  of  the  cylinder  to  allow  for  the 
increasing  diameter  of  the  roll  as  the  lap  is  wound  on.  As  this 
diameter  increases,  the  pressing  roller  or  cylinder  of  course  rises ; 
and  as  it  rises  it  lifts  a  vertical  rack  in  gear  with  a  pinion  fast  on  a 
cam  shaft,  and  so  rotates  the  cam  on  the  end  thereof.  This  cam 
is  made  to  act  upon  one  of  Combe’s  expansion  pulleys,  through 
which  the  motion  of  the  lap  roller  is  obtained.  The  result  is,  that 
as  the  diameter  of  the  roll  of  lap  increases,  its  speed  is  diminished 
in  proportion,  and  this  is  effected  in  an  entirely  automatic  manner. 
A  friction  disc  is  employed  for  transmitting  the  motion  from  the 
driving  expansion  pulley  to  the  lap  roller  or  beam.  This  machine, 
equally  applicable  to  the  tows  of  flax,  hemp,  or  jute,  effects  a  con¬ 
siderable  saving  in  time  in  supplying  the  carding  engine.  The 
cop-winding  machines  exhibited  by  Combe, 

Smalpage,  &  Combe,  are  well  worth  the 
attention  of  all  interested  in  this  branch 
of  manufactures.  In  these  machines  the 
cops  for  the  shuttles  are  made  directly 
upon  the  spindles,  without  the  use  of 
wooden  bobbins  or  pirns.  The  formation 
of  this  cop  (shown  in  section  at  Fig.  487) 
differs  essentially  from  that  of  the  cotton 
cop  made  by  the  mule.  The  thread  is 

Fig.  487. 


Fig.  4SS. 


Formation  of  Cope— Longitudinal  Section.  Mode  of  Winding— Elevation. 

wound  upon  the  spindle,  so  as  to  form  a  series  of  frustrums  of 
cones ;  the  narrow  end  being  of  the  diameter  of  the  spindle 
itself,  and  the  larger  end  that  of  the  full  diameter  of  the  finished 
cop.  A  conical  cop-shaper,  fixed  to  a  rail  and  surrounding  the 


spindle,  serves  to  shape,  or  rather  to  guage  the  shape,  of  the 
conical  end  of  the  cop,  as  illustrated  by  Fig.  488.  This  shaper 
is  slotted  down  one  side,  through  which  slot  the  thread  enters, 
having  previously  passed  through  a  vertical  traversing  guide  eye, 
having  a  regular  reciprocating  motion  up  and  down  in  front  of  the 
slot,  by  being  connected  to  a  rocking  shaft,  which  is  actuated  by  an 
eccentric.  The  traverse  of  this  guide  eye  is  regulated  according 
to  the  more  or  less  conical  formation  of  the  cop ;  but  in  no  case 
does  it  travel  beyond  the  range  of  the  cop-shaper.  The  cop  is  thus 
built  up  from  the  bottom  upwards,  gradually  increasing  in  length  as 
the  operation  proceeds.  When  the  cop  is  complete,  it  is  removed 
from  the  spindle  by  lowering  the  latter  by  pressing  upon  a  treadle 
or  stirrup,  which  has  the  effect  of  drawing  down  the  spindle  clear 
of  the  cop.  This  formation  of  cop  admits  of  the  weft  being  much 
more  easily  drawn  off,  than  when  the  cop  is  wound  from  the  first 
from  end  to  end.  The  cop  is  held  in  the  shuttle  without  the  inter¬ 
vention  of  a  skewer  ;  the  wreft  being  drawn  off  from  the  interior  or 
hollow  portion  of  the  cop. 

Messrs.  Lawson  &  Sons  of  Leeds  (1520)  also  exhibit  a  large 
assortment  of  well  made  flax  machinery,  comprising  Horner’s  patent 
hackling  machine,  spreading  frames,  gill  spinning  or  roving  frame 
for  hemp  or  flax,  and  large  carding  engine  and  drawing  frame 
attached.  The  gill  spinning  frame  is  a  useful  machine  for  twisting 
the  hempen  strands,  before  being  spun  into  ropes  by  the  ordinary 
machinery  for  the  purpose.  It  is  of  a  stronger  make  than  the  rov¬ 
ing  frame,  being  intended  for  hemp,  but  is,  really  speaking,  nothing 
more  than  a  roving  frame  in  its  action,  the  fibres  being  carried 
along  a  set  of  faller  gills,  and  passed  through  drawing  rollers, 
before  entering  the  flyers,  which  twist  them  and  wind  them  on  to 
bobbins. 

The  spreading  frame  exhibited  by  this  firm  is  of  the  usual  con¬ 
struction  already  noticed  by  us ;  it  is,  however,  an  excellent  speci¬ 
men  of  good  work ;  indeed,  Messrs.  Lawson  &  Sons’  machines  will 
all  bear  the  severest  scrutiny  in  this  respect. 

The  improved  hackling  machine  exhibited  and  manufactured  by 
this  firm  is  the  invention  of  Mr.  George  Horner  of  Belfast,  and  is, 
we  think,  the  best  exhibited.  It  is  a  double  sheet  machine,  com¬ 
bining  two  machines  in  one.  Its  leading  features  consist  in  forming 
one  side  of  the  grooves  of  the  top  sheet  rollers  (see  Fig.  489)  tan¬ 
gential,  or  in  line  with 

the  outside  diameter  Fig.  4S9. 

of  the  rollers,  whilst 
the  other  side  of  the 
grooves  is  radial,  the 
hackle  bars  being 
made  at  their  ends  to 
conform  to  this  form 
of  groove ;  the  object 
of  this  formation  is 
to  cause  the  hackle 
points  to  enter  the 
pendent  strick  of 
fibrous  material 
nearly  at  right  angles 
to  the  vertical  line. 

Mr.  Horner  makes 
his  stripper  cocks  or 
slot  plates  detached 
from  the  sheets,  so 
that  they  make  when 
at  work  a  continuous 
circular  or  eccentric  movement  round  the  lower  sheet  pulleys,  and  aro 
so  pitched  as  to  cause  the  stripper  rods  to  throw  out  close  to  the 
hackles,  and  remove  the  tow  after  the  hackles  have  passed  through 
the  strick  of  fibres.  A  tow  catcher  is  placed  near  the  centre  of  the 
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two  lines  of  stripper  cocks  or  slot  plates,  having  pins  on  the  upper 
and  lowor  side,  so  made  as  to  turn  half  round  occasionally  for  the 
purpose  of  taking  the  tow  from  off  the  stripper  rods.  We  may  also 
refer  to  another  ingenious  arrangement,  adopted  by  Mr.  Horner  for 
the  same  purpose.  It  consists  in  using  one  brush  and  one  doffer 
for  clearing  two  lines  of  sheets  of  hackles  running  parallel  to  each 
other,  the  brush  being  placed  at  the  underside  of  the  hackles  near 
the  centre  of  the  two  lines  of  sheets,  so  that  it  will  meet  the  hackles 
on  one  side,  and  follow  those  on  the  opposite  side.  The  tow  is 
removed  from  the  brush  by  the  doffer  in  the  ordinary  manner. 
These  modifications  tend  greatly  to  simplify  and  increase  the 
efficiency  of  this  class  of  machinery,  and  by  combining  two  ma¬ 
chines  in  one,  Mr.  Horner  succeeds  not  only  in  economizing  space, 
but  greatly  reduces  the  cost  of  the  machine,  as  nearly  one-half  of 
the  ordinary  mechanism  for  imparting  the  different  motions  is  dis¬ 
pensed  with.  A  saving  in  manual  labour  is  effected  also,  as  one 
side  of  the  machine  hackles  one  end  of  the  striek,  whilst  the  opposite 
side  is  hackling  the  other  end.  By  making  the  machine  duplex 
the  balance  weights  or  springs  for  balancing  the  troughs  are  also 
dispensed  with,  one  trough  being  made  to  rise  as  the  other  descends. 
Messrs.  Lawson  &  Son  also  exhibit  an  ingenious  self-acting  balling 
machine,  the  invention  of  Mr.  Griraston.  This  machine,  which 
we  illustrate  at  Fig.  490,  is  intended  for  winding  twine  or  thread 


Fig.  490. 


Grimston’s  Sell-acting  Balling  Machine— Side  Elevation. 

into  balls  ready  for  use,  and  is  capable  of  making  three  balls  at  one 
time.  The  thread  is  supplied  from  bobbins  fitted  on  creel  pegs, 
and  passes  through  a  flyer  which  rotates  at  a  slight  angle  with  the 
axis  of  the  spindle  or  mandrill  upon  which  the  ball  is  made;  this 
angularity  of  the  two  axes  producing  the  diagonal  winding  of  the 
thread  observed  in  cotton  and  twine  balls.  So  soon  as  the  ball 
has  attained  its  proper  size,  a  self-acting  stop  motion  comes  into 
action  and  stops  the  machine.  We  also  notice  here  a  double 
power  reel  of  simple  construction,  capable  of  reeling  two  sets  of 
hanks  at  one  time,  and  provided  with  self-acting  stop  levers  for 
stopping  the  machine  in  case  of  breakage  of  any  one  of  the  threads. 

Messrs.  Peter  Fairbairn  &  Company  of  Leeds  (1501)  exhibit  a  well 
made  gill  spinner  for  rope  yarns,  of  a  construction  very  similar  to 
the  one  we  have  already  noticed  amongst  Messrs.  Lawson’s  collec¬ 
tion.  They  have  also  a  spreader  of  the  usual  make,  with  endless 
travelling  bands  for  carrying  or  feeding  in  the  flax.  We  have 


found  nothing  worthy  of  special  notice  in  this  branch  of  textile 
machinery  exhibited  by  our  continental  neighbours. 

Messrs.  Charles  Parker  &  Sons  of  Dundee  (152G)  have  about 
the  largest  assortment  of  flax  and  jute  machinery  in  the  Exhibition, 
comprising  some  ingeniously  contrived  and  well-constructed  wind¬ 
ing,  warping,  dressing,  and  pirning  machines,  and  a  variety  of  looms. 
Our  limited  space  will  not  permit  of  a  detailed  notice  of  these 
machines,  but  the  following  brief  outline  of  their  leading  features 
will  indicate  to  those  in  the  trade  the  important  improvements 
which  this  firm  are  carrying  out.  They  exhibit  two  warp  winding 
machines,  one  of  which  is  intended  for  winding  the  warp  yarn  from 
the  hank  upon  bobbins.  It  is  provided  with  twenty-four  reels,  and 
is  equally  well  adapted  for  flax  or  jute  yarns  of  coarse  and  fine 
counts.  The  second  machine  of  this  class  is  a  warping  machine  of 
G2  inches  reed  space,  taking  the  yarn  from  the  bobbins  and  winding 
it  on  to  reels.  This  machine  is  also  adapted  for  beaming.  The 
leading  peculiarities  are — the  driving  of  the  reels  by  a  friction  disc 
plate,  admitting  of  being  adjusted  to  any  strength  of  yarn,  and  super¬ 
seding  the  necessity  for  cylinders  and  change  rings,  thereby  greatly 
simplifying  its  construction — the  giving  out  of  the  yam  into  the 
machine  by  rollers,  which  are  geared  in  connection  with  the  disc 
motion  above,  and  an  improved  arrangement  of  the  measuring  and 
reversing  motions.  Their  double  dressing  machine,  fitted  with 
brushes  G2  inches  in  width,  and  capable  of  dressing  two  warps 
simultaneously,  is  a  very  useful  contrivance.  It  is  provided  with 
large  drying  cylinders  and  fans,  rack  motion  for  pressing  the  warp 
on  the  beam,  rollers,  and  brushes  driven  by  gearing  direct,  and  a 
disengaging  motion.  Two  pirning  or  shuttle  bobbining  machines 
(one  double,  the  other  single)  are  shown.  The  double  machine 
pirns  from  the  hank.  It  contains  thirty-  two  spindles,  placed  hori¬ 
zontally,  and  driven  by  bevel-edged  friction  discs,  and  is  easily 
regulated  to  wind  the  coarsest  and  finest  yarns.  The  second  pirning 
machine  is  intended  more  for  sailcloth  yarns.  It  pirns  from  the 
bobbin,  and  is  fitted  with  vertical  spindles.  The  weaving  machinery 
here  exhibited  merits  the  attention  of  the  flax  and  jute  manufac¬ 
turers,  not  only  for  their  workmanship  but  for  their  efficiency.  Wo 
notice  here  an  old  friend  of  1851,  viz. — a  mathematical  sailcloth 
loom.  This  loom  has  been  exhibited  also  at  the  Paris  International 
Exhibition  of  1855 ;  and,  although  so  long  before  the  public,  it  has 
never  been  superseded  by  any  other  loom  for  the  like  purpose.  It 
weaves  from  four  yarn  beams,  has  a  perfectly  uniform  delivery  of 
the  warp  by  means  of  rollers,  the  speed  of  which  is  capable  of 
regulation  to  suit  the  fabric,  and  is  provided  with  a  positive  uptake 
motion,  consisting  of  a  pair  of  levers  with  self-regulating  or  adjust¬ 
ing  weights,  so  as  to  produce  a  uniform  tension  of  the  warp  as 
the  cloth  is  being  wound  upon  the  cloth  beam.  The  second  of 
the  four  looms  which  this  firm  exhibits  is  a  patent  jute  sacking  and 
bagging  loom,  fitted  with  twilled  and  plain  tramping  motions,  patent 
pin  roller,  and  patent  rolling  back  motion.  The  third  is  a  fine 
linen  loom,  with  an  ingenious  motion  for  easing  the  yarn,  so  as  to  j 
avoid  as  much  as  possible  all  breakages  therein,  and  fitted  with  an 
improved  picking  motion,  the  pick  passing  through  the  lay,  and 
actuated  by  quadrants  and  straps  at  the  lower  end  of  the  picker. 
They  also  exhibit  a  linen  loom,  adapted  for  weaving  with  a  patent 
five  shuttle  box  motion  for  various  colours  of  yarns  to  suit  any 
desired  pattern — a  card  motion  being  employed  for  varying  the 
number  of  threads  of  each  colour,  the  same  motion  being  equally 
applicable  to  a  less  number  of  shuttles. 

Before  concluding  our  notice  of  the  flax  and  hemp  machinery, 
we  would  briefly  draw  attention  to  a  few  machines  chiefly  connected 
wdth  preparatory  operations.  The  first  of  these  is  an  effective  and 
simple  flax  scutching  machine  (243)  exhibited  by  the  inventor  and 
constructor,  M.  C.  Mertens  of  Gheel,  Belgium,  for  which  he  has 
been  awarded  a  prize  medal  by  the  jury.  The  peculiar  arrange¬ 
ment  of  the  heaters  enables  it  to  yield  a  considerably  larger  per 
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centage  of  scutched  flax  from  a  given  weight  of  raw  material  than 
most  other  machines  of  the  kind.  A  machine  capable  of  producing 
400  cwt.  of  scutched  flax  per  diem,  and  requiring  the  attendance  of 
four  children,  may  be  easily  driven  by  a  power  equivalent  to  one 
horse.  Before  scutching,  the  flax  is  passed  through  a  breaking 
machine,  provided  with  notched  iron  rollers  of  about  3  feet  6  inches 
in  length.  This  operation  renders  the  flax  more  flexible,  and 
spreads  it  uniformly,  which  tends  greatly  to  assist  and  simplify  the 
subsequent  operation  of  the  scutcher.  It  is  asserted  that  retted  or 
unretted  hemp  treated  by  these  machines  will  yield  double  the 
amount  of  fibre  obtainable  by  the  ordinary  methods  of  treatment. 
This,  however,  we  cannot  vouch  for. 

The  only  other  scutching  machines  of  any  special  merit  have 
been  already  noticed  under  the  head  of  Flax,  in  the  papers  on 
vegetable  and  animal  products.  A  flax  breaking  machine,  exhibited 
at  work  by  Mr.  A.  Guild  in  the  Western  Annexe,  is  worthy  of 
notice  for  the  simplicity  of  its  construction  and  powers  of  production. 
It  is  a  small  machine,  weighing  not  more  than  5  cwt.,  and  capable  of 
being  operated  by  a  girl,  but  is  said  to  produce  from  120  lbs.  to  130 
lbs.  of  clear  fibre  per  day.  This  gentleman  exhibits  at  work  a  “fibre 
machine,”  for  breaking  up  and  removing  the  pulp  and  woody  mat¬ 
ters  from  all  kkids  of  fibre-bearing  plants,  leaving  the  fibres  per¬ 
fectly  clean  and  comparatively  uninjured.  These  machines  consist 
essentially  of  a  pair  of  breaking  rollers,  working  in  conjunction 
with  a  peculiar  endless  band,  provided  with  alternate  rows  of  teeth 
and  scraping  edges,  which  effectually  remove  the  extraneous  mat¬ 
ters  from  the  fibres  without  injuring  them.  The  last-mentioned 
machine  is  capable  of  separating  the  fibres  of  all  plants  of  the 
agave,  aloe,  pine  apple,  banana,  plantain,  and  yucca  families  ;  and 
will  also  clean  Rhea  or  China  grass,  New  Zealand  flax,  and  unretted 
hemp.  Messrs.  Sanford  &  Mallory,  of  the  United  States,  are  the 
inventors  of  these  useful  little  machines.  The  United  States  also 
contribute  some  useful  machinery  for  treating  flax  and  hemp, 
exhibited  in  the  Western  Annex6  by  Mr.  George  II.  Sanborn. 
This  collection,  which  is  well  worth  inspecting,  comprises  a  dressing 
machine  for  flax  or  hemp,  but  is  especially  adapted  for  Manilla 
hemp.  A  rope  yarn  spinning  machine,  adapted  also  for  fine 
spinning,  and  for  making  twine.  A  topping  and  laying  machine 
for  manufacturing  cords  of  all  sizes,  with  two  or  three  strands,  fitted 
with  from  one  to  twelve  spindles.  This  machine  is  especially 
adapted  for  cotton  stranding.  Lastly,  a  rope  making  machine, 
which  forms  the  strands  and  lays  the  rope  at  one  operation.  The 
last-mentioned  machine  is  one  of  the  best  we  have  seen. 


to  the  inspection  of  the  printed  and  dyed  goods  of  18G2,  might 
remain  profoundly  ignorant  that  the  intervening  years  had  been 
years  of  intense  excitement  and  promise  in  these  branches — 
excitement  which  has  spent  itself  in  so  many  instances  without 
result — promise  which  has  been  but  imperfectly  realized.  For  what 
does  the  visitor  see  now  which  he  could  not  have  seen  in  1851  ? 
The  aniline  colours  apart,  there  is  scarcely  a  novelty  in  any  way. 
Improvements  have  been  made,  doubtless,  in  the  general  results ; 
the  printing  is  better,  the  colours  purer,  the  whites  clearer,  and  the 
economy  of  the  whole  process  of  printing  has  been  satisfactorily 
studied,  to  the  profit  alike  of  producers  and  consumers.  But  though 
these  details  make  an  important  aggregate,  they  are  individually 
small,  and  fail  to  impress  the  eye  of  the  general  visitor.  Not  only 
might  such  an  one  ask,  where  are  the  improvements  made  since 
1851,  but  also  and  with  great  reason  he  might  demand  what  has 
become  of  the  things  which  were  novel  in  1851  ?  Alas !  they  have 
gone  to  swell  the  catalogue  of  failures.  No  one  hears  now  of  the 
beautiful  dahlia  colours  from  archil  fixed  upon  delaine  by  caseine, 
the  patented  process  of  Broquette,  which  were  conspicuous  at  our  last 
Exhibition ;  and  the  remarkable  discovery  by  Mr.  Mercer  of  the 
action  of  concentrated  caustic  alkaline  liquids  upon  vegetable  fibres, 
which  attracted  so  much  attention,  and  which  seemed  to  promise 
such  valuable  results,  has  been  commercially,  in  the  printing  trade 
at  least,  unsuccessful. 

Another  splendid  failure,  the  whole  history  of  which  is  included 
in  the  interval  between  the  two  Exhibitions  of  1851  and  1862,  is 
the  murexide  purple.  Ever  since  Prout  examined  uric  acid  it  must 
have  been  generally  known  that  a  splendid  purplish  colour  was  pro- 
duceable  from  it ;  for  this  most  ingenious  and  correct  chemist  called 
the  acid  which  he  obtained  by  the  action  of  nitric  acid  and  ammonia 
upon  uric  acid  by  the  name  purpuric  acid,  and  drew  attention  to  its 
magnificent  colour,  and  especially  to  that  very  combination  with 
ammonia  which  is  now  called  murexide. 

There  is  no  doubt  that  it  is  to  the  paper  of  Messrs.  Sacc  &  Schlurn- 
berger  in  1853  that  we  owe  the  attention  to  the  subject  which  soon 
afterwards  resulted  in  the  production  of  murexide  upon  the  large  scale. 
It  is  only  a  chemist  who  can  understand  the  feeling  of  surprise  with 
which  the  announcement  was  received  that  Messrs.  Depoully  Fibres 
were  manufacturing  hundredweights  of  murexide  about  twelve 
months  after  the  appearance  of  the  report  mentioned  above.  This 
substance,  so  difficult  to  prepare  that  a  chemist  who  had  a  hundred 
grains  as  a  specimen  was  esteemed  fortunate,  was  being  produced  as 
easily  as  quinine  ;  and,  moreover,  a  process  had  been  discovered  by 
which  it  could  be  fixed  easily  and  with  regularity  upon  cotton  fabrics. 
It  became  at  once  the  rage  in  calico  printing,  yielding  a  fine  bright 
and  deep  amaranth ;  but  it  was  soon  discovered  that  it  was  want¬ 
ing  in  stability,  and  murexide  was  shunned  as  an  evil  and  a  snare. 
With  the  exception  of  some  specimens  in  Mr.  Rumney’s  case  in  the 
Eastern  Annexe,  south-east  passage,  No.  592,  which  are  historical, 
and  a  piece  of  garancine  work  in  the  south-west  gallery,  No.  2229, 
where  a  small  object  of  murexide  is  blocked  in,  we  have  not  seen  a 
single  specimen  of  the  colour  in  the  Exhibition. 

The  modified  archil  preparations  of  Guinon  &  Company  of  Lyons, 
though  they  must  have  fallen  short  of  success  in  the  consideration 
of  their  proprietors,  owe  this  ill-fortune  rather  to  the  accidental 
appearance  of  the  aniline  mauve  than  to  any  radical  defect.  These 
also  were  wanting  in  stability,  and  it  is  not  surprising  therefore  that 
we  did  not  perceive  a  single  sample  of  this  colour  among  the  printed 
articles  in  the  Exhibition.  In  the  case  of  Messrs.  Guinon  &  Mamas 
(France,  2248),  there  are  colours  on  silk  doubtless  derived  from  this 
preparation,  but  this  we  can  only  conjecture. 

Another  colouring  matter  of  considerable  interest  has  presented 
itself  also  since  1851 ;  we  allude  to  the  Chinese  green  colouring 
matter  sometimes  called  Chinese  green  indigo.  Samples  of  Chinese 
calico,  dyed  with  a  peculiar  green  colour,  had  been  examined  in 
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years  which  have  elapsed  between  the 
close  of  the  Exhibition  of  1851  and 
the  opening  of  ths  present  one,  have 
been  momentous  in  the  history  of 
calico  printing  and  dyeing.  In  no 
similar  period  in  the  records  of  these 
important  industrial  arts,  have  so 
many  new  processes  been  originated, 
so  many  new  sources  of  tinctorial 
matters  pointed  out,  or  so  great  a 
variety  in  their  applications  to  textile 
materials  been  discovered  and  practised.  But  a  casual  visitor, 
who  had  brought  his  recollections  of  the  Crystal  Palace  of  1851 
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France,  and  pronounced  to  be  new,  and  not  separable  into  blue  and 
yellow,  as  was  the  case  with  every  known  green  colour  of  the  vege¬ 
table  kingdom  previously  used  in  dyeing.  Inquiries  were  instituted, 
and  some  of  the  dye  was  said  to  have  been  obtained,  but  it  was 
evident  that  we  have  not  yet  secured  possession  of  the  original  dye¬ 
ing  substance  used  by  the  Chinese.  What  has  been  received  in 
this  country  is  a  lake  laboriously  prepared  by  collecting  the  excess 
of  colour  from  cotton  pieces  previously  dyed  from  the  raw  material. 
In  Lyons  it  is  used  for  dyeing  silk  of  an  agreeable  grass-green  shade. 
Its  most  valuable  property  is  that  of  maintaining  an  almost  undi¬ 
minished  beauty  by  artificial  light,  which  is  so  destructive  to  all 
greens  compounded  of  blue  and  yellow.  Some  specimens  of  silk 
in  the  French  department  are  evidently  obtained  from  this  substance, 
though  not  shown  as  such. 

Of  picric  acid,  the  introduction  of  which  as  a  tinctorial  agent 
dates  since  1851,  there  are  no  special  examples  in  the  Exhibition, 
although  it  is  evidently  the  colouring  matter  of  some  of  the  lemon 
yellows  in  the  French  and  English  silks. 

Having  thus  briefly  despatched  some  attempts  at  improvements 
in  our  arts,  the  absence  of  specimens  of  which  makes  reference 
impossible,  we  may  proceed  in  our  investigation  of  the  exhibited 
articles,  adopting  such  an  arrangement  as  will  sufficiently  exhaust 
the  subject  without  too  much  distracting  the  attention  by  the  extent 
of  ground  included.  We  shall  take,  first,  Dyed  and  Printed  Cotton 
Goods ;  next,  Woollen  and  Mixed  Woollen  and  Cotton  Goods ;  and 
lastly,  Silk  and  Mixed  Goods  in  which  silk  is  introduced.  . 

Of  all  the  dyeing  woods  or  roots  which  lend  their  aid  to  the 
colourist,  there  is  none  so  important  or  so  valuable  as  madder.  Not 
only  does  it  yield  a  great  number  of  beautiful  shades  of  colour,  but 
they  are  all  of  the  utmost  degree  of  permanency,  resisting  alike  the 
accidents  of  wear,  the  friction  and  detergents  of  washing,  and  age 
itself ;  going  down  at  last  with  almost  undiminished  beauty  to  the 
uses  of  the  papermaker,  more  permanent  even  than  the  fabric  upon 
which  they  are  printed.  The  great  drawback  to  madder  is  the 
difficulty  and  complexity  of  the  operations  by  which  its  colouring 
matter  is  fixed  upon  cloth,  requiring  careful  manipulation  and 
reiterated  treatments  in  every  stage  of  its  progress,  in  order  to  secure 
the  best  results.  Many  attempts  have  been  made  to  extract  the 
colouring  matter  of  madder  in  a  purified  and  concentrated  state,  with 
the  hope  of  simplifying  its  application  and  insuring  greater  regu¬ 
larity  of  results ;  but  these  attempts  have  not  been  successful  in  any 
conspicuous  degree.  It  is  true  we  have  four  or  five  preparations  of 
madder  in  the  market  largely  used  in  trade,  but  even  the  strongest 
and  most  concentrated  of  these  preparations  contain  but  a  small 
percentage  of  alizarine  to  a  mass  of  inert,  if  not  prejudicial,  matter. 
There  is  garancine  and  garanceux  which  have  been  most  exten¬ 
sively  employed  for  the  last  dozen  years,  and  have  in  fact  produced 
a  new  style  of  prints.  We  have  also  the  flower  of  madder,  which 
has  been  useful  in  its  place ;  and  there  is  also  the  commercial 
a'izarine  of  Messrs.  Pincoffs,  which  has  advantages  in  certain  styles 
of  production. 

Of  madder  colours,  properly  so  called,  we  have  most  excellent 
specimens  in  the  English  department.  Messrs.  Thomas  Hoyle  & 
Sons  (4319),  a  firm  who  have  a  kind  of  historical  renown  for 
madder  work  and  fast  colours  generally,  exhibit  first  class  specimens 
of  regular  work.  By  regular  work  we  mean  such  as  we  should  expect 
to  see  at  the  warehouse  for  sale,  and  not  specimens  got  up  specially 
for  exhibition.  The  whole  printed  and  dyed  work  in  the  British 
department  has  a  bona  fide  appearance  of  being  simply  taken  from 
stock;  m  other  departments  we  shall  have  to  say  of  some  magnifi¬ 
cent  articles  that  they  have  the  appearance  of  being  purposely  pro¬ 
duced  for  exhibition,  and  though  this  is  not  meant  as  a  depreciation 
of  their  excellence,  yet  it  is  well  we  should  have  a  line  drawn 
between  those  who  exhibit  what  it  is  possible  to  produce  in  their 
departments,  and  those  who  exhibit  what  they  do  actually  produce 


every  day.  Messrs.  M‘Naughtan  &  Thom  (4325)  have  a  collec¬ 
tion  of  cambrics  which,  we  think,  stands  first  in  the  whole  Exhibition 
for  general  excellence.  The  light  work  is  of  the  highest  class,  the 
pinks  and  lilacs  being  of  great  purity,  while  the  clearness  of  the 
whites  contribute  largely  to  the  general  effect.  In  dark  purples 
Messrs.  Hoyle  have  an  advantage,  and  their  pinks  are  not  excelled 
by  any  we  have  seen.  Their  garancine  work  is  also  excellent.  The 
Newton  Bank  Printing  Company  (4328)  exhibit  a  good  collection 
of  excellent  madder  and  garancine  work.  Their  dark  purples  are 
first  class,  and  evidently  show  no  stinting  of  madder  in  the  dyeing : 
of  the  pinks  in  this  case  we  cannot  speak  so  highly.  Bradshaw, 
Hammond,  &  Company  (4307),  exhibit  good  ordinary  madder 
and  garancine  work.  Their  shirtings  are  commendable  for  general 
neatness  of  effect  and  purity  of  white.  In  the  case  of  Messrs.  Wat¬ 
son  &  Stark  we  find  some  high  class  printing  on  imitation  Marseilles 
for  vestings.  The  small  designs  in  buff,  drab,  and  green,  are  specially 
good.  Messrs.  Butterworth  &  Brookes  exhibit  scarcely  any  pure 
madder  or  garancine  work,  but  show  an  extensive  assortment  of 
combined  madder  and  aniline  colours  which  look  tolerably  well. 
They  have  patented  the  process  by  which  this  combination  is  attained 
by  a  single  printing,  instead  of  blocking  as  is  usual.  It  remains  to 
be  seen  by  experience  whether  the  novelty  of  this  arrangement  is 
not  its  chief  recommendation;  we  distrust  greatly  the  too  close  con¬ 
tact  of  the  madder  and  the  aniline  colours  in  the  dye  beck,  and  think 
that  eventually  madder  will  have  the  best  of  it.  We  should  not 
overlook  the  cambric  imitation  of  silk  ribbons  exhibited  by  Messrs. 
R.  Ormerod  &  Company  (4330) ;  they  are  neat  and  very  cheap, 
and  by  their  excellent  finish  bear  a  considerable  resemblance  to  silk. 
If  this  finish  will  withstand  for  a  fair  period  the  accidents  of  wear, 
we  may  predict  a  considerable  amount  of  success  for  the  new  cam¬ 
bric  ribbons.  The  other  British  exhibitors  of  cotton  printed  cam¬ 
brics  of  the  madder  and  garancine  class  do  not  call  for  any  special 
notice.  In  muslins  the  show  is  good  but  not  extensive.  In  case 
No.  4335  there  are  some  excellent  muslins,  well  bleached,  well 
printed,  and  well  finished;  but  the  name  of  the  printer  or  printers 
does  not  appear.  Messrs.  Muir,  Brown,  &  Company  (4327) 
exhibit  also  an  excellent  collection  of  high  class  muslins.  In  this 
case  we  perceive  the  only  specimen  of  metallic  printing  in  the  Exhi¬ 
bition.  It  is  a  small  spangle  of  gold  on  a  fine  muslin,  and  is  repeated 
with  several  colourings.  J.  M‘Nab  (4324)  has  also  a  very  fine 
lot  of  Scotch  muslins,  which  are  excellent  in  all  their  details. 

Linen  is  not  a  favourite  tissue  for  printing  or  dyeing,  but  we  have 
in  Nos.  3764  and  4315  some  samples  of  printed  drills  and  lawns,  from 
the  Old  Park  Print  Works,  Belfast,  which,  without  any  great  pre¬ 
tension,  are  really  very  excellent  work,  both  colours  and  whites  being 
of  the  very  best  quality. 

Passing  from  the  madder  and  garancine  styles,  which  form  the 
bulk  of  our  cotton  prints,  we  naturally  turn  to  indigo,  which  is  only 
second,  if  even  it  be  second,  in  importance  to  madder.  In  the  indigo 
styles  the  Exhibition  is  remarkably  deficient,  a  fact  which,  we  sup¬ 
pose,  is  sufficiently  explained  by  stating  that  these  styles  are  confined 
to  the  use  of  the  poorest  people,  and  are  so  common  and  unattractive 
in  appearance  as  not  to  have  been  deemed  worthy  by  their  producers 
of  a  place  amidst  so  much  that  is  splendid  and  magnificent.  Messrs. 
M'Kinnell  and  Company  (4323),  however,  exhibit  a  good  selec¬ 
tion  of  dip  blues  of  excellent  quality.  The  resists  in  large  masses 
are  remarkably  good,  and  the  combinations  with  chrome,  yellow,  and 
orange,  are  all  that  can  be  desired.  This  firm  also  show  some  blocked 
furnitures  and  garancine  work,  which  are  only  of  medium  excellence. 
Of  all  the  other  forms  in  which  indigo  can  be  applied  to  cotton  we 
have  only  been  able  to  detect  one  illustration  in  the  Exhibition,  and 
that  is  of  the  blue  called  China  blue,  and  only  two  exhibitors  show 
this.  Messrs.  Thomas  Hoyle  &  Sons  (4319)  have  some  good  exam¬ 
ples,  and  Messrs.  Bradshaw,  Hammond,  &  Company  (4307),  some 
of  very  fair  quality.  It  is  a  matter  for  astonishment  that,  while  the 
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brilliancy  of  nearly  every  tinctorial  substance  used  in  the  arts  has 
been  enhanced  by  the  progress  of  science  and  by  experience,  indigo 
remains  an  exception.  It  is  still  the  dull,  but  fast  and  permanent 
colour,  which  was  applied  half  a  century  ago,  with  hardly  a  modifi¬ 
cation  in  any  of  its  details.  But  it  has  not  been  left  alone  in  the 
general  race  of  improvement;  earnest  and  vigorous  efforts  have 
been  made  to  modify  its  methods  of  application  and  improve  its  hue, 
but  like  so  many  other  trials  in  connection  with  printing,  the  experi¬ 
ments  have  only  resulted  in  expensive  failure.  In  the  matter  of 
resists,  Mr.  Joseph  Leese,  jun.,  has  sought  to  introduce,  instead  of 
the  expensive  sulphate  of  copper,  the  cheaper  sulphate  of  manganese ; 
but  it  has  failed.  While  so  much  attention  is  being  paid  to  the  pro¬ 
duction  of  new  colouring  matters,  it  would  seem  as  if  the  improve¬ 
ment  of  the  old  ones  was  being  neglected.  Notice  should  be  drawn 
to  indigo  as  one  of  those  materials  capable  of  improvement,  and 
likely  to  reward  the  time  and  skill  spent  upon  it. 

The  illustrations  of  steam  colours  on  calico  contained  in  the 
Exhibition  are  of  the  highest  class  that  this  style  of  work  will  admit 
of.  Among  the  British  exhibitors  the  Rossendale  Printing  Company, 
who  show  nothing  else  but  dark  steam  work,  hold  in  our  opinion  the 
foremost  place.  The  depth,  fullness,  and  bloom  of  their  colours  is 
excellent,  and  might  easily  lead  to  the  impression  that  it  was  a  fabric 
of  wool  or  delaine,  and  not  common  cotton,  upon  which  the  designs 
were  developed.  There  is  some  good  chintz  steam  work,  as  also 
steam  furnitures  of  fair  excellence,  mixed  up  in  some  of  the  cases  of 
exhibitions  already  referred  to,  but  not  such  as  to  call  for  special  notice. 
There  is  little  of  novelty  in  the  class  of  steam  colours  since  1851, 
or  indeed  for  many  years  previously.  Their  constituent  elements 
and  their  manner  of  application  remain  sensibly  in  the  same  state 
that  they  were  a  dozen  or  fifteen  years  ago.  The  only  attempted 
innovation  in  this  branch  that  at  present  occurs  to  us,  was  the  intro¬ 
duction  by  M.  Co'dz  of  St.  Denis,  Paris,  of  moist  lakes,  prepared 
from  the  dyeing  materials,  by  precipitation  with  alumina  or  oxide  of 
tin,  secured  by  patent,  March  23,  1854.  These,  tightly  packed  in 
casks  or  jars,  were  sent  out,  and  threatened  to  render  colour-mixing 
and  colour-mixers  unnecessary;  since,  in  order  to  prepare  them  for 
immediate  use,  they  only  required  thickening  with  gum  or  starch,  and 
the  addition  of  a  small  quantity  of  acid  or  other  ingredient  accord¬ 
ing  to  directions  sent.  The  results  were  in  many  cases  as  good  and 
cheaper  than  the  colours  prepared  on  the  works.  The  applications 
of  chlorate  of  potash  have  extended  in  steam  colours  as  an  oxidizing 
agent,  but  the  copper  salts  are  yet  largely  used.  Upon  this  point 
we  may  note,  that  in  five  cases  out  of  six  the  mixture  of  sal  ammo¬ 
niac  and  nitrate  of  copper  is  the  oxidizing  agent  employed.  Only  a 
few  printers  employ  the  chloride  of  copper  directly  made,  and  yet 
theory  would  indicate  a  decided  advantage  in  using  this  salt,  which 
is  prescribed  in  nearly  all  French  processes.  Probably  the  difficulty 
of  obtaining  this  preparation  may  have  impeded  its  application,  for 
at  this  time  we  only  know  one  house  in  Lancashire,  Messrs.  Tenant 
&  Company,  who  regularly  prepare  the  chloride  or  muriate  of  copper. 
The  preparation  of  the  cloth  by  means  of  oxide  of  tin,  which  is  so 
important  a  part  in  successful  steam  work,  has  not  received  any 
notable  modification  of  late  years.  The  use  of  acid  solutions  of  tin 
in  preparing  has,  however,  gradually  diminished  until  it  may  be  said 
to  be  nearly  obsolete,  the  stannates  introduced  by  Mr.  J.  Young, 
formerly  of  Messrs.  Tenant’s  &  Company,  and  the  arsenio-stannates 
of  Blythe  &  Benson,  being  now  almost  exclusively  used  for  this 
purpose. 

Holding  a  place  between  printing  and  dyeing,  belonging  by  acci¬ 
dent  to  the  former,  but  of  necessity  and  in  essence  to  the  latter, 
stands  that  opprobrium  and  reproach  of  theory,  but  the  triumph  and 
glory  of  practice,  the  ancient  but  far-famed  Turkey  red. 

Messrs.  Muir,  Brown,  &  Company  (4327),  Messrs.  Stirling  &  Sons 
(4340),  and  also  Messrs.  Monteith  &  Company  (432G),  and  Messrs. 
John  Orr  Ewing  &  Company,  exhibit  samples  of  Turkey  reds, 


which  are  by  far  the  best  in  the  Exhibition,  showing  that  England, 
or  rather  Scotland,  because  there  is  not  a  single  English  exhibitor 
of  Turkey  red,  holds  the  first  place  in  this  industry.  From  the 
East  this  curious  process  of  dyeing  came  to  Europe,  and  it  is  only 
necessary  to  inspect  the  designs  in  Messrs.  Stirling  &  Sons’  case  to 
be  assured  that  it  is  to  the  East  that  a  considerable  proportion  of 
the  produce  still  finds  its  way.  For  where  else  would  so  bright  a 
colour  and  such  zoological  designs  find  purchasers  or  wearers? 
Angry  lions  scowl  out  upon  the  visitor,  gorgeous  peacocks  spread 
wide  their  argus-eyed  tails,  war  horses  and  their  riders  caper  and 
curvette  amidst  peaceful  camels,  and  the  lordly  elephant  bears 
proudly  his  royal  burden  in  the  royal  scene.  But  the  execution  is 
excellent,  and  the  discharging  to  produce  white  grounds  is  carried 
out  to  an  extent  which  we  scarcely  thought  practicable.  We  refer 
to  a  table-cloth  in  Messrs.  Stirling’s  case,  in  which  the  design  resolves 
itself  into  a  red  spot  upon  a  white  ground,  and  also  to  the  bold 
white  stripes  on  red  in  Messrs.  Monteith’s  collection,  and  to  cotton 
velvet,  with  white  stripe,  in  the  specimens  of  Messrs.  John  Orr 
Ewing  &  Company.  The  chrome  yellow,  and  black,  blue,  and 
green  discharge  effects  of  Messrs.  Stirling  are  very  fine ;  and  the 
imitation  cashmere  shawl  and  handkerchiefs  of  Messrs.  Monteith 
deserve  great  credit.  This  firm  exhibit  also  excellent  printed  hand¬ 
kerchiefs,  in  styles  other  than  Turkey  red. 

What  progress  has  been  made  in  Turkey  red  dyeing  these  few  years 
past  is  known  to  the  manufacturers  themselves,  but  not  clearly  to 
any  one  else.  There  is  an  affectation  of  secrecy  surrounding  the 
processes  in  use,  which,  combined  with  the  little  insight  chemical 
science  gives  into  the  well  known  operations  used  in  Turkey  red 
dyeing,  contribute  to  make  the  whole  affair  dark  and  mysterious  to 
an  outsider.  It  is  currently  rumoured  that  the  workmen  employed 
in  at  least  one  establishment  are  bound  by  oath  not  to  divulge  the 
nature  of  the  operations  they  are  engaged  in ;  but  though  this  passes 
probabilities,  it  is  quite  certain  that  there  is  an  extreme  unwilling¬ 
ness  on  the  part  of  manufacturers  to  permit  any  account  of  their 
processes  to  be  made  public.  If  there  is  any  real  secret  to  guard, 
no  commercial  man  would  find  fault  with  any  fair  precaution  taken 
to  guard  it,  for  such  a  thing  is  property  and  has  value ;  but  in  the 
majority  of  cases  the  secrets  so  guarded  are  well  enough  known  to 
every  intelligent  man  in  the  trade.  At  a  civil  action  lately  heard  in 
the  Exchequer  court,  we  saw  a  foreman  madder  dyer  refusing  to 
divulge  his  master’s  secret  of  adding  chalk  to  the  dye,  until  threatened 
with  committal  for  contempt  of  court.  It  is  such  patent  things  as 
this  which  are  for  the  most  part  dyers’  and  colour-mixers’  secrets. 

It  is  understood,  however,  that  the  only  novelty  in  Turkey  red  , 
dyeing  consistsin  a  preparation  of  the  oil  used,  by  which  it  is  oxidized, 
and  made  more  quickly  available  for  the  oiling  processes.  The 
patents  of  Messrs.  Mercer  &  Greenwood,  of  June,  1846,  and  March 
15, 1852,  are  the  bases  upon  which  these  improvements  are  effected. 
Since  the  production  of  garancine  of  good  and  regular  quality  has 
become  common,  it  is  largely  used  in  the  dyeing  of  Turkey  red 
yarn,  but  we  think  that  this  can  only  be  practised  with  the  certainty 
of  gradually  deteriorating  the  fastness  of  the  colour,  and  the  conse¬ 
quent  loss  of  the  name  and  reputation  which  the  real  Turkey  red 
has  justly  enjoyed  for  so  long  a  period.  Fictitious  Turkey  reds  are 
abundant  enough  in  the  market,  being  principally  obtained  from 
barwood  as  a  colouring  matter ;  and  though  they  approach  the  hue 
of  the  genuine  colour  very  closely,  they  are  quite  unable  to  resist 
the  wear  and  washing  which  Turkey  red  suffers  without  deteriora¬ 
tion  almost  as  long  as  the  fabric  upon  which  it  is  dyed  endures.  A 
fact  which  does  not  seem  to  say  much  for  the  economy  of  British 
processes  of  Turkey  red  dyeing,  but  which  is,  nevertheless,  recon- 
cileable  with  the  dyers  making  a  heavy  profit  out  of  it,  is  that,  large 
quantities  of  yarn  are  bought  in  Manchester,  sent  over  to  the  Nether¬ 
lands,  there  dyed  Turkey  red,  and  sold  again  in  the  Manchester 
market  in  competition  with  home-dyed  yarn. 
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In  actual  cotton-piece  dyeing  there  are  but  few  exhibitors,  and 
they  cannot  be  considered  as  satisfactorily  representative  of  this 
industry  in  England.  Messrs.  Barlow  &  Company  (4300)  show 
some  samples,  in  which  the  finish  is  particularly  worthy  of  observa¬ 
tion.  Dewhurst  &  Company  (4312)  exhibit  also  dyed  and  embossed 
cotton  goods  for  bookbinders,  which  deserve  commendation. 

When  we  pass  from  cottons  to  the  consideration  of  woollens  and 
silks,  as  dyed  or  printed  products,  we  feel  and  know  that  we  have 
left  that  industry  in  which  these  islands  have  been  most  successful, 
and  that  we  are  entering  upon  regions  where  the  foreigner  success¬ 
fully  competes  with  us  for  excellence  and  finish;  we  lose  our  vantage 
ground,  and  have  to  contend  without  any  natural  advantages,  and 
frequently  upon  somewhat  unequal  terms,  with  the  continental 
manufacturer. 

But  before  leaving  this  department,  may  we  draw  attention  to 
some  improvements  in  calico  printing  which,  though  not  visible  on 
the  finished  pieces,  have  been  of  the  primest  importance  in  pro¬ 
ducing  the  results  attained. 

In  machinery  connected  with  these  arts  the  Exhibition  is  as 
nearly  as  may  be  a  blank.  In  the  Western  Annexe,  No.  1649, 
Messrs.  Lockett,  Sons,  &  Leake  exhibit  a  pentegraph  engraving 
machine,  and  in  the  South-east  Gallery,  No.  4322,  the  same  firm 
exhibit  engraved  rollers  used  in  calico  printing,  and  patterns  of  the 
printing  obtained  from  them.  This  firm  is  well  known  as  occupy¬ 
ing  perhaps  the  very  highest  place  in  the  trade ;  but  their  compe¬ 
titors  in  business  have  not  given  us  any  means  here  to  estimate  their 
relative  positions.  Still  less  chance  have  we  of  saying  anything  of 
washing  machines,  printing  machines,  finishing  machinery,  or  any 
other  machinery  connected  directly  with  printing  or  dyeing ;  for 
neither  the  Catalogue  nor  our  own  observation  pointed  out  to  us  a 
single  contribution  in  these  departments.  There  has  not  been  any 
very  conspicuous  improvements  in  machinery  applied  to  printing 
and  dyeing  within  these  few  years,  although  many  valuable  improve¬ 
ments  have  been  made.  The  use  of  hydro-extractors  of  various 
forms  of  construction  have  become  more  general  both  among  printers 
and  dyers,  and  especially  for  muslins,  which  are  too  slight  for  the 
old  squeezers,  and  velveteens  and  fustians,  which  are  much  too 
heavy  for  them.  In  washing  machinery  considerable  advances  have 
been  made,  and  though  probably  no  device  will  give  so  thorough 
washing  as  the  old  fashioned  dash-wheel,  its  slowness  and  immense 
consumption  of  water  have  put  it  at  one  side,  only  to  be  used  in  a 
very  few  cases  in  printing. 

As  to  the  printing  machine  itself,  it  remains  much  the  same  as 
it  was  ten  years  ago,  except  that  it  has  grown  bigger.  A  twelve- 
colour  machine  was  then  considered  a  monster;  but  Messrs.  Kershaw, 
Leese,  &  Company  had  a  sixteen-colour  machine  constructed  about 
1854,  and  since  that  time  several  others  have  been  made  in  Man¬ 
chester  and  Glasgow,  and  are  in  use  both  in  this  country  and  in 
America.  At  least  one  twenty-colour  machine  has  also  been  con¬ 
structed  for  paper  printing,  but  it  is  believed  that  up  to  this  time  no 
more  than  sixteen  colours  have  been  used  in  calico  or  fabric  print¬ 
ing  ;  but,  as  is  well  known  in  the  trade,  by  the  device  of  using  what 
is  called  “  a  gum  roller”— worked  with  oxalate  of  soda  or  some 
similar  salt,  which  acts  as  a  half-resist  or  discharge — as  many  as 
twenty  shades  of  colour  can  be  readily  managed  with  the  sixteen- 
colour  machine.  It  is  doubtful  whether  the  effect  of  so  great  a 
number  of  shades  is  worth  the  expense  of  producing  it.  However, 
they  are  produced,  and  the  machine  can  do  it,  but  the  time  taken 
up  in  setting  the  rollers  is  something  considerable ;  a  day  or  a  day 
and  a  half  is  scarcely  too  much  time  to  allow  two  men  and  a  youth 
to  set  sixteen  rollers,  in  which  time  a  three  or  four  colour  machine 
is  set  and  has  printed  three  or  four  hundred  pieces,  while  the  orders 
for  the  sixteen-colour  machine  are  scarcely  so  heavy  as  for  those  of 
lesser  numbers,  requiring  frequent  changing. 

The  suggestion  of  using  an  independent  engine  for  each  printing 


machine  has  not  been  much  carried  out  in  this  country.  Such 
examples  as  we  have  seen  working  seemed  to  go  very  smoothly, 
and  to  be  very  much  under  control.  For  the  larger  machines  there 
seems  to  be  little  question  that  an  independent  engine  is  an  advan¬ 
tage  ;  for  single  colour  or  two-colour  machines  the  advantage  is  not 
so  clear.  The  general  adaptation  of  a  friction-starting  apparatus  to 
the  larger  machines  has  obtained  for  them  several  of  the  beneficial 
effects  promised  by  the  use  of  separate  engines.  In  some  of  the 
large  print  works  in  Massachusetts  each  machine  has  a  separate 
engine,  and  the  printers  are  generally  loud  in  their  praise  of  the  ease 
and  facility  with  which  they  are  managed,  and  the  absence  of  those 
accidents  which  from  time  to  time  startle  the  printing  shop  ;  for,  as 
they  say,  in  setting  rollers,  cleaning,  &c.,  they  just  put  as  much 
steam  on  as  turns  the  machine,  and  a  finger  or  an  arm  caught  stops 
the  engine,  without  any  great  hurt ;  while  in  shafting,  of  course, 
the  whole  strength  of  the  prime  mover  is  exerted  to  overcome  the 
obstacle.  The  unpleasant  jerking  which  takes  place  under  ordinary 
circumstances  when  one  or  two  machines  are  thrown  out  of  gear, 
and  the  main  engine  suddenly  relieved  of  three  or  four  horse  work, 
is  also  absent.  The  choice  between  shafting  and  separate  engines 
will  mostly  be  determined  by  the  nature  of  the  works.  If  straggling 
and  irregular,  independent  engines  will  be  probably  as  cheap  as 
shafting ;  if  well  arranged,  and  the  machines  under  one  roof,  it  will 
need  some  considerable  advantage  in  application  to  cause  shafting 
to  give  way  to  a  steam  chest  and  separate  engines. 

Much  attention  has  been  devoted  to  obtaining  copper  shells  or 
rollers  of  a  reduced  thickness  to  print  from.  Copper  rollers  weigh 
from  80  to  120  lbs. ;  some  large  concerns  keep  as  many  as  5000 
rollers  in  stock,  and  the  amount  of  capital  in  bare  metal  thus  locked 
up  is  easily  calculated,  and  the  cause  of  the  exertions  made  to  reduce 
the  weight  of  this  costly  metal  will  be  easily  understood.  A  new 
roller  is  about  three-fourths  of  an  inch  thick  in  metal ;  the  engrav¬ 
ing  seldom  reaches  to  the  depth  of  1-1 6th  of  an  inch,  the  remainder 
of  the  metal  is  therefore  only  a  bed  to  support  the  small  depth  of 
surface  actually  concerned  in  the  engraved  design ;  the  question  with 
the  printers  has  been — Can  we  not  have  a  copper  surface  and  an 
iron  bed,  or  a  thinner  shell  or  roller  with  a  well-fitting  iron  man¬ 
dril  to  support  it?  This  question  has  proved  itself  of  a  more  diffi¬ 
cult  nature  than  was  imagined,  and  much  money  has  been  expended 
upon  this  point  without  producing  any  generally  satisfactory  solution. 
It  would  be  tedious  to  recount  all  the  causes  of  failure,  so  numerous 
as  they  are,  and  so  intimately  connected  with  the  necessities  of 
printing,  known  only  to  practical  printers,  but  the  chief  have  been 
as  follows : — A  sheet  of  copper  cannot  be  soldered  well  enough,  the 
joint  gives  way  under  the  pressure  of  the  bowl  of  the  printing 
machine,  or  the  chemicals  of  the  colours  corrode  the  metals  at  the 
juncture.  If  the  shell  be  thin  and  fitted  on  an  iron  mandril  without 
soldering,  the  softness  of  the  copper  or  the  pressure  of  the  bowl 
causes  an  expansion,  and  the  shell  becomes  elliptical  and  useless. 
If  the  shell  be  secured  by  solder  on  the  iron  mandril,  it  is  evident 
there  must  be  as  many  mandrils  as  rollers.  This  plan  is  possible 
and  applied,  but  it  is  little  liked  on  account  of  the  weight  and  clum¬ 
siness  of  the  rollers  and  mandrils.  The  thinner  the  shells,  the  more 
liable  to  injury ;  if  they  are  not  well  on  the  mandrils,  they  are  soon 
spoiled;  if  forced  well  on,  the  great  difficulty  is  to  get  them  off 
again,  for  something  very  like  molecular  contact  ot  the  shell  and 
mandril  takes  place,  and  it  requires  immense  force  to  separate  them, 
and  it  is  difficult  to  avoid  bending  and  contorting  the  shell.  The 
idea  of  depositing  copper  on  iron  rollers  by  electricity  has  been  well 
tried  and  given  up,  and  the  only  reasonable  hopes  of  success  appear 
to  consist  in  some  improved  mandril  or  cone,  which  shall  efficiently 
support  the  copper  shell,  and  be  easily  removed  when  required. 

The  copper  rollers  are  all  engraved  in  intaglio ;  the  efforts  which 
have  been  made  to  produce  engravings  on  relief  to  print  from,  though 
highly  ingenious,  have  not  met  with  any  solid  success — the  surface 
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rollers  wliicli  are  used  in  calico  printing  being  yet  almost  exclusively 
made  from  wood  or  stereotype  casts. 

Here  we  may  refer  to  the  singular  and  unexpected  revival  of  block 
printing,  which  the  whole  trade  experienced  in  1857,  1858,  and 
1859.  There  suddenly  arose  a  demand  for  combinations  of  colours, 
which  could  not  by  any  means  known  be  produced  at  one  operation. 
One  colour,  for  example,  was  a  madder  colour  as  purple ;  another 
a  colour  of  the  buff  species,  to  be  raised  in  lime  or  soda,  or  perhaps 
a  steam  colour.  The  madder  colour  was  applied,  first  by  machine 
and  dyed,  then  the  buff  colour  had  to  fall  into  certain  positions  with 
relation  to  the  purple,  but  this  was  out  of  the  power  of  the  machine 
as  at  present  constructed  to  accomplish.  Block  printers  who  had 
touched  no  block  for  ten  or  twenty  years  were  sought  for  far  and 
near ;  they  were  taken  from  every  occupation  on  which  they  had 
sought  for  a  refuge  and  a  living ;  and  everywhere  from  early  to  late 
and  through  the  whole  night  long,  men  and  children  worked  away 
at  this  the  most  primitive  method  of  printing  calicoes. 

In  hanging  stoves  there  has  been  a  gradual  change  from  the  low 
miserable  stalls  to  lofty,  airy  buildings ;  and  some  ingenious  travel¬ 
ling  hanging  machines  have  been  introduced  to  supersede  manual 
labour  in  suspending  the  pieces.  Further  changes  tend  to  do  away 
with  the  use  of  hanging  rooms  altogether.  These  are  alluded  to 
further  on,  in  speaking  of  new  or  modified  processes. 

In  madder  and  garancine  dyeing,  the  use  of  cast-iron  as  a  material 
for  the  becks  or  backs  has  become  nearly  universal ;  the  prejudices 
which  were  entertained  against  it  have  gradually  given  way,  and  the 
use  of  wood  for  this  purpose  is  now  nearly  obsolete.  Several  minor 
contrivances  for  regulating  the  running  of  the  pieces,  stopping  the 
knots,  and  reducing  the  volume  of  water  necessary  for  dyeing,  have 
been  introduced  with  more  or  less  success. 

There  has  been  much  and  substantial  improvement  on  the  chemi¬ 
cal  processes  used  in  calico  printing  since  the  Hyde  Park  Exhibition, 
but  they  are  not  of  a  character  to  be  discovered  from  the  finished 
article,  excepting  in  some  few  cases  where  an  expert  eye  might 
detect  the  cause  of  differences.  In  some  cases  where  these  differ¬ 
ences  exist,  the  specimens  are  not  exhibited  as  characteristic  of 
such,  so  that  we  shall  be  frequently  unable  to  refer  to  illustrations 
of  our  matter.  This  arises  from  the  Exhibition  partaking  very  little 
of  an  educational  nature,  preferring  results  to  processes,  and  manu¬ 
factures  to  materials.  In  the  commencement  every  piece  of  calico 
which  has  to  be  dyed  or  printed  of  a  good  colour  must  be  bleached, 
and  we  have  to  draw  attention  to  the  specimens  exhibited  by  Messrs. 
Barlow  &  Company  (4300),  who  are  the  only  exhibitors  of  bleached 
cotton  goods.  The  process  illustrated  here,  and  compared  with 
other  processes,  is  the  subject  of  a  patent,  the  point  of  which  is, 
carrying  on  certain  operations  of  boiling  at  a  high  pressure  and 
temperature,  which  are  usually  performed  at  comparatively  low 
pressures,  and  also  by  peculiar  methods  of  causing  a  circulation  of 
the  bleaching  fluids.  The  patentee  claims  that  he  bleaches  the 
cloth  more  quickly,  more  cheaply,  and  more  effectively  than  it  can 
be  done  by  the  old  method,  and  produces  specimens  and  certificates 
in  proof  of  his  statements,  which  seem  to  bear  them  out.  Having 
seen  the  process  in  practical  operation,  we  have  no  hesitation  in 
admitting  it  as  a  step  in  advance,  perhaps  not  a  very  considerable 
step,  but  nevertheless  it  goes  forward,  and  is  likely  to  be  generally 
adopted.  The  specimens  showing  the  tinged  white  of  the  pieces 
which  have  passed  through  a  madder  bath,  are  highly  important  to 
all  who  work  madder  styles ;  for  the  whites  must  be  cleared  from 
the  tinge,  as  any  neglect  in  the  bleaching  involves  time  and  expense 
in  the  clearing,  besides  injury  to  the  real  colour  of  the  design.  The 
ordinary  course  of  bleaching  has  not  undergone  any  change  of 
importance,  though  there  seems  to  have  been  a  gradually  increasing 
tendency  to  employ  higher  pressure  on  the  kiers ;  at  first  the  kiers 
were  worked  open,  afterwards  closed  with  lids,  and  a  small  vent 
for  escape  of  steam.  This  vent  was  afterwards  loaded,  and  eventu¬ 


ally  converted  into  a  valve  to  regulate  the  pressure,  and  the  lid 
secured  with  clamps ;  and  at  this  time,  and  with  kiers  which  were 
by  no  means  constructed  purposely  for  high  pressures,  it  is  common 
to  work  at  from  eight  to  sixteen  pounds  pressure  per  square  inch. 
In  souring  the  pieces  after  liming,  and  also  after  the  bleaching 
powder  or  chloride  of  lime  treatment,  sulphuric  acid  has  in  a  great 
measure  given  way  to  muriatic  acid,  not  so  much  that  the  sulphate 
of  lime  had  a  tendency  to  adhere  to  the  cloth,  but  more  because 
the  sulphuric  acid  acted  but  slowly,  and  hence,  for  the  time  allowed, 
but  imperfectly,  upon  the  lime  particles ;  the  muriatic  acid  producing 
at  once  the  highly  soluble  chloride  of  calcium  has  been  found  more 
regular  and  manageable.  In  many  bleach  works  sulphuric  acid  is 
used  after  the  liming,  and  muriatic  acid  after  the  chemic  or  chloride 
of  lime. 

The  next  stage  on  which  we  have  to  report  a  change  and  an 
improvement,  is  in  the  “ageing”  of  printed  goods.  It  is  well  known 
that  after  applying  the  mordant,  and  before  the  cleansing  and  dyeing, 
the  printed  calicoes  must  rest  some  time  exposed  to  air  and  mois¬ 
ture.  This  operation,  which  is  practically  shown  to  be  necessary, 
is  explained  upon  the  assumption  that  during  this  time  the  fibre 
and  mordant  are  completing  their  union,  and  the  oxidizable  elements 
are  receiving  oxygen,  while  the  volatile  elements  are  being  removed 
by  the  air.  This  exposure  was,  and  is,  significantly  called  “  ageing,” 
and  occupied  for  the  lighter  styles  of  work  about  three  days  and 
nights,  and  for  the  darker  styles  from  six  to  eight  days  and  nights ; 
the  pieces  were  required  to  be  hung  up  loosely,  so  as  to  allow  a 
free  circulation  of  air,  and  the  space  thus  occupied  was  very  con¬ 
siderable.  Of  late  years  some  of  the  leading  firms  have  erected 
immense  lofty  buildings  for  this  purpose,  and  in  all  cases  the  labour 
of  hanging  up  and  taking  down  the  printed  pieces  and  the  numer¬ 
ous  tears,  dirt,  and  accidents  they  were  thus  subjected  to,  has  been 
an  unpleasant  item  of  expense  and  trouble  in  the  trade  But  within 
the  last  few  years,  very  successful  attempts  have  been  made  to  abridge 
or  abolish  the  time  of  ageing.  There  has  been  some  difference  of 
opinion  as  to  who  may  claim  the  credit  of  this  introduction.  Mr. 
John  Thom,  of  Birkacre,  has  an  undoubted  priority  of  description 
or  suggestion  of  the  method,  for  in  his  patent,  dated  May  15,  1849, 
he  claims  for  his  arrangement,  well  known  and  employed  as  a  sul¬ 
phuring  machine,  that  it  can  be  applied  for  “  the  ageing  of  goods 
by  moving  them  or  passing  them  through  a  chamber  containing 
aqueous  vapour.”  But  it  does  not  appear  that  Mr.  Thom  was  in  a 
favourable  position  to  carry  this  idea  into  practice,  although  we 
know  many  trials  were  made  with  it  about  the  date  of  his  patent. 
It  was  Mr.  Walter  Crum,  of  Thornlie  Bank,  who  reintroduced  and 
successfully  applied  the  idea  some  four  or  five  years  ago,  and  instead 
of  hanging  up  the  pieces  for  a  length  of  time,  passed  them  through 
a  close  chamber  heated  to  80°  or  90°  F. ;  the  air  contained  being 
saturated  with  moisture  by  means  of  a  small  jet  of  steam.  The 
cloth  and  mordants  absorbed  the  moisture  readily,  and  then  being 
loosely  folded  up  and  laid  at  one  side  for  a  few  hours,  were  found 
to  be  as  well  prepared  for  the  subsequent  processes  as  if  they  had 
been  hanging  two  or  three  days  in  the  ageing  room.  Long  before 
the  date  of  Thom’s  patent,  hints  and  processes  are  to  be  found  in 
various  quarters  about  hastening  the  ageing  by  heat  and  steam ; 
but  it  seems  to  us  that  the  idea  of  drawing  the  goods  through, 
instead  of  hanging  them  up  in  the  ageing  chambers,  is  entirely  due 
to  Mr.  Thom.  To  Mr.  Walter  Crum  is  due  the  practical  applica¬ 
tion  and  the  discernment  of  the  temperature  and  degree  of  saturation 
of  the  air  best  suited  for  the  purpose.  In  Thom’s  patent  mention 
is  made  of  water  at  a  temperature  of  180°  F.,  as  being  the  heating 
and  saturating  agent,  but  this  was  not  well  suited  for  the  purpose, 
and  the  trials  were  not  successful ;  whence  the  idea  remained  so 
long  dormant,  until  revived  in  a  slightly  modified  form  by  Mr.  Crum. 
All  light  madder  work  is  satisfactorily  aged  by  this  process.  Dark 
garancine  work  cannot  be  so  safely  trusted  to  it ;  in  dark  catechu 
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browns  it  is  still  further  inapplicable,  so  that  the  printers  have  not 
yet  abolished  their  hanging  rooms  in  favour  of  the  quick  ageing 
apparatus ;  but  it  has  proved  a  relief  in  busy  times :  very  much  of 
the  printed  work  in  the  Exhibition  has  been  aged  in  this  kind  of 
apparatus. 

In  the  dunging  or  cleansing  process  which  immediately  follows 
the  ageing,  the  object  of  which  is  to  remove  all  superfluous  mordant 
and  thickening  matter  from  the  cloth,  a  further  progress  has  been 
made  in  using  substitutes  for  cow  dung,  and  the  uses  of  this  excre- 
mentitious  matter  are  becoming  daily  smaller  and  smaller,  to  the 
great  relief  of  the  printer,  to  whom  the  provision  of  a  sufficient  sup¬ 
ply  of  the  commodity  was  at  times  a  real  source  of  anxiety.  The 
substitute  in  most  general  use  is  the  arseniate  of  soda,  which  is 
required  to  be  produced  of  a  very  neutral  character;  if  at  all  acid 
it  acts  upon  the  iron  mordants ;  if  alkaline,  it  attacks  the  alumina 
mordants ;  it  is,  however,  preferred  slightly  alkaline,  because  free 
acids  and  acid  salts  are  contained  in  the  printed  goods,  and  besides 
that,  it  is  usually  mixed  with  ground  chalk  by  the  printer  himself. 
Many  of  the  liquid  dung  substitutes  are  of  very  irregular  composi¬ 
tion  ;  some  of  them  contain  arsenite  and  hardly  any  arseniate,  and 
some  of  them  are  mixtures  of  arsenite  and  arseniate  in  varying  pro¬ 
portions.  Pure  arsenite  of  soda  has,  however,  been  proved  to  be 
inferior  to  the  arseniate,  especially  with  alumina  mordants.  The 
silicate  of  soda  is  also  employed  as  a  dung  substitute,  and  so  also  is 
a  mixed  phosphate  of  soda  and  lime,  obtained  by  dissolving  ground 
bones  in  acid  and  precipitating  with  carbonate  of  soda.  The  great 
bulk  of  the  madder  and  garancine  styles  in  the  present  Exhibition 
have  been  produced  without  the  use  of  cow  dung.  In  Mr.  Rumney’s 
case  in  the  Eastern  Annex  (592)  there  are  samples  of  the  silicate 
of  soda  used  as  a  dung  substitute. 

Passing  on  to  the  dyeing,  we  find  nothing  which  need  detain  our 
attention  except  one  or  two  new  forms  of  madder  preparations  which 
have  been  put  into  the  trade,  and  notable  among  these  we  find  the 
commercial  alizarine  of  Messrs.  Pincoffs  &  Company,  None  of  the 
finished  work  in  Class  23  is  exhibited  as  being  produced  from  this 
material,  and  the  visitor  can  only  take  the  small  specimens  shown 
by  the  manufacturers  in  Class  2  (582)  as  illustrations  of  what  it 
can  yield.  We  have  seen  the  application  and  results  of  this  sub¬ 
stance  upon  the  large  scale,  and  think  we  know  both  its  excellences 
and  its  defects.  It  yields  the  purest  purple  of  the  madder  class, 
it  stains  the  whites  less  than  any  other  preparation  of  its  kind,  and 
works  kindly  with  other  colouring  matters.  It  is  consequently  well 
adapted  for  several  styles  of  work,  and  has  been  used  to  a  very  great 
extent  by  some  houses  in  the  trade,  to  the  perfect  exclusion  of  madder 
in  fact.  According  to  a  statement  made  at  the  last  meeting  of  the 
British  Association  in  Manchester,  no  less  than  three  millions  of 
pieces  have  been  dyed  with  this  colouring  matter  since  its  intro¬ 
duction  in  1853.  But  it  cannot  replace  madder  in  the  highest  class 
of  madder  work;  it  will  not  dye  a  good  pink,  neither  will  any  ordinary 
quantity  of  it  make  a  good  black.  The  class  of  work  in  which 
commercial  alizarine  is  employed  is  only  second  class,  the  blacks  are 
mostly  logwood  blacks,  and  though  the  purple  seems  to  be  quite  as 
good  and  as  fast  as  madder,  the  blacks  must  fade  in  a  short  time 
and  injure  the  appearance  of  the  design. 

Commercial  alizarine  is  prepared  from  madder,  as  described  in 
another  part  of  this  Record,  and  is  up  to  the  present  time  the  most 
concentrated  form  in  which  this  tinctorial  root  is  employed  in  the 
trade ;  the  best  qualities  being  four  times  stronger  than  prepared 
madder  roots. 

Other  houses  than  Messrs.  Pincoffs  produce  a  preparation  of 
commercial  alizarine,  which,  however,  in  most  cases  is  little  else 
than  a  good  quality  of  garancine  which,  by  containing  a  larger  quan¬ 
tity  of  lime  in  some  form  or  other,  is  better  adapted  for  purple 
dyeing.  Mr.  Ed.  Mucklow  of  Bury,  and  Mr.  James  Higgins  of 
Manchester,  among  others,  produce  this  article. 


Garancine  and  garanceux  remain  nearly  as  they  were  ten  years 
ago ;  their  applications  are  now  well  understood,  and  most  calico 
printers  are  successful  in  producing  very  good,  if  not  the  highest 
class  of  dark  garancine  work. 

Flowers  of  madder  are  a  preparation  obtained  by  washing  out  the 
saccharine  and  dun-coloured  parts  of  madder,  by  which  its  weight 
is  reduced  one  half  without  loss  of  tinctorial  power.  Its  employ¬ 
ment — never  very  considerable — has  greatly  fallen  off  since  the 
introduction  of  the  commercial  alizarine,  to  which  it  bore  consider¬ 
able  resemblance  in  several  of  its  properties. 

Before  passing  away  from  cotton,  and  considering  a  few  other  new 
colouring  matters  which  have  been  more  employed  on  woollen  or 
mixed  fabrics,  we  wish  to  draw  attention  to  a  case  of  printed  goods 
exhibited  by  the  Cotton  Supply  Association  in  the  North-east  Gallery, 
for  the  purpose  of  showing  that  East  Indian  cotton  receives  all  the 
usual  dyes  and  colours  in  a  very  satisfactory  manner.  The  case 
would  have  been  more  instructive  and  complete  if  the  Cotton  Supply 
Association  had  been  able  to  place  side  by  side  prints  from  American 
cotton  for  comparison  ;  for,  as  all  in  the  trade  know,  nothing  can  be 
predicated  of  comparative  shades  of  colour  without  the  actual  objects 
in  view.  Bearing  upon  the  same  point,  but  upon  a  laboratory  scale, 
are  some  specimens  in  the  Swiss  department  in  the  North-west 
Court  (364)  by  A.  Hiinerwadel.  There  are  several  samples  of 
Turkey  red  colours  dyed  by  the  same  methods  upon  cloth  manu¬ 
factured  from  American,  Egyptian,  and  East  Indian  cotton.  The 
American  cotton  shows  decidedly  the  best  shades,  the  East  Indian 
is  but  slightly  inferior,  while  the  Egyptian  is  decidedly  poor.  If 
these  results  be  strictly  correct  it  will  be  advisable  for  the  printers 
to  keep  their  eyes  upon  the  expected  large  arrivals  of  Egyptian 
staple,  and  in  the  case  of  inferior  colours  be  prepared  to  investigate 
how  far  the  fabric  itself  is  in  fault. 

In  woollen  and  delaine  printing  there  is  some  very  creditable  work 
in  the  English  department.  Messrs.  Hoyle  &  Sons  (4319)  show 
excellent  light  delaines,  the  Calder  Yale  Company  (4309)  show 
silk  foulards  printed  by  machine,  concerning  which  we  are  not  able 
to  say  much,  but  their  delaines  are  better.  Messrs.  Butterworth 
&  Brookes  (308)  exhibit  very  good  delaine  work,  and  draw  special 
attention  to  some  new  and  pleasant  shades  of  colour,  modifica¬ 
tions  of  aniline  products.  These  are  opaline,  so  named,  we  believe, 
by  the  firm  on  account  of  a  supposed  resemblance  to  the  hue  of  a 
blue  opal;  it  is  a  greyish  blue,  reminding  one  of  China  blue,  but  much 
brighter  and  more  beautiful.  Specimens  of  the  colouring  matter 
itself  are  to  be  found  in  Mr.  Rumney’s  case  in  the  Eastern  Annex, 
furnished  by  Mr.  James  Laing,  who  is  the  importer  and  agent  of  it 
in  this  country.  The  other  shade,  not  very  distinct,  is  called  ameline, 
but  the  etymology  of  the  term  is  not  known  to  us.  These  two 
colouring  matters  are  of  continental  origin,  supposed  to  be  made 
from  aniline,  or  carbolic  acid,  but  the  process  of  manufacture  is  kept 
secret.  Littlewood,  Wilson,  &  Company  show  very  fair  delaines 
and  printed  velvets.  We  presume  that  the  aniline  colours  in  this 
case  may  be  taken  as  illustrating  the  success  of  the  tartrate  of  anti¬ 
mony  and  tannin  process  of  fixing,  patented  by  Lloyd  &  Dale ;  but 
there  is  no  intimation  whether  this  is  the  case  or  not.  The  woollen 
printing  on  the  English  side  is  confined  to  heavy  goods,  as  table¬ 
cloths  and  feltings ;  the  specimens  exhibited  by  Cornelius  Turner, 
and  Wilkinson  &  Company,  need  only  to  be  referred  to  as  examples 
of  this  class.  T.  Welch  (4348)  shows  the  best  illustrations  we 
have  seen.  The  printing  of  merinoes  and  the  finer  class  of  woollen 
goods  seems  to  be  entirely  in  the  hands  of  the  French,  for  we  have 
not  an  example  on  our  side.  In  woollen  piece  and  yarn  dyeing 
the  specimens  are  only  of  ordinary  interest.  Smith  &  Company, 
Bradford  (4338),  exhibit  a  good  collection  of  damask  table-cloths, 
alpaca  lustres,  and  Bradford  goods  generally.  J.  Botterill,  Leeds 
(4306),  has  also  an  interesting  collection  of  dyed  colours  on  wool 
and  silk.  In  silk  we  have  some  first-class  block  printing  from 
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Keymer  &  Company  (4320).  Messrs.  Wallford,  Fairer,  &  Harrison 
exhibit  also  some  very  fair  silk  printing.  J.  Oxford  &  Company 
(4331)  have  also  some  excellent  work.  R.  E.  Hine  &  Company, 
Manchester,  also  show  good  printed  silks ;  we  notice  here  that  they 
are  not  much  indebted  to  the  new  aniline  colours  for  their  results. 
In  silk  we  have  some  excellent  illustrations  in  skein  dyeing. 
Messrs.  Richardson  of  Coventry  (4334)  exhibit  a  large  collection 
of  shades,  chiefly  from  aniline  colours  alone,  and  combined  with 
other  tinctorial  matters.  Messrs.  Hands,  Son,  &  Company,  also  of 
Coventry,  have  also  some  good  colours,  especially  cinnamon  and 
purple  shades.  In  3678  Messrs.  Kesselmeyer  &  Mellodew  exhibit 
black  union  silk  velvets,  but  not  as  specimens  of  dyeing,  and  we 
regret  not  to  see  any  samples  of  this  mixed  material  so  exhibited, 
knowing  that  some  of  our  dyers  excel  in  this  kind  of  work. 

Our  great  competitors  in  printing  and  dyeing  are  the  French,  and 
however  much  we  may  dislike  to  admit  a  superiority  in  the  foreigner, 
there  is  no  Englishman  able  to  appreciate  excellence  in  these  arts 
who  can  look  upon  their  exhibited  products  and  not  confess  that  he 
stands  in  the  presence  of  his  masters.  We  may  flatter  ourselves 
that  we  could  do  as  good  things  as  they  do  if  we  wanted,  or  if  they 
were  ordered  from  us;  that  they  do  but  satisfy  their  market,  as  we 
satisfy  ours,  and  that  it  is  a  mere  matter  of  paying  for  quality,  and  we 
will  furnish  it.  Undoubtedly  there  is  some  truth  in  this.  Particular 
styles  of  work  settle  down  in  special  spots  in  the  most  curious  ways. 
There  is  hardly  a  calico  print-work  in  England  outside  of  a  small 
circle  including  parts  of  Lancashire,  Cheshire,  and  Derbyshire.  All 
the  silk  printing  in  England  is  found  close  about  the  Thames,  and  it 
is  very  rare  to  find  any  silk  printed  in  Lancashire.  Muslins  in 
general  have  gone  north  of  the  Tweed ;  why  they  should  not  flourish 
in  Lancashire  does  not  appear,  but  they  do  not.  In  like  manner 
the  fine  wool  printing  and  finest  muslin  printing  has  settled  in  France; 
they  have  cultivated  it  and  have  produced  magnificent  results,  and 
let  us  admit  at  any  rate  they  have  shown  themselves  equal  to  the 
demands  upon  them,  for  in  excellence  of  taste  and  in  execution  of 
the  highest  class  work  they  have  no  superiors.  In  middle  class 
good  useful  fast  colours  we  are  decidedly  superior  to  the  French,  for 
that  is  our  forte,  and  there  is  nothing  in  the  French  gallery  exactly 
comparable  to  the  cases  of  Hoyle  &  Sons,  MacNaughtan  &  Thom,  or 
Bradshaw,  Hammond,  &  Company,  no  more  than  on  our  side  we 
could  bring  anything  to  compare  with  the  show  of  Thierry,  Mieg,  & 
Company,  or  that  of  Hugueniu,  Schwartz,  &  Collineaux  (2216). 
The  show  case  of  picked  French  prints,  of  various  makers,  in  the 
South-west  Court  contains  work  the  like  of  which  we  could  no  more 
produce  at  this  moment,  than  we  could  build  up  the  solid  gold  of  the 
Australian  trophy ;  with  an  effort,  which  is  not  called  for,  we  could 
do  either. 

Gros,  Odier,  &  Company  (2211)  show  muslins,  diapers,  and  fine 
cambrics,  all  of  very  excellent  colours  and  good  printing.  Their 
dark  steam  calicoes  are  also  good.  Paraf,  Javal,  &  Company  have 
a  series  not  standing  so  high  for  cotton,  but  have  some  good  woollens 
with  extraordinary  designs.  In  this  case  attention  is  drawn  to  a 
“  fast  purple”  composed  of  “  alizarenate  of  iron  and  oxidized  ani¬ 
line,”  concerning  which  nothing  precise  has  yet  come  to  our  infor¬ 
mation.  Eck  (2213),  and  Steinbach,  Koechliu,  &  Company  (2214), 
have  good  steam  colours,  good  furnitures,  upon  one  sample  of  which 
in  the  latter  case  there  was  a  very  good  looking  red,  which  we  were 
not  able  satisfactorily  to  recognize.  The  garanciue  chocolates  of 
Steinbach  &  Company  are  also  good.  For  favourable  specimens  of 
the  best  printing  colours  and  design  on  furnitures,  shawls,  cach- 
meres,  &c.,  the  three  cases  of  Thierry,  Mieg,  &  Company ;  Huguenin 
&  Company ;  and  Koechlin  Brothers,  may  be  taken.  The  two 
former  are  almost  exclusively  block  work,  with  many  colours  and 
intricate  designs.  They  are  of  course  very  expensive  in  their  pro¬ 
duction,  the  fabric  being  mostly  wool.  Messrs.  Koechlin  Brothers, 
who  Z  'i  well  known  as  one  of  the  oldest  and  best  houses  in  Alsace, 


maintain  all  their  old  fame.  They  show  very  superior  woollen 
furnitures,  and  in  muslins  and  fine  cambrics  they  are  unsurpassed 
for  delicacy  of  colour  and  excellence  of  printing.  Nowhere  can  the 
visitor  better  see  the  inroad  which  the  aniline  colours  have  made  in 
the  extreme  fancy  style  of  printing,  than  on  the  case  of  Koechlin 
Freres.  There  is  hardly  a  piece  without  the  aniline  colours,  and 
there  is  scarcely  an  example  of  pure  madder  or  garancine  work  in 
the  whole  collection.  The  Messrs.  Koechlin  show  very  well  what 
can  be  done  with  the  aniline  colours,  and  the  visitor  may  turn  back 
to  the  case  of  Messrs.  M'Naughtan  &  Thom  in  the  English  depart¬ 
ment  to  see  what  can  be  done  without  the  aniline  colours  ;  for  in  the 
numerous  specimens  in  this  case  of  excellent  work,  we  did  not  notice 
a  single  spot  of  the  new  colours.  It  is  not  difficult  to  predict  which 
of  these  new  houses  will  adhere  longest  to  their  present  style  ;  and 
amidst  all  the  self-glorification  and  nonsense  which  has  been  indulged 
in  with  regard  to  the  aniline  products,  it  is  perhaps  not  amiss 
to  quote  an  extract  from  a  letter  which  we  have  received  from 
one  who  knows  perfectly  well  the  feelings  of  this  great  Alsatian 
house.  He  says — “  La  production  des  couleurs  d’aniline  diminue 
par  suite  du  manque  de  soliditd  de  ces  couleurs,  il  faudrait  mainten- 
ant  qu’on  puisse  arriver  a  appliquer  directement  et  pratiquement  la 
garance.” 

From  Darnetal  (Seine  Inf.),  Roubaix,  and  Rouen,  we  have  a  good 
many  illustrations  of  a  much  lower  class  of  work  than  that  which 
distinguishes  the  department  of  the  Higher  Rhine — lower  and  inferior 
in  fact  to  good  middling  Lancashire  prints  as  an  average,  intended, 
we  may  presume,  to  meet  the  means  of  a  similar  class  of  purchasers. 
Amongst  them,  but  not  calling  for  any  particular  notice,  we  find 
fair  and  good  qualities  of  madder  and  garancine,  dipped  indigo  blues, 
Turkey  reds,  with  discharged  designs,  and  the  usual  run  of  chrome 
oranges,  iron  buffs,  &c.  In  dyed  silk,  woollen,  and  light  goods,  the 
French  exhibitors  hold  the  same  place  as  in  printing  ;  very  high  in 
their  best  productions,  and  sinking  considerably  below  British  in 
their  middle  class.  We  have  two  or  three  examples  of  wool  dyed 
and  ground  for  fleck  papers.  Messrs.  Koechlin,  Dolfur,  &  Company 
(2263)  exhibit  a  good  collection,  and  have  arranged  an  imitation 
of  Chevreul’s  chromatic  circle  with  different  colours  of  ground  or 
cut  wool. 

With  reference  to  the  case  in  the  South-west  Court  alluded  to 
before,  and  which  may  be  called  the  trophy  of  the  French  printers, 
we  can  only  say  it  contains  the  most  magnificent  specimens  of  colours 
and  printing  which  we  have  ever  seen.  Messrs.  Guinon,  Mamas, 
&  Bonnet,  who  have  been  the  introducers  of  most  of  our  new  colour¬ 
ing  matters,  have  here  a  splendid  collection  of  dyed  silks.  Most  of 
the  first-class  printers  whom  we  have  particularized  in  the  gallery 
appear  here  again  with  choice  specimens  picked  out,  together  form¬ 
ing  an  unapproachable  collection  of  exquisite  beauty  ;  but  in  looking 
at  them  we  could  not  resist  the  impression  that  here  there  was 
something  like  a  determination  to  produce  an  effect  at  any  cost, 
and  that  some  at  least  of  the  specimens  were  expressly  got  up  for 
the  Exhibition.  But  whether  that  be  the  case  or  not  it  is  impossible 
to  refuse  praise  and  admiration  for  the  finished  productions,  which 
look  more  like  productions  of  fine  art  than  simple  industrial  processes. 
The  muslins  of  Gros,  Odier,  &  Company  come  under  the  suspicion  of 
too  much  preparation,  but  who  can  refuse  them  praise  ?  The  work  of 
Koechliu  Freres,  and  Dolfus,  Mieg,  &  Company,  have  a  really  genuine 
look  of  being  what  their  firms  regularly  produce.  Paraf,  Javal,  & 
Company’s  twelve-colour  prints  are  very  fine.  Eck’s  muslins  and 
shawls,  and  Thierry,  Mieg,  &  Company,  and  Huguenin  &  Company, 
are  here,  as  in  the  gallery,  conspicuous  for  the  highest  class  produc¬ 
tions  in  furnitures  and  light  fabrics. 

Next  in  importance  to  France  among  the  continental  exhibitors 
ranks  Austria,  or  rather  Bohemia,  for  it  is  from  that  portion  of  the 
Austrian  empire  exclusively  that  the  printed  specimens  are  sent. 
Although  we  were  aware  that  the  printing  establishments  in  Bohemia 
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were  conducted  with  skill  and  energy,  as  well  as  a  considerable 
share  of  inventive  talent,  since  we  owe  to  them  some  recent  pro¬ 
cesses  of  colouring,  we  were  not  prepared  to  find  in  this  collection 
some  of  the  very  finest  woollen  printing  in  the  Exhibition,  or  in 
the  whole  world.  In  the  North-west  Gallery  (968)  the  visitor  will 
find  printed  shawls  and  table-cloths  by  Liebieg  of  Reichenberg 
which,  as  specimens  of  heavy  woollen  printing,  we  have  never  seen 
equalled.  One  of  them  has  a  palatial  building  for  the  centre  piece, 
with  figures,  and  a  magnificent  ornamental  border.  Another  with 
the  legend  “  Wir  wollen  uns  liierrathen  ”  is  actually  a  work  of 
fine  art.  Again  the  same  exhibitor,  in  888,  has  specimens  of  won¬ 
derful  excellence ;  one  subject,  that  of  an  amateur  musical  party, 
has  its  original  amongst  the  oil  paintings  in  the  Fine  Art  Gallery, 
and  the  closeness  of  their  production  is  marvellous.  By  what  method 
of  printing  these  effects  have  been  obtained  we  do  not  know  ;  but 
if  nothing  but  ordinary  block  -  printing  has  been  employed,  the 
results  show  that  the  very  highest  manipulative  skill  in  ever}'  depart¬ 
ment  has  been  attained.  Messrs.  Heintschel  &  Company  (964) 
show  printed  shawls  and  fine  woollen  furniture  of  a  very  high  class, 
as  also  does  F.  Hiller  (965).  Blaschka  &  Company  (957)  have 
some  excellent  specimens  of  block-printing,  and  exhibit  also  good 
Turkey  red  yarns.  In  959  Dormitzer  &  Sons  exhibit  a  more 
humble,  but  a  more  useful  style  of  work,  in  calicoes  and  muslin  de 
laines.  This  collection,  which  is  unprotected  by  glass  from  dust  and 
vapours  (as  is  chiefly  the  case  in  the  Austrian  department),  is  very 
large  and  excellent,  but  contains  nothing  which  is  not  easily  equalled 
or  excelled  by  our  English  producers.  The  madder  styles  are  good, 
solid,  and  well  cleared  colours.  The  garancine  muslins  are  also 
good,  and  the  chrome  yellows  very  fair.  In  963  Goldberger  & 
Sons  exhibit  a  collection  of  cotton  printed  and  dyed  goods  of  fair 
quality.  There  is  here  a  good  number  of  indigo  dyed  pieces  of 
col  ton,  which  are  of  a  good  and  deep  shade,  provided  they  have  not 
been  topped  with  logwood,  and  they  do  not  appear  to  have  been  so 
treated.  The  dark  steam  work  shown  in  this  collection  is  also  of 
commendable  goodness.  In  973  Schmitt  shows  some  excellent 
woollen  printing.  In  the  printed  woollens  of  the  Austrian  depart¬ 
ment,  compared  with  those  of  France,  we  find  a  distinct,  one  might 
almost  say  a  national  difference.  The  French  are  light,  airy,  and 
elegant,  in  most  excellent  taste  generally,  but  in  their  very  boldness 
always  touching  upon  the  verge  of  eccentricity.  The  Austrian 
woollens  are  all  printed  in  solid,  deep,  warm  shades  of  colour,  the 
grounds  being  well  covered,  the  whole  being  sober  and  satisfactory 
without  producing  or  aiming  at  startling  effects.  In  the  samples 
exhibited  by  Frohlichs  &  Son  (960),  amongst  other  things  we 
notice  some  pigment  printing  in  blue,  green,  and  white  upon  self- 
coloured  grounds,  which  has  the  appearance  of  an  oil  colour,  and 
standing  in  considerable  relief  produces  the  effect  of  a  woven  design. 
The  madder  goods  in  this  lot  are  defective  in  the  whites.  In  970 
V.  Mayer  &  Sons  show  very  good  delaine  printing. 

Prussia  and  the  Zollverein  do  not  stand  out  strongly  as  exhibitors 
of  dyed  and  printed  goods,  and  in  fact  these  industries  are  not 
carried  out  to  any  considerable  extent  in  these  territories.  There 
is  but  a  single  exhibitor  of  printed  calicoes  in  the  South-west 
Transept  Gallery,  and  he  shows  nothing  worth  noticing.  In  Turkey 
red  yarns  there  are  two  or  three  exhibitors,  but  this  seems  to  be  an 
exotic  art  hardly  yet  acclimatized,  for  in  1729  Rittershaus  shows 
samples  of  yarns,  in  which  we  presume  he  considers  he  has  done 
something  worthy  of  notice,  for  he  draws  attention  to  the  fact  that 
he  has  used  200  pounds  of  French  garancine  to  600  pounds  of 
English  yarn.  Bergmann  &  Company  (1723)  exhibit  a  valuable  and 
interesting  collection  of  shades  of  dyed  Berlin  wool.  We  counted 
1248  distinct  shades  very  well  graduated.  The  printed  silk  textures 
of  Gressard  &  Company  (1547)  show  some  good  work  also,  with 
much  that  is  indifferent.  The  printed  silks  of  Seyffarrdt  &  Company 
are  better.  The  dyed  silks  and  velvets  of  Newhaus  (1543  and 


1728)  stand  comparison  with  others  tolerably  well,  but  have  no 
novelty  to  recommend  a  more  special  notice.  In  the  case  1543 
the  arrangement  of  the  coloured  velvets  is  highly  effective.  Saxony 
sends  a  few  printed  woollens  and  Turkey  red  yarus,  but  no  printed 
calicoes.  The  shawls  and  table  covers  of  W.  Winter  (2475)  are 
creditable. 

From  Russia  we  have  nothing  but  low  class  work,  and  neither 
novel  nor  interesting.  There  are  some  good  Turkey  red  cottons,  and 
some  deep  indigo  blues ;  but  calico  printing  in  Russia,  though  being 
vigorously  pushed  and  strongly  encouraged,  is  so  entirely  foreign  to 
the  soil  that  we  only  recognize  in  their  products  our  own  low  class 
work,  produced  by  our  own  machinery,  and  chiefly  under  the  super¬ 
intendence  of  English  or  French  managers. 

Sweden  sends  a  few  samples  of  dyed  silks  and  yarns,  but  nothing 
which  calls  for  special  notice. 

The  Swiss  exhibition  in  these  arts  is  nearly  confined  to  a  few 
samples  of  good  Turkey  red  dyeing  on  yarns  and  cloth.  There  are 
no  prints,  and  no  woollens  or  silks,  shown  as  specimens  of  dyeing. 

From  Belgium  we  have  only  one  exhibitor,  who  shows  a  collection 
of  prints,  and  that  is  De  Smet  (401).  They  are  good  ordinary 
work,  and  amongst  them  some  excellent  garancines.  A  few  samples 
of  cotton  yarns  are  not  such  as  to  call  for  any  lengthened  notice. 

In  the  south-east  passage  of  the  Eastern  Annex  is  a  case  (592) 
containing  illustrations  of  new  chemicals  introduced  since  1851 
into  printing  and  dyeing.  We  cannot  help  expressing  our  opinion 
that  the  arrangement  of  this  case  has  been  conceived  and  executed 
upon  a  plan  decidedly  too  narrow  and  insufficient  for  the  object. 
Instead  of  being  a  microcosm  and  trophy  of  the  tinctorial  arts  and 
the  substances  used  in  them,  it  is  a  paltry  collection  from  two  or 
three  manufacturers,  where  samples  in  pint  bottles  and  fents  of  a 
yard  or  two  in  length  are  to  represent  our  progress  and  our  taste  to 
all  the  world.  Besides  topics  we  have  already  sufficiently  dwelt 
upon  in  the  earlier  part  of  this  article,  we  find  here  some  illustrations 
of  Lloyd  &  Dale’s  patent  for  fixing  aniline  colours.  This  process, 
which  is  a  modification  of  Gratrix’s,  consists  in  mixing  the  aniline 
colour  with  tannic  acid,  steaming,  and  then  passing  the  pieces  into 
a  boiling  solution  of  tartar  emetic,  the  double  tartrate  of  potassium 
and  antimony.  The  antimony  forms  an  insoluble  combination  with 
the  tannin,  and  determines  the  fixing  of  the  compound.  James 
Laing  shows  here,  besides  the  opaline  and  ameline  colours  already 
referred  to,  specimens  of  cyanine,  another  blue  liquid,  and  a  yellow 
from  aniline,  whose  application  we  have  not  yet  heard  of.  There 
is  also  a  sample  of  a  green  colour  from  aniline  applied  to  cloth.  It 
is  the  discovery  of  Professor  Calvert  and  others,  and  patented  in 
1860.  The  illustrative  patch  of  colour  is  not  very  promising ;  it  is 
called  emeraldine,  but  is  more  like  the  ancient  Warwick  green  than 
anything  else  we  can  remember.  There  are  some  illustrations  of 
Lightfoot’s  patent  for  fixing  aniline  colours  with  mercury  salts  and 
glue,  a  process  which  we  understand  has  not  been  largely  applied 
in  practice. 

The  two  cases  of  Messrs.  Perkin  &  Sons,  and  Messrs.  Simpson, 
Maule,  &  Nicholson,  contained  in  this  part  of  the  Exhibition,  only 
call  for  our  attention  in  so  far  as  regards  the  application  of  the 
aniline  red  and  purple  to  textile  fabrics.  These  colouring  matters 
fix  very  well  on  silk  and  woollen  without  any  mordant,  but  they 
have  no  affinity  for  cotton,  which  is  of  course  our  main  staple  for 
printing.  The  process  at  first  used  for  printing  them  was  in  com¬ 
bination  with  albumen  or  lactarine.  The  results  were  satisfactory 
with  regard  to  shade  and  fastness,  but  the  expense  -was  a  serious 
drawback,  and  the  harshness  of  the  pieces  when  finished  was  also 
an  objection.  The  method  of  fixing  by  means  of  tannic  acid  and 
metallic  salts  was  then  discovered,  and  is  now  largely  practised. 
Gratrix’s  patent  was  for  tannic  acid  and  tin  salts,  and  he  indicated 
several  methods  of  applying  them.  The  one  most  in  use  consists 
in  preparing  the  cloth  with  tin  as  for  steam  colours,  applying  the 
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colouring  matter  and  tannic  acid  mixed  and  steaming.  However, 
these  colours  have  a  very  uncertain  degree  of  fixity  when  applied  in 
this  manner,  and  the  bulk  are  yet  applied  by  means  of  lactarine  with 
mixture  of  tannic  acid  for  the  darker  shades,  and  without  tannic  acid 
for  the  lighter  shades.  The  antimony  process  of  Lloyd  &  Dale,  as 
above  stated,  has  great  analogy  to  Gratrix’s.  We  saw  very  good 
specimens  of  colours  so  fixed  at  the  exhibition  of  chemical  products 
at  the  meeting  of  the  British  Association  in  Manchester,  September, 
1861.  The  azuline  blue,  or  whatever  other  name  it  maybe  known 
under,  has  not  yet  been  satisfactorily  applied  to  cotton ;  the  shade 
is  not  pleasant  unless  the  goods  dyed  with  it  are  submitted  to  a  final 
passage  in  warm  dilute  acid.  If  the  acid  be  mixed  with  the  colour 
and  printed  on  the  cloth  it  decomposes  and  rots  the  fibre,  and  the 
submerging  of  the  whole  piece  in  acid  is  not  admissible  on  account 
of  the  destruction  of  the  other  colours  associated  with  it  in  the 
general  design. 

So  much  has  been  said  or  written  upon  the  aniline  colours  that 
we  propose  to  say  as  little  as  possible  about  them  ;  time  will  show 
whether  they  are  to  fulfil  the  high  place  amongst  tinctorial  agents 
which  some  enthusiastic  chemists  have  prophesied  for  them  ;  time 
has  in  fact  so  far  elapsed  since  the  introduction  of  these  new  colours 
as  to  begin  to  pronounce  against  them.  There  are  evident  symp¬ 
toms  which  indicate,  as  far  as  calico  printing  is  concerned,  that  the 
aniline  colours  are  nearly  played  out.  The  craving  for  novelty  is 
satisfied,  and  demands  are  beginning  to  be  made  for  greater  stability 
and  fastness  which  cannot  be  satisfactorily  responded  to.  Upon 
some  class  of  woollen  goods,  upon  silk  generally,  and  upon  some 
fine  muslins  the  aniline  colours  will  become  in  a  sort  permanent ; 
but  upon  the  ordinary  quality  of  printed  calicoes  they  will  soon  be 
discarded,  unless  some  new  and  hitherto  unthought  of  method  of 
fixing  should  give  them  a  higher  degree  of  permanency  than  they 
possess  at  present.  We  have  all  been  dazzled  by  the  discovery  of 
this  new  source  of  brilliant  colours,  and  have  consequently  exag¬ 
gerated  their  importance  ;  they  have  been  a  source  of  immense 
profit  to  some  parties,  and  have  greatly  contributed  to  the  interests 
of  the  dyeing  and  printing  trade  in  general  since  their  discovery, 
having  in  fact  relieved  them  from  a  period  of  great  depression  which 
they  were  entering  upon,  and  which  they  are  now  unfortunately 
likely  to  realize. 

The  progress  of  chemical  discovery  promises  to  simplify  the 
operations  of  dyeing  and  printing  to  a  remarkable  degree.  That 
skill  and  labour  which  has  heretofore  been  expended  in  the  dyeing 
operations  will,  in  all  probability,  be  transferred  from  the  print 
works  or  dye  house  to  the  chemical  manufactory ;  and  instead  of 
the  printer  purchasing  the  madder  roots  as  dug  up  by  Smyrnese 
peasants,  or  the  logwood  as  felled  and  dressed  by  the  Central 
Americans,  he  will  be  offered  pure  extracts  or  refined  preparations 
which  will  admit  of  his  simplifying  the  manner  of  their  application, 
and  give  him  a  more  perfect  control  over  the  results.  The  existing 
methods  of  dyeing  colours  are  for  the  most  part  difficult,  compli¬ 
cated,  and  uncertain ;  so  difficult  and  complicated  that  theory  in 
vain  tries  to  follow  and  explain  the  reactions  of  the  ingredients  and 
processes  deemed  necessary ;  so  uncertain  that  practice  never 
knows  the  result  until  it  is  seen,  and  beyond  the  power  of  alteration. 
This  unsatisfactory  state  is  no  doubt  traceable  to  the  small  pro¬ 
portion  of  pure  colouring  substance,  mixed  with  a  great  mass  of 
adventitious  and  obstructive  matter,  which  exists  in  all  the  crude 
dye  woods  and  roots.  If  we  take  madder,  which  is  the  most  im¬ 
portant  of  all  the  tinctorial  substances,  on  account  of  the  beauty 
and  stability  of  the  colours  it  yields,  we  shall  find  that  when  the 
dyer  throws  100  pounds  of  the  ground  root  into  his  dyeing  vat,  he 
employs  a  mass  of  at  least  95  lbs.  of  useless  woody  and  saccharine 
matter  to  not  more  than  5  lbs.  of  real  colouring  matter.  The 
consequence  is  that  one-half  of  the  alizarine  is  not  extracted  in  the 
dyo-bath,  and  the  other  half,  which  has  gone  to  dye  the  mordanted 


goods,  is  so  contaminated  with  impurities  that  it  is  necessary  to 
subject  the  colours  to  several  treatments  to  purify  them  ;  and  during 
this  purification  or  brightening  of  the  colours,  probably  one  half  of  the 
alizarine  which  is  deposited  has  been  removed  or  destroyed.  With 
other  dye  woods,  but  to  a  less  extent,  the  same  statement  holds  good. 
When  the  chemist  is  enabled  to  extract  the  pure  colouring  matter 
of  these  vegetable  productions,  and  hand  them  to  the  dyer  in  as 
pure  a  state  as  now  he  can  produce  murexide,  rosaniline,  or  the 
mauve  colour,  we  may  hope  to  see  a  complete  and  beneficial  revolu¬ 
tion  in  the  trade.  Appearances  on  every  side  seem  to  indicate  that 
we  are  upon  the  eve  of  important  and  radical  changes  in  all  manner 
of  printing  and  dyeing  operations.  The  continued  preference  for 
pigment  colours  in  printing  must  soon  turn  attention  to  suitable 
vehicles,  and  suitable  mechanical  contrivances  for  their  application 
to  textile  fabrics.  At  present  we  have  but  few  pigments  suitable, 
and  the  expensiveness  of  the  only  successful  vehicles,  albumen  and 
lactarine,  have  kept  this  branch  of  printing  in  the  back  ground ;  the 
trade  is  anxiously  waiting  for  improvements  in  this  department,  which 
will  no  doubt  in  a  few  years  give  quite  a  new  aspect  to  the  produc¬ 
tions  of  our  manufactories. 

It  is  astonishing  how  little  advance  there  has  been  made  until 
quite  lately  in  the  non-mechanical  parts  of  dyeing  operations ;  so 
that  even  to  this  day,  when  producing  our  most  solid  colours  from 
indigo  or  madder,  we  find  ourselves  engaged  in  the  same  operations 
which  were  being  carried  on  in  India  when  Alexander  the  Great 
invaded  it,  or  when  at  a  later  period  Pliuy  describes  the  processes 
by  which  the  Egyptians  produced  variegated  coloured  cloths  from 
mordants  and  dye-stuff.  But  the  progress  is  all  in  one  definite 
direction,  to  do  away  with  the  dyeing  after  printing,  to  apply  mor¬ 
dant  and  colouring  matter  at  one  operation  ;  and  although  immense 
difficulties  have  been  met  with  in  regard  to  our  chief  dye-stuffs, 
indigo  and  madder,  there  is  good  promise  that  before  long  the 
pingitque  dum  coquit  of  Pliny  will  cease  to  be  wholly  or  mainly 
descriptive  of  the  process  by  which  our  best  colours  are  obtained. 


5. -PAPER  MACHINERY. 

By  William  Stone,  Esq. 

r  article  on  Paper  Materials  the  sub¬ 
stances  used  by  the  ancients  were 
briefly  mentioned,  and  some  historical 
notice  was  given  of  the  preparation  of 
paper  by  the  hand  process.  From 
the  consideration  of  such  simple 
materials  as  the  dried  and  beaten 
liber  of  the  South  Sea  Islands,  tapa, 
the  unprepared  leaves  of  plants  in  use 
by  the  Asiatics,  or  the  cut  pith  of  rice 
paper,  we  turn  to  the  elaborate  pro¬ 
cesses  and  machines  invented  by  western  ingenuity,  which  has  been 
directed  not  so  much  to  the  preparation  of  the  raw  fibres  of  plants 
as  to  the  resuscitation  of  worn-out  fabrics.  By  skilful  mechanical 
and  chemical  appliances  modern  art  has  metamorphosed  and 
rearranged  articles  previously  otherwise  employed ;  so  that  by  a 
curious  change,  discarded  linen  and  cotton  articles  of  dress  are  again 
converted  into  others  fit  for  precisely  similar  service.  Many  such 
cases  are  to  be  found  in  the  Exhibition,  where  collars,  cuffs,  and 
other  personal  adornments  of  both  sexes  may  be  inspected,  the 
materials  of  which  had  previously  clothed  the  human  frame  as 
articles  of  dress. 

In  the  present  paper  we  propose  to  describe  in  a  few  words — 
1st,  The  General  Processes ;  2nd,  The  Manufacture  by  Hand ;  3rd, 
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The  Manufacture  by  Machinery;  4th,  Special,  distinct  Inventions 
brought  into  successful  operation  since  1851,  noticing  as  we  pro¬ 
ceed  such  improvements  under  each  head  as  are  either  illustrated  in 
the  present  Exhibition,  or  have  been  introduced  since  the  previous 
Exhibition. 

I.— GENERAL  PROCESSES. 

CUTTING  INTO  SHREDS. — This  operation  is  generally  performed 
by  women,  who  in  cutting  the  rags  to  the  proper  size  for  use,  at  the 
same  time  assort  them  into  the  various  shades  of  value  which  may 
be  intermingled  in  the 
bulk  of  even  the  same 
quality  of  rags  ;  and  care¬ 
fully  remove  all  foreign 
and  objectionable  sub¬ 
stances  which  might  sub¬ 
sequently  injure  the  ma¬ 
chinery  or  deteriorate  the 
paper.  Although  appara¬ 
tus  for  the  cutting  of  rags 
other  than  by  manual 
labour  have  been  brought 
into  use,  the  careful  ex¬ 
amination  and  sorting 
above  referred  to,  and 
which  are  so  essential, 
especially  in  the  manu¬ 
facture  of  the  finer  descriptions  of  paper,  can  be  accomplished 
only  by  the  perception  and  intelligence  of  the  human  operative. 
Those  machines  which  have  been  tried  have  generally  assumed  the 
form  of  travelling  bands,  conveying  the  material  to  circular  rotating 
knives,  which  cut  the  material  into  strips,  whilst  other  knives,  acting 
at  right  angles  to  the  preceding,  effect  the  transverse  or  cross  cut. 

DUSTING. — Having  been  thus  reduced  into  small  fragments,  the 
rags  are  next  placed  in  a  wire  cage  or  drum,  fixed  in  an  inclined 
position,  and  furnished  with  a  revolving  axis  carrying  radial  arms  at 
short  distances.  These  radial  arms  beat  against  the  material  as  it 
gradually  descends  through  the  interior  of  the  inclined  drum,  and 
thereby  remove  a  large  proportion  of  the  loose  dust. 

BOILING. — The  object  of  boiling  with  caustic  alkali  is  to  remove 
any  grease  the  rags  may  contain.  The  adherence  of  any  colouring 
matters  to  the  fibres  is  also  weakened  by  this  operation.  By  em¬ 
ploying  rotatory  boilers  the  whole  of  the  materials  are  brought 
successively  under  the  influence  of  the  alkaline  solution.  The  sub¬ 
joined  engravings  of  Fourdrinier’s  rag  boiler  is  one  of  the  most 
approved  boilers  for  the  purpose  named.  Fig.  491  is  an  eleva¬ 
tion  partly  in  section,  and  Fig.  492  is  an  end  view  of  the 
machine ;  two  hollow  axes  are  fixed  to  the  end  of  the  vessel 
or  boiler,  upon  which  it  revolves.  In  the  interior  of  this  vessel, 
at  each  end  are  four  perforated  pipes,  fixed  upon  a  bonnet  for  the 
admission  of  clean  and  the  escape  of  dirty  water ;  four  ledges  or 
shelves  are  employed  to  lift  the  balls  or  beaters,  and  are  made  to  act 
also  as  stays  to  the  ends  of  the  boiler ;  one  or  more  man  holes, 
according  to  the  size  of  the  vessel  are  provided  for  filling  and 
emptying  the  boiler ;  pipes  with  stuffing  boxes  communicate  with  the 
bonnets  for  the  admission  of  clean  and  the  exit  of  dirty  water,  also 
for  the  admission  of  alkali  and  steam.  On  one  of  the  axes  of  the 
boiler  is  fixed  a  spur  wheel  to  which  motion  is  given  by  a  pinion  to 
be  driven  by  either  steam  or  water  power.  The  -water  is  supplied  by 
a  main  pipe  connected  to  a  reservoir,  and  fitted  with  inlet  and 
exit  cocks.  A  safety-valve  and  cocks  to  empty  the  boiler  before 
and  after  boiling  are  also  provided. 

"WASHING. — After  the  foregoing  operation,  the  rags  are  subjected 
to  partial  comminution  in  a  machine  termed  an  engine,  the  material 


passing  between  a  series  of  fixed  knives  or  cutters  and  a  series  of 
knives  attached  to  a  revolving  cylinder.  The  fibres  are  cut  or  drawn 
out  to  any  degree  of  coarseness  or  fineness  desired  by  enlarging  or 
diminishing  the  space  between  the  fixed  and  revolving  cutters,  and 
the  distance  is  adjusted  by  the  elevation  or  depression  of  the  bear¬ 
ings.  A  supply  of  rags  and  water  having  been  introduced  into  the 
engine,  the  water  is  thrown  into  a  current  by  the  motion  of  the  roll, 
and  the  rags  are  drawn  between  the  cutters  of  the  roll  and  those  of 
the  plate.  The  gradual  withdrawal  of  the  dirty  water,  and  a  con¬ 
tinual  inflow  of  fresh,  cause  the  rags  in  a  short  period  to  become 


in  the  manufacture  of  paper  is  evident,  and  is  the  reason  why  the 
county  of  Kent,  and  a  few  other  localities  similarly  situated  on  the 
chalk  formation,  are  so  well  adapted  for  its  prosecution. 

The  mode  of  effecting  this  cleansing  and  preparing  of  the  material 
before  the  introduction  of  modem  machinery,  was  by  allowing  the 
rags  to  ferment  for  some  time  in  large  vats,  and  then  pounding  the 
fermented  rags  in  wooden  mortars  with  stampers.  These  mortars 
were  superseded  by  the  modern  rag  engines  derived  from  the  Dutch, 
who,  it  is  said,  long  kept  the  secret  of  the  trade.  The  modern  rag 
engine  is  constructed  of  wood,  and  lined  with  lead,  or  formed  entirely 
of  iron.  The  engine  is  of  an  oblong  figure,  and  is  divided  by  a  par¬ 
tition;  a  spindle,  extending  across  the  engine,  being  driven  by 
steam  power  causes  a  cylinder  to  revolve,  on  the  periphery  of  which 
cylinder  certain  steel  bars,  called  knives,  are  fixed,  and  by  the 
revolution  of  the  cylinder  come  almost  into  contact  with  fixed  bars 
or  knives  inserted  in  a  plate  at  the  bottom  of  the  engine. 

The  dirty  water  was  formerly  removed  through  an  aperture  in 
the  bottom  of  the  vessel ;  but  a  great  improvement  consisted  in  the 
introduction  of  the  drum  washer,  which  rotates  in  the  engine,  and 
being  covered  with  a  wire  cloth  the  water  enters,  but  not  the  fibres, 
and  is  removed  by  a  properly  adjusted  syphon.  One  of  the  most 
valuable  recent  improvements  is  the  system  of  washing  suggested  by 
Mr.  Thomas  Lightfoot,  in  connection  with  his  double  roll  engine, 
although  the  two  are  not  necessarily  combined.  The  subjoined 
engravings  will  render  the  system  clear  to  the  reader : — 

Fig.  493  represents  a  longitudinal  section  of  the  engine,  and  Fig. 
494  a  plan.  The  new  system  of  washing  will  be  seen  by  referring 
to  the  Figures.  The  partition,  technically  called  the  midfeather,  is 
made  hollow,  and  is  furnished  with  openings  which  are  covered 
with  woven  wire  on  the  side  opposite  the  rollers. 

The  side  of  the  engine  also  has  recesses  formed  therein,  covered 
in  a  similar  manner  with  wire  gauze,  or  other  suitable  perforated 
material,  as  also  are  certain  spaces  at  the  bottom  of  the  vessel. 
Through  these  wired  surfaces  the  dirty  water  passes  into  the  re¬ 
cesses,  and  from  thence  into  two  or  more  pipes  large  enough  to 
carry  it  to  a  receptacle  in  which  a  series  of  slides  are  adapted  to 
the  ends  of  the  pipes,  and  are  worked  by  a  prime  mover,  so  that  the 
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egress  of  the  water  from  the  pipes  shall  not  be  continuous,  but  alter¬ 
nating — in  other  words,  by  the  rising  and  falling  of  the  slides  at  each 
end  of  the  lever  the  flow  of  the  water  is  stopped  for  a  certain  period 
of  time,  say  one  or  two  seconds,  in  first  one  and  then  the  other  of  the 
pipes,  and  then  allowed  to  flow  for  the  same  length  of  time,  and  so 
on  alternately.  The  stoppage  of  the  flow  in  the  pipes  causes  a 
cessation  of  suction  through  the  wires  and  perforated  plates  ;  and  if 
any  fibres  of  rag  have  been  drawn  into  the  interstices  of  the  wire  or 
perforations  of  the  plates,  they  are  then  drawn  out  and  carried  for¬ 
ward  in  the  engine  by  the  flow  of  -water  and  pulp  over  them,  and 


by  this  means  the  straining  surfaces  or  perforated  plates  are  kept 
clean.  During  the  washing  operation  a  stream  of  clear  water  con¬ 
tinually  flows  into  the  engine  from  a  pipe,  placed  above  the  fall 
between  the  rollers,  and  parallel  with  them,  having  a  longitudinal 
slit  or  opening  along  its  undermost  side  about  2  feet  long,  and  of 
an  inch  wide,  so  that  the  water  from  it  may  fall  upon  the  rags 
before  they  pass  under  the  second  roller.  In  this  intermediate  con¬ 
dition  of  the  material,  technically  called  “half  stuff,”  the  bleaching 
is  effected  either  by  chlorine  gas  generated  for  the  purpose,  or 
l  obtained  from  the  mixture  known  as  chloride  of  lime. 

EEATING. — After  bleaching,  the  material  undergoes  another 
grinding  until  reduced  to  a  fine  pulp.  This  last  process  is  accom¬ 
plished  in  an  engine  very  slightly  differing  from  that  in  which  the 
washing  is  conducted,  and  any  colour  it  may  be  desired  that  the 
future  paper  should  possess  is  in  this  stage  imparted  to  the  pulp. 
Writing  papers  are  tinted  blue  by  either  smalt  or  ultramarine  ;  the 
latter  gives  the  more  intense  and  brilliant  colour,  but  it  is  not  so 
permanent  as  the  smalt. 

One  of  the  most  essential  elements  in  the  preparation  of  good 
paper  being  the  proper  drawing  out  of  the  fibres  according  to  the 
quality  of  paper  to  be  made,  it  is  evident  that  the  arrangement 
of  the  distance  between  the  fixed  and  movable  cutters  is  a  most 
important  point;  hence  the  saying,  that  “paper  is  made  in  the 
engine.”  A  very  good  self-acting  regulator,  for  gradually  increasing 
the  closeness  of  the  cutters  as  the  fibres  become  more  comminuted, 
was  invented  by  Mr.  Wrigley,  which  dispensed  with  the  continuous 


personal  attendance  of  the  engineer.  The  most  promising  of  recent 
improvements  in  the  machinery  for  beating  material  is  Ivingsland’s 
Centrifugal  Pulp  Engine  (Fig.  495).  It  consists  of  a  cylinder 
closed  at  each  end,  and  by  preference  this  cylinder  is  of  large 
diameter  as  compared  with  its  length.  On  the  interior  of  the  cylinder 
is  a  revolving  disc  of  nearly  as  largo  diameter  as  the  interior  of  the 
cylinder  within  which  it  revolves,  and  the  disc  is  of  such  thickness 
as  to  leave  a  small  space  between  each  of  its  two  side  surfaces  and 
the  two  end  covers  of  the  cylinder.  The  surfaces  of  the  disc  and 
of  the  interior  of  the  cylinder  are  formed  with  grooves,  cutters, 
or  knives,  or  with  teeth  of  any  suitable  metallic  material 
to  aid  in  the  grinding  process.  The  disc  receives  a  quick 
rotatory  motion,  it  being  fixed  to  the  end  of  a  suitable 
shaft  or  axis  (driven  by  a  steam-engine  or  other  power) 
which  passes  through  a  stuffing  box  formed  in  one  of  the 
covers  or  ends  of  the  cylinder,  and  provision  is  made  for 
the  disc  and  its  axis  to  move  a  small  distance  to  and  fro 
within  the  cylinder— its  movement  being  controlled  and 
adjusted  by  set  screws.  The  “  stuff”  is  fed  with  water 
from  an  elevated  reservoir  or  cistern  into  the  cylinder  at  one 
end  towards  the  centre,  and  by  reason  of  the  source  of 
supply  being  elevated  there  will  be  a  proportional  hydraulic 
pressure.  The  pulp  flow's  off'  from  the  other  end  of  the 
cylinder  by  a  pipe.  One  of  the  objects  of  the  invention  is 
to  remedy  the  defects  of  the  ordinary  engine,  and  this  is 
accomplished  by  providing  in  the  improved  engine  for  the 
withdrawal  of  the  fibre  from  the  action  of  the  grinder  the 
moment  it  is  sufficiently  reduced,  whilst  that  which  requires 
more  grinding  is  left  to  the  longer  action  of  the  machine; 
by  which  means  the  whole  of  the  fibre,  whether  strong  or 
weak,  is  reduced  to  pulp  of  uniform  fineness,  each  part  of  it 
being  subjected  to  a  degree  of  grinding  proportioned  to  its 
strength.  Further,  by  rendering  the  feed  independent  of  the 
motion  of  the  grinder,  the  engine  can  be  run  at  any  speed 
that  its  strength  will  sustain,  and  the  work  is  done  much 
more  rapidly  than  in  the  old  engine,  as  the  grinder  can 
be  run  very  fast,  and  the  “  half-stuff”  thoroughly  reduced 
by  passing  through  it  once.  By  dispensing  with  the 
annular  vat,  and  feeding  the  “  stuff  ”  to  the  engine  through 
a  pipe,  and  discharging  the  pulp  therefrom  by  similar  means,  this 
engine  is  rendered  very  compact,  and  requires  less  space  than 
that  occupied  by  the  engine  heretofore  in  use.  Advantage  is 
taken  of  its  rotary  motion  to  facilitate  the  feeding  of  the  fibre  to  be 
reduced,  into  the  engine,  and  the  retention  of  the  fibres  within  its 
action  until  sufficiently  reduced.  The  operation  of  the  engine  is  as 
follows : — Rotary  motion  is  communicated  to  the  shaft  through  the 
pulley  near  its  middle,  and  the  disc  is  revolved  about  200  revolu¬ 
tions  per  minute.  The  set-screws  by  which  the  grinding  surfaces 
are  adjusted,  are  so  arranged  that  the  teeth  upon  the  feeding  side 
shall  be  in  more  forcible  contact  than  those  upon  the  discharge  side 
of  the  engine.  The  fibrous  material  to  be  ground  is  well  mixed 
with  water,  and  is  then  let  into  the  feed  pipe.  The  hydraulic 
pressure  (usually  about  4  feet)  forces  it  into  the  cylinder  through 
the  space  between  the  disc  and  the  outer  head  round  the  periphery 
of  the  disc,  and  through  the  space  between  the  disc  and  the  inner 
head  to  the  discharge  pipe,  where  it  leaves  the  cylinder,  and,  enter¬ 
ing  the  discharge  pipe,  passes  through  the  same  into  any  suitable 
receptacle.  The  centrifugal  motion  of  the  disc  co-operates  with  the 
hydraulic  pressure  to  pass  the  “half-stuff”  from  the  feed  orifice 
near  the  centre,  where  the  motion  of  the  disc  is  slow,  and  but  little 
grinding  takes  place,  towards  the  periphery,  where  the  motion  is 
greater  and  the  grinding  more  energetic ;  but  when  the  current  of 
water  and  fibre  passes  the  periphery  of  the  disc  and  enters  the  space 
on  the  opposite  side,  the  passage  to  the  discharge  orifice  is  retarded 
by  the  centrifugal  action  of  the  disc. 
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Lightfoot’s  Double  Roll  Rag  Engine — Longitudinal  Section  and  Plan. 
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II.— THE  MANUFACTURE  BY  HAND. 


The  pulp  being  sufficiently  ground  is  allowed  to  flow  into  a  large 
square  vessel  termed  a  vat,  where  it  is  kept  warm  and  in  a  state  of 
continual  agitation.  From  this  vessel  the  workman,  technically 
called  a  “  vatman,”  collects  on  a  frame  covered  with  wire  gauze 
the  quantity  of  pulp  requisite  to  make  a  sheet  of  the  thick¬ 
ness  desired,  and  by  a  gentle  backward  and  forward  shaking 
motion  consolidates  the  material  into  paper,  the  water  draining 
through  the  wire.  The  forma¬ 
tion  of  the  mould  determines 
whether  the  paper  shall  have  a 
laid  that  is  a  ribbed  or  a  woven 
appearance.  To  secure  the  warp 
wires  in  their  position,  the  cross 
wires  were  formerly  twisted  to¬ 
gether  at  regular  intervals  by  the 
hand  of  the  workman  giving  the 
ribbed  appearance  known  in  laid 
paper ;  and  so  accustomed  is  the 
public  eye  to  this  peculiar  appear¬ 
ance,  that  although  the  weaving 
of  wire  has  been  long  practised 
and  the  irregularities  produced 
by  the  twist  thereby  rendered 
entirely  unnecessary,  the  aspect  of  laid  papers  is  still  favoured  by  a 
large  portion  of  the  community.  The  laid  wires  are  now-a-days 
twisted  by  machinery. 

DRYING. — The  larger  portion  of  the  moisture  having  been  expelled 
by  pressure,  the  paper  is  suspended  to  dry  on  lines,  specially  pre¬ 
pared  from  cow  hair  to  prevent  di  scoloration  of  the  sheets ;  the 
roughness  of  the  hair  not  permittii  lg  the  sheets  to  lie  in  too  close 
contact  with  the  lines. 

SIZING. — Previous  to  sizing,  pap  er  cannot  be  written  upon,  any 
fluid  placed  upon  it  being  drawn  in  to  the  substance,  as  in  the  case 
of  blotting  paper,  which  is  in  fact  unsized  paper.  Great  care  is 
requisite  on  the  part  of  the  workm  an  that  the  size,  which  consists 


This  retarding  force  acts  with  the  greatest  effect  upon  the  largest 
fibres,  their  specific  gravity  being  greater  than  that  of  any  equal  mea¬ 
sure  of  any  other  portion  of  the  flowing  mass.  Moreover,  the  current 
carries  the  fibres  through  the  grinder  at  a  speed  inversely  propor¬ 
tioned  to  their  size,  the  more  reduced  fibres  having  an  area  of  sur¬ 
face  for  the  current  to  act  upon  relatively  far  greater  than  that  of 
the  larger  fibres.  In  this  way  the  reduced  fibres  are  withdrawn 
from  the  action  of  the  grinder,  whilst  the  coarser  fibres  are  detained 
for  further  reduction. 

It  is  obvious  that  the  fineness  of  the  grinding  depends  upon  the 
closeness  of  the  teeth,  the  amount  of  feed,  and  the  speed  with  which 
the  disc  of  the  grinder  runs,  while  the  rate  of  the  feeding  depends 
upon  the  hydraulic  pressure  allowed  to  operate.  The  advantages 
which  this  engine  possesses  have  been  satisfactorily  established  by 
the  test  of  practical  use.  They  may  be  summed  up  as  follows — with 
equal  power,  more  rapid  and  greater  production,  more  uniformity 
in  the  stuff  produced,  and  less  waste  of  material  than  in  the  engines 
of  ordinary  construction ;  and  it  may  be  further  observed  that  where 
large  quantities  of  one  character  of  material  are  required,  and  the 
description  of  paper  made  is  not  too  frequently  varied,  this  centri¬ 
fugal  engine  is  specially  suitable. 

The  mode  of  preparation  of  the  pulp  is  the  same  whether  the 
paper  is  intended  to  be  made  by  hand  or  machine,  but  from  this 
point  the  operations  are  widely  different. .  An  outline  of  the  process 
of  making  paper  by  hand  will  be  first  given,  and  in  the  subsequent 
section  the  principal  features  connected  with  its  production  by 
machinery  will  be  noticed. 


and  thus  passed  through  heavy  press  rollers.  An  even  surface  is 
thereby  imparted  to  the  paper,  and  occasionally  a  peculiar  smooth¬ 
ness  of  surface  is  bestowed  by  submitting  the  sheets  to  the  influence 
of  heat  between  polished  paper  boards  prepared  for  the  purpose. 

The  manufacture  of  paper  by  hand,  though  still  carried  on,  has 
been  to  a  great  extent  superseded  by  the  introduction  of  machiue- 
made  papers,  yet  from  its  superior  strength,  owing  doubtless  to  the 
thorough  interweaving  of  the  fibres  caused  by  the  back  and  forward 
stroke  in  shaking  the  mould  (a  peculiar  motion  not  hitherto  success¬ 
fully  imitated  by  machinery)  hand-made  paper  is  much  better 
adapted  for  account  books  and  all  purposes  for  which  tenacity  and 
durability  are  desirable. 


of  a  thin  solution  of  gelatine,  should  not  only  be  free  from  impurities, 
but  fresh,  of  a  suitable  degree  of  dilution,  aud  that  every  sheet 
receive  a  proper  quantity.  One  of  the  most  valuable  qualities  of 
paper  is  its  being  well  sized  ;  hence  the  expression,  “  tub-sized  by 
hand,”  used  in  many  Government  tenders  (from  the  old  mode  of 
dipping  the  paper  into  a  tub  of  size).  An  apparatus  is  now 
frequently  employed  for  the  sizing  of  hand-made  papers.  The 
sheets  are  passed  between  two  continuous  felts  travelling  through  a 
solution  of  size,  on  emerging  from  which  the  superfluous  size  is 
expressed,  aud  the  sheets  are  then  slowly  dried  by  hanging  upon 
lines  of  the  sort  previously  described. 

GLAZING. — -To  give  paper  the  requisite  smoothness  for  writing 
upon,  the  sheets  are  placed  between  zinc  or  burnished  copperplates, 


KiLgsland’s  Centrifugal  Pulp  Engine. 


Fig.  495. 


368 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  18G2. 


III.— THE  MANUFACTURE  BY  MACHINERY. 

The  idea  of  substituting  machinery  for  hand  labour  in  the  manu¬ 
facture  of  paper  is  due  to  Louis  Robert,  who  in  1799  contrived  the 
first  machine,  and  obtained  a  patent  from  the  French  government. 
The  French  idea  was  introduced  by  Mons.  Didot,  in  conjunction 
with  his  relative  Mr.  Gamble,  into  England,  and  these  gentlemen 


Donkin's  Paper-making  Machine. 

afterwards  allied  themselves  with  Messrs.  Fourdrinier,  who  com¬ 
menced  the  great  work  at  Mr.  Hall’s  engineering  establishment, 
Dartford,  Kent.  Mr.  Bryan  Donkin,  who  has  since  done  so 
much  in  this  branch  of  engineering  manufacture,  was  then  em¬ 


reached  close  upon  three  hundred.  Of  these,  of  course,  the  largest 
number  have  been  made  for  Great  Britain,  but  very  many  have 
been  fitted  up  in  France,  Germany,  the  North  of  Europe,  Italy, 
South  of  Europe,  America,  India,  Russia,  and  Poland.  Figs.  496, 
497,  498  represent  Mr.  Donkin’s  Exhibition  machine. 

In  1805  Mr.  Donkin  altered  the  position  of  the  cylinders,  so  as  to 
dispense  with  the  use  of  the  upper  web,  which  had  hitherto  been 
considered  essential.  By  this  improvement  the  machine  was  much 

simplified,  the  paper  on 
the  web  being  slightly 
pressed  before  passing 
through  the  pressing  rol¬ 
lers,  thus  introducing  a 
vast  economy  of  material 
and  saving  of  expense, 
trouble,  and  inconveni¬ 
ence. 

Under  the  term  “Paper 
Machine  ”  is  included 
the  making  (Fig.  496), 
drying  (Fig.  497),  and 
cutting  parts  (Fig.  498) 
of  the  apparatus.  The  arrows  in  the  three  illustrations  we  have  given 
of  Messrs.  Donkin’s  machine  show  the  points  of  connection,  or  rather 
the  line  of  continuous  papef  in  the  actual  use  of  the  machinery.  Our 
space  would  not  admit  of  the  parts  being  included  in  one  cut.  A 


Donkin’s  Drying  Machine. 

ployed  in  Mr.  Hall’s  works,  and  devoted  himself  to  the  perfect¬ 
ing  of  the  machine.  The  first  successful  working  model  was 
erected  at  Frogmore  in  Hertfordshire,  and  in  1804  Mr.  Donkin  put 
up  the  second  machine  at  Two  Waters,  which  was  completely  suc- 

Fig.  408. 


Donkin’s  Cutting  Machine. 

cessful.  In  the  first  ten  years  Messrs.  B.  Donkin  &  Company  made 
and  set  to  work  thirteen  paper  machines,  and  in  the  second  ten 
years  they  put  up  twenty-five,  and  in  the  present  year,  1862,  the 
number  of  finished  machines  turned  out  from  their  works  has 


machine  of  this  description 
would  make  an  endless 
sheet  of  paper  about  20 
miles  long  in  twenty-four 
hours,  and  in  that  time 
cover  an  area  of  17  acres, 
if  kept  continuously  at 
work. 

Messrs.  Donkin’s  im¬ 
proved  cutting  machine 
renders  the  intervention 
of  reels  unnecessary. 

Machines  vary  much  in 
width,  and  theoretically 
no  limit  exists;  but  for 
many  years  54  inches  was 
practically  adopted  as  the 
mostdesirable  width.  Dur¬ 
ing  the  last  few  years,  however,  machines  have  been  made  of 
increased  dimensions,  and  the  speed  of  driving  has  been  also  acce¬ 
lerated,  thus  greatly  increasing  the  quantity  of  paper  produced. 

In  fact  it  is  now  not  an  uncommon  circumstance  to  meet  with 
well-made  paper  machines  of  90  inches  in  width,  running  at  the 
speed  of  100  feet  per  minute.  The  machine  exhibited  by  Mr. 
George  Bertram  of  Edinburgh,  and  which  we  illustrate  by  Plate  17, 
is  one  of  the  class  usually  termed  an  “80-inch  machine;”  that  is,  the 
endless  web  of  wire  cloth  on  which  the  pulp  flows  is  80  inches  wide 
and  33  feet  in  length.  Practically  the  working  result  of  the  paper 
produced  would  be  upwards  of  6  feet  wide  after  drying  and  the  edges 
have  been  cut.  Mr.  Bertram  estimates  that  about  20  tons  of  paper 
could  be  made  by  this  machine  in  one  week. 

As  might  have  been  expected,  an  invention  so  employed  has  not 
been  without  improvements  in  various  parts  of  the  machinery  or 
operations  since  its  introduction.  These  have  chiefly  had  reference 
— 1st,  To  the  more  perfectly  straining  the  finely  ground  pulp  from 
knots  or  particles  which  may  have  escaped  or  resisted  the  action  of 
the  heating  engine ;  2nd,  To  the  mode  of  using  the  continuous  wire, 
which  in  some  cases  has  a  cylindrical  form  (these  are  known  as 
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Dickenson  machines),  although  by  far  the  most  usual  form  is  the 
horizontal,  which  is  known  as  Fourdrinier’s  machine;  3rd,  To  the 
compression  or  consolidation  of  the  pulp;  4th,  To  the  mode  of 
cutting  the  continuously  flowing  web  into  sheets.  The  most  import¬ 
ant  improvements  will  be  noticed  in  the  following  brief  description 
of  the  mode  of  operation. 

The  pulp,  having  been  withdrawn  from  the  beating  engine,  is 
deposited  in  an  intermediate  vessel,  termed  a  chest,  whence  it  is 
conducted  as  required  on  to  the  making  machine.  On  its  way  it  is 
made  to  pass  through  a  strainer,  one  of  the  best  forms  of  which  is 
that  exhibited  by  Mr.  Watson  of  Newcastle-on-Tyne.  This  is 
composed  of  solid  metal,  in  which  fine  slits  are  cut,  which  allow  the 
comminuted  pulp  to  flowonward,butretain  the  objectionable  portions. 
Still  further  to  purify  the  pulp  from  extraneous  particles  of  greater 
specific  gravity  than  the  pulp,  but  which,  from  their  small  size,  may 
not  be  detained  by  the  strainer,  a 
creuated  metallic  plate  is  placed  be¬ 
tween  the  strainer  and  the  machine. 

Such  particles  lodge  in  the  channels  of 
the  plate  during  the  progress  of  the 
pulp  over  it. 

The  cylinder  machines  are  now,  we 
believe,  seldom  made,  as  the  rate  of 
speed  of  the  Fourdrinier  machine  can 
be  more  readily  increased,  and  the 
quantity  of  paper  thereby  augmented. 

It  may  be  remarked  that  all  the 
machines  in  the  International  Exhibi¬ 
tion,  English  and  foreign,  are  con¬ 
structed  on  the  horizontal  principle. 

The  stream  of  pulp,  flowing  on  to 
the  web  of  woven  wire,  is  borne  onward 
by  the  moving  web,  and  becomes  con¬ 
solidated  in  its  progress  by  the  removal 
of  the  water,  which  object  is  now 
secured  by  causing  the  web  to  traverse 
in  its  course  over  two  boxes  or  troughs, 
in  which,  by  various  applications,  such 
as  air-pumps,  steam -jet,  or  hydraulic 
action,  partial  exhaustion  of  the  air  is 
maintained.  The  atmospheric  pressure 
from  above  forces  the  water  through 
the  wire  cloth,  leaving  the  compacted 
pulp  upon  the  upper  surface.  Whilst 
the  pulp  is  sufficiently  moist  to  receive, 
and  yet  sufficiently  consolidated  to  retain,  an  impression,  any  desired 
water-mark  is  imparted  to  it  by  means  of  a  wire  cylinder  termed  a 
dandy  roll,  on  the  exterior  of  which  names,  &c.,  are  generally 
worked  in  wire,  and  these  as  the  cylinder  revolves  leave  their 
facsimile  in  the  paper.  Rollers  are  exhibited  by  several  wire 
workers. 

The  English  machines  exhibited  by  the  firms  of  Messrs.  Bryan, 
Donkin,  &  Company,  of  London,  and  Mr.  George  Bertram,  of  Edin¬ 
burgh,  may  be  pointed  out  as  examples  of  the  perfection  to  which 
paper  machinery  has  been  carried.  We  do  not  consider  the  foreign 
machines,  either  in  size  or  quality  of  workmanship,  to  be  compared 
with  those  of  English  manufacture.  A  vibratory  motion  (sometimes 
longitudinal,  but  generally  lateral)  is  given  to  the  machine,  to  assist 
in  compacting  the  pulp,  which  motion  is  intended  to  be  a  substitute 
for  the  action  of  the  workman  in  making  a  sheet  of  paper  on  a 
mould  by  the  hand  process,  as  previously  described.  Although 
machine-made  paper  has  a  weaker  texture  than  hand-made  paper, 
the  former,  from  its  cheapness,  and  from  the  fact  that  it  can  be  made 
of  any  required  dimensions,  however  large,  the  machine  process  is 
well  adapted  for  the  manufacture  of  paper  required  for  ordinary 


purposes.  In  fact  it  would  be  utterly  impossible  to  supply  the 
present  demand,  either  in  size  or  quantity,  by  the  hand  process. 

From  the  continuous  wire  the  paper  is  received  by  an  endless 
felt,  and  subjected  to  pressure  between  rollers  covered  with  felt. 
Thence  it  is  carried  onwards  over  iron  cylinders  heated  by  steam, 
for  the  purpose  of  being  dried,  receiving  in  its  course  a  considerable 
degree  of  smoothness  from  the  action  of  well-grooved  and  polished 
metal  rolls. 

Mr.  Bertram’s  machine  is  “  clothed,”  that  is,  furnished  with  its 
proper  felts,  supplied  by  Messrs.  Porritt  Brothers  &  Austin,  of 
Ramsbottom,  Manchester,  whose  manufacture  of  paper  felts  has  a 
wide  spread  reputation  at  home  and  abroad. 

All  the  different  kinds  of  printing  papers  are  made  from  the  pulp, 
dried,  smoothed,  and  cut  into  sheets  within  the  length  or  space 
shown  by  the  machine  in  the  Exhibition. 

One  of  the  most  interesting  machines  for  cutting 
paper  into  sheets  is  the  one  illustrated  in  the 
accompanying  sketch  of  Amos  &  Clark’s  recipro¬ 
cating  cutter  (Fig.  499). 

The  paper  as  it  comes  from  the  calenders  is 
carried  forward  over  the  large  drum  by  the  action 
of  a  long  crank  arm,  which  arm  on  passing  the  line 
of  centre  of  the  driving  cone  is  drawn  downward, 


causing  the  drum  to  reverse  its  motion.  During  this  movement  two 
small  rollers  detain  the  paper  from  slipping  back,  by  their  pressure 
on  the  top  of  the  drum.  As  the  shaft  rotates,  the  arm  rising  again 
drives  forward  the  drum,  carrying  with  it  the  continuous  paper ;  the 
length  of  paper  thus  carried  forward  on  each  rising  of  the  arm,  depends 
upon  the  length  of  the  arm,  which  is  capable  of  adjustment  by  the 
attendant. 

The  length  of  paper  being  thus  secure  of  control  at  each  rotation 
of  the  shaft,  the  second  point  is  the  arrangement  for  effecting  the 
cut. 

A  fixed  horizontal  knife  is  fitted  to  the  side  frames,  and  a  movable 
knife  is  suspended  to  the  side  frames  by  rods,  and  motion  is  given  to 
this  knife  by  a  crank  and  connecting  rods,  permitting  the  movable 
knife  to  remain  nearly  quiescent  for  a  short  period,  while  the  paper 
is  passing  through,  and  then  suddenly  closing  on  the  fixed  knife, 
over  the  edge  of  which  it  moves,  cutting  the  sheet  along  the  line, 
thus  effecting  the  transverse  cut,  the  lateral  cuts  having  been  effected 
by  rotatory  knives  acting  against  one  another. 

SIZING. — The  necessary  amount  of  sizing  for  printing  paper  is  in 
most  cases  given  in  the  engine,  6ize  being  mixed  with  the  pulp.  But 
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Fig.  499. 


Amos  &  Clark’s  Cutting  Machine. 
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in  the  case  of  writing  paper  the  operation  isa  separate  one  and  distinct 
from  the  making.  The  object  of  this  operation  is  to  render  the  paper 
capable  of  bearing  ink.  The  system  adopted  in  England  is  to 
saturate  the  paper  with  a  properly  prepared  solution  of  gelatine,  as 
in  the  hand-made  process ;  the  mode  of  its  accomplishment  being, 
however,  very  different.  The  dried  paper  at  the  end  of  the  making 
machine  is  passed  into  or  drawn  through  a  solution  of  size,  and  any 
superfluous  quantity  that  may  have  been  imbibed  is  expressed  by 
rollers.  The  saturated  web  is  then  caused  to  travel  slowly  through 
a  heated  chamber,  the  duration  of  its  journey  being  much  lengthened 
by  the  paper  winding  in  its  course  round  numerous  skeleton  reels, 
which  are  frequently  furnished  with  fans  in  their  interior  to  agitate 
the  air  of  the  ehamber.  In  order  to  size  the  paper  properly  it  can¬ 
not  be  dried  too  slowly,  or  in  other  words,  too  many  of  these  open 
drums  with  fans  cannot  be  employed  to  dry  the  paper  after  sizing. 
Many  first -class  makers  employ  70  to  80  drums,  but  Mr.  Ber¬ 
tram  is  erecting  a  drying  machine  which  will  contain  272  drums 
or  reels ;  so  that  the  paper  in  passing  along  the  chamber  at  the  rate 
of  56  feet  per  minute  will  not  be  less  than  an  hour  in  making  its 
way  through  the  machine  or  chamber,  and  in  doing  so  the  artificial 
heat  used  will  be  so  slight,  or  of  such  a  low  temperature,  that  the 
paper  is  expected  to  approximate  closely  to  hand-made  paper  in  this 
respect. 

After  sizing  and  drying,  the  paper  is  conducted  through  a  series 
of  rollers  heated  by  steam  and  surfaced,  the  final  glaze  being  given 
by  rolling  between  polished  copper  or  zinc  plates. 

IV.— SPECIAL  INVENTIONS. 

PAPER  FROM  STRAW. 

In  1801  Mr.  Matthias  Koops  obtained  a  patent  for  the  manufac¬ 
ture  of  paper  from  straw,  and  a  very  interesting  but  now  scarce  book 
was  written  by  him,  and  printed  upon  straw  paper,  descriptive  of 
the  manufacture  ;  but  the  manufacture  can  scarcely  be  considered 
to  have  been  successful,  inasmuch  as  the  paper  still  continued  to 
possess  the  natural  tint  of  the  raw  material,  and  the  use  of  the  paper 
for  printing  purposes  does  not  seem  to  have  been  employed  further 
than  as  an  experiment.  It  may  be  of  interest  to  note  that  the 
manufacture  was  carried  on  at  Neckinger  Mills,  Bermondsey,  Lon¬ 
don.  The  idea,  although  not  altogether  dormant,  does  not  appear 
to  have  been  much  further  tested  until  about  the  year  1841  or  1842, 
when  straw  pulp  was  bleached  white,  and  some  very  good  paper 
made  therefrom  ;  but  the  results  do  not  seem  to  have  been  suffi¬ 
ciently  encouraging  to  have  induced  the  continuance  of  the  manu¬ 
facture. 

The  most  successful  results  were  obtained  in  France  in  the  years 
1850-1851,  and  the  process  patented  in  this  country  by  Messrs. 
Coupier  &  Mellier  is  the  one  on  which  the  preparation  of  straw  paper 
in  Great  Britain  is  now  based.  As  straw  offers  some  unique  features 
connected  with  its  preparation,  we  subjoin  an  outline  of  the  process, 
and  a  cut  (Fig.  500)  of  a  portion  of  the  apparatus  employed,  ex¬ 
tracted  from  a  memorandum 
furnished  by  one  of  the  paten¬ 
tees  of  this  highly  successful 
invention : — 

The  straw,  after  having  been 
cut  into  small  pieces  by  a  chaff- 
cutting  machine,  is  subjected 
to  the  action  of  a  boiling  solu¬ 
tion  of  hydrate  of  soda  or 
Diagram  of  Straw  Process.  potash  of  from  7°  to  10 

Baume.  It  is  then  put  into 
a  tub  or  other  vessel  having  a  perforated  false  bottom,  through 
the  cover  of  which  vessel  a  pipe  enters  and  terminates  in  a  rose- 
head  ;  the  other  end  of  the  pipe  enters  into  a  close  iron  vessel  and 


descends  nearly  to  the  bottom  thereof.  Into  this  iron  vessel,  which 
is  capable  of  holding  about  CO  or  70  gallons,  the  alkaline  solution  is 
introduced,  and  is  kept  boiling  by  means  of  high  pressure  steam 
passing  through  a  worm  in  the  vessel;  and  by  a  slight  escape  of  steam 
from  the  worm  the  solution  is  forced  up  the  pipe  and  through  the 
rose-head,  falling  in  streams  upon  the  straw  or  other  vegetable 
matter  in  the  tub.  When  the  iron  vessel  has  been  emptied  in  this 
manner,  it  is  again  filled  with  the  solution,  and  so  on  until  the  proper 
quantity  has  been  forced  into  the  tub,  which  will  be  from  30  to  40 
gallons  for  each  hundredweight  of  vegetable  matter.  The  boiler  of 
the  size  mentioned  would  require  to  be  fifteen  times  boiled,  and  its 
contents  blown  through  the  kier,  for  every  ton  of  straw.  A  circula¬ 
tion  of  the  liquor  is  now  caused  to  take  place  by  the  following 
means : — From  the  bottom  of  the  kier,  which  is  raised  a  few  inches 
above  the  top  of  the  small  boiler,  there  proceeds  another  pipe,  having 
a  cock  upon  it  and  furnished  with  a  self-acting  valve  opening  into 
the  iron  vessel,  through  which  a  quantity  of  the  liquor  is  returned 
into  the  iron  vessel  od  the  steam  being  turned  off ;  and  then  when 
the  steam  is  turned  on  again  to  drive  over  the  liquor,  the  valve  is 
closed  by  the  pressure  of  the  steam,  so  as  to  prevent  the  liquor  from 
being  forced  under  the  false  bottom  instead  of  being  thrown  on  to 
the  straw  from  the  rose-head.  When  this  circulation  has  continued 
for  eight  or  ten  hours,  the  alkaline  liquor  having  passed  through  from 
200  to  250  times,  the  cock  on  the  return  pipe  is  closed,  and  the 
liquor  is  drawn  off  by  another  pipe  at  the  bottom  of  the  kier.  Water 
is  then  run  into  the  iron  vessel,  and  forced  by  steam  through  the 
pipe  on  to  the  straw,  and  such  operation  of  washing  is  to  be  repeated 
until  the  water  that  comes  off  is  not  of  any  greater  strength  than  1° 
Baume.  After  this,  cold  water  is  to  be  run  into  the  tub  until  it 
comes  off  clear.  The  vegetable  matter  is  now  put  into  a  bath  of 
hypochlorite  of  alumina,  in  order  that  it  may  be  bleached  and  its 
fibres  disaggregated.  There  it  remains  for  twelve  or  thirteen  hours, 
being  stirred  from  time  to  time.  The  hypochlorite  is  employed  in 
the  proportion  of  from  20  to  25  per  cent,  by  weight  of  the  vegetable 
matter,  and  about  70  gallons  of  water  are  used  for  each  hundredweight 
of  vegetable  matter;  the  solution  will  therefore  be  about  3°  Baume. 
A  solution  of  other  hypochlorites  of  like  strength  may  be  used. 
The  vegetable  matter  having  been  thus  reduced  to  what  is  called 
“half  stuff”  of  good  colour,  the  liquor  is  to  be  strained  off,  after 
which  the  pulp  is  to  be  well  washed  with  boiling  water,  in  order  to 
free  it  from  the  hypochlorite,  and  complete  the  disaggregation  of 
the  fibres.  It  is  then  to  be  put  into  an  ordinary  beating  engine,  and 
made  into  paper,  either  alone,  or  combined  with  rag  pulp.  In  order 
to  carry  out  this  part  of  the  process  with  economy,  the  alkaline 
liquor  drawn  off  from  the  kier  and  the  first  wash  waters  are  evapo¬ 
rated,  and  a  “resinous  soap”  is  produced,  which  is  mixed  with 
charcoal  dust  or  sawdust,  or  it  may  be  burned,  and  from  the  ashes 
a  considerable  part  of  the  alkali  may  be  obtained  by  lixiviation. 

SEAMLESS  BAGS  AND  CARTRIDGES. 

It  will  be  obvious  that  the  avoidance  of  seams  in  bags  or  recep¬ 
tacles  employed  to  retain  articles  in  a  state  of  granulation,  such  as 
sugar  and  more  especially  gunpowder,  would  be  attended  with  con¬ 
siderable  advantage.  Several  patents  have  been  taken  out  for  pro¬ 
cesses  having  this  object  in  view,  but  the  most  successful  is  that 
which  presents  one  of  the  most  interesting  objects  in  the  Royal 
Arsenal  at  Woolwich.  The  paper  factory  at  Woolwich  is  con¬ 
structed  to  carry  out  the  mode  of  manufacture  patented  by  Mr. 
Brown  and  Mr.  J.  Mackintosh,  but  our  limits  will  not  allow  of 
more  than  a  brief  description.  A  number  of  fingers  or  digits,  made 
of  perforated  metal,  are  screwed  upon  a  hollow  wrist  at  the  extremity 
of  an  arm,  which  is  connected  with  an  exhausting  pump,  and  the 
operation  of  making  the  cartridges  is  commenced  by  placing  a  felt 
glove,  stall,  or  cover,  upon  each  finger,  thus  gloving  the  digits;  the 


Fig  503. 
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folded  sheet  is  now  opposite  a  pair  of  ribbed  rollers  (cylinders). 
Before  the  third  fold  is  made,  the  stitching  commences  in  the 
following  way :  two  needles  provided  with  hooks  pass  through  the 
middle  of  the  sheet,  at  about  1  inch  distance  from  each  other, 
drawing  the  cotton  through,  which  is,  by  a  very  ingenious  contriv¬ 
ance  unwound  from  a  bobbin  and  cut  to  the  required  length  by  a 
peculiarly  constructed  pair  of  scissors.  The  sheet  is  then  folded  a 
third  time,  viz. — a  knife  in  the  shape  of  a  T,  acting  horizontally, 
and  consequently  at  a  right  angle  with  the  second  knife,  takes  hold 
of  the  middle  of  the  sheet  and  pushes  it  between  the  above-men¬ 
tioned  ribbed  rollers,  from  which  it  comes  glazed  and  pressed  on  to 
the  table. 


6.— ROLLING  AND  CASTING  OF  METALS. 

By  A.  Tylor,  Esq.,  of  Messrs.  F.  Tylor  &  Sons,  London. 

IIE  limited  space  allotted  to  a  large 
subject  obliges  me  only  to  allude  to 
some  of  the  most  interesting  speci¬ 
mens  of  rolled  and  hammered  work 
in  the  Exhibition. 

WROUGHT  -  IRON  GIRDERS.  — 
During  the  Crimean  war  long 
wrought-iron  deck  beams  were  rolled 
for  the  floating  batteries.  Such  had 
been  previously  rolled  under  Ver¬ 
non’s  patent  (Liverpool).  These 
vessels,  being  of  small  tonnage,  only  required  iron  beams  10  or  12 
inches  in  depth,  worth,  perhaps,  £15  per  ton.  The  expense  of  making 
rolls  for  every  different  section  required  by  architects  and  shipbuilders, 
lias  retarded  the  introduction  of  wrought-iron  rolled  shaped  beams, 
and  the  Butterley  Company  have  perfected  a  system  of  welding  plain 
bar-iron  to  the  rolled  beam,  so  as  to  get  sections  of  any  depth  and 
of  any  thickness,  and  at  prices  varying  from  £15  to  £25  per  ton. 
They  employ  a  modification  of  the  system  first  introduced  by  the 
master  smith  at  Woolwich  Dockyard,  Mr.  Bartram.  Of  course  the 
thickness  of  the  web  of  these  beams  depends  upon  the  distance  the 
rolls  are  kept  apart.  It  is  not  difficult  to  make  an  arrangement  for 
drawing  the  parts  of  the  beam  when  at  a  welding  heat  close  together 
between  two  hammers  connected  with  the  same  shaft.  The  hammers 
strike  simultaneously  on  the  two  sides  of  the  weld,  and  so  beams  of 
various  depths  are  produced  from  one  set  of  rolls.  In  the  section  A 
of  the  deck  beam  for  the  McM/es  (Fig.  502)  there  are  two  ordinary  bars 
of  T -iron  welded 
to  a  plain  bar  as 
far  as  the  knee,  the 
part  where  the 
beam  approaches 
the  side  of  the 
ship,  and  is  at¬ 
tached  to  it;  there 
a  triangular  piece 
is  inserted.  The 
difference  in  ap¬ 
pearance  of  these 
welded  beams  and 
those  of  rivetted 
iron  is  very  strik¬ 
ing,  and  very 
much  in  favour 
of  the  Butterley 
Company’s  work.  The  woodcut  represents  the  arrangement  of  the 
parts  ready  for  welding  at  section  A,  and  the  section  after  welding. 


Fig.  502. 


Knee  of  Deck-beam  for  Achilles. 


many-fingered  arm  is  then  dipped  by  a  kind  of  elbow  motion  into 
the  tub  or  vat  of  pulp.  While  immersed,  the  exhausting  process 
which  goes  on  through  the  arm  tends  to  draw  the  water  and  pulp 
through  the  gloved  fingers,  which,  however,  permit  the  passage  of 
the  water  only,  the  pulp,  which  is  of  suitable  consistency,  remaining 
on  the  exterior  surface  of  the  giove,  where,  being  evenly  and  uni¬ 
formly  deposited,  a  perfect  bag  is  constituted,  without  seam  or  hole 
or  difference  of  substance.  When  it  is  desired  to  increase  the 
thickness  of  the  bottom  of  the  bag,  the  fingers  are  dipped  a  second 
time  to  a  part  of  their  depth  in  the  pulp.  The  digits  being  unscrewed, 
are  connected  with  heated  pipes,  and  the  outer  surfaces  are  glazed 
by  the  rubbing  of  metallic  sheaths  over  the  drying  pulp. 

FOLDING,  STITCHING,  AND  GLAZING  MACHINE. — This  inter¬ 
esting  labour-saving  machine  is  exhibited  in  Class  8,  and  the  mode 
of  its  operation  will  be  evident  from  the  accompanying  woodcut  and 
description.  The  sheets  arc  put  singly  by  a  boy  under  the  points 


Folding,  Stitching,  &  Glazing  Machine. 

of  the  machine,  in  the  same  manner  as  with  the  printing  machine ; 
a  knife  moving  nearly  vertically  up  and  down  takes  hold  of  the 
sheet  lengthwise  in  the  centre,  draws  it  through  a  slit  in  the  table, 
and  the  first  fold  is  made.  The  knife  returns  instantly,  and  the 
sheet  is  taken  by  a  second  vertical  knife,  moving  from  the  left  to 
the  right,  folding  it  at  a  right  angle  to  the  first  fold.  This  double- 
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The  arrangement  of  Cornish  boilers  resting  on  cast-iron  pillars, 
and  laid  horizontally  at  a  great  height,  but  directly  over  the  puddling 
and  heating  furnaces  at  Codnor  Park,  is  admirable.  There  is  a  water 
space  around  the  greater  portion  of  the  vertical  iron  smoke  flue, 
which  is  30  feet  high,  and  the  water  space  of  each  boiler  is  connected 
with  the  water  space  round  the  nearest  smoke  flue.  Economy  of  fuel 
is  obtained  in  a  very  simple  and  cheap  manner,  without  interfering 
with  the  working  of  the  puddling  furnaces,  which  are  of  the  ordinary 
reverberatory  construction  with  a  cast-iron  bottom  having  a  bed  of 
cinder  and  hsematite  ore.  The  air  is  admitted  through  the  bars 
and  clinker,  as  in  the  Welsh  system.  About  4-g-  cwt.  of  refined 
iron  is  a  charge,  which  is  made  into  either  two,  four,  or  six  balls, 
according  to  the  purpose  required.  In  piling,  scrap  bars  are  pre¬ 
ferred  on  the  outside,  as  the  iron  has  been  worked  once  more  than 
the  puddle  bar,  and  the  surface  is  smoother.  The  iron  is  so  good 
that  rivet  iron  can  be  made  from  a  puddle  block,  instead  of  from 
small  scrap  as  is  more  usual. 

The  ore  found  in  cavities  iD  the  Derbyshire  limestone  rocks  has 
been  tried.  The  quality  was  good,  but  it  was  so  mixed  with  rubbish 
by  the  miners  that  it  did  not  answer  the  purpose. 

The  specimens  sent  by  the  Butterley  Company  to  the  Exhibition 
are  as  follow  : — 

Class  1. — Section  I. 

1.  Rolled  and  welded  deck  beam,  nanges  6J  inches,  depth  16  inches,  J-inch 
thick,  with  solid  knees,  H.M.S.  Achilles. 

2.  Four-flanged  rafter  bar,  as  manufactured  by  the  Butterley  Company  for 
the  Royal  Temperate  Houses  at  Kew. 

3.  Solid  rolled  engine  beam  slab,  31  feet  G  inches  long,  7  feet  wide,  2|  inches 
thick,  containing  163  superficial  feet,  weight  finished,  7  tons. 

4-5.  Armour  plates,  each  14  feet  long,  5  feet  wide,  4J  inches  thick,  weight 
of  each  when  finished,  6  tons. 

6.  Rolled  boiler  plate,  12  feet  9  inches  long,  7  feet  6  inches  wide,  1J  inch 
thick. 

7.  Rolled  and  welded  main  girder,  heads  or  flanges  12  inches  wide,  depth 
of  girder  3  feet,  can  be  made  to  any  length  that  may  be  required. 

8.  Section  of  rolled  girder,  heads  12  inches,  depth  of  girder  2  feet  6  inches. 

9.  Section  of  rolled  and  welded  girder,  heads  or  flanges  6J  inches,  depth  1 
foot  9  inches,  thickness  J-inch. 

10-11.  Patent  solid  rolled  girders,  heads  6J  inches,  depth  9  inches,  thick¬ 
ness  ^-inch. 

12-13.  Rolled  girders,  heads  4J  inches,  depth  10  inches,  length  14  feet  and 
upwards. 

14-15.  Solid  rolled  girders,  heads  Gf  inches,  depth  12  inches,  length  14  ft. 
and  upwards. 

16.  Rail,  117  feet  long,  5J  inches  deep,  placed  in  the  Open  Court  in  the 
centre  of  the  Eastern  Annex. 

17.  Tension  bar  for  girder,  rolled,  1  foot  wide,  83  feet  long,  1  inch  thick, 
placed  with  rail  in  the  Open  Court  in  the  centre  of  Eastern  Annex,  class  1. 

Sections  of  patent  neutral  axis  rivetted  beams,  and  other  forms  of  girders 
are  exhibited. 

In  very  large  beams  a  rolled  bead  is  inserted  between  the  edges 
to  he  welded  together,  as  shown  in  section.  The  armour  plates 
exhibited  are  made  in  the  ordinary  rolling  mill  in  which  boiler  plates 
of  a  ton  weight  were  formerly  rolled.  The  iron  is  puddled  in  the 
usual  manner,  and  is  made  from  the  ironstone  of  the  district  (carboni¬ 
ferous  series),  which  is  employed  without  any  admixture.  The 
puddle  block  is  not  broken  up  at  Butterley  to  be  selected,  and  that 
would  be  the  only  obvious  difference  between  the  systems  of 
manufacture  in  Yorkshire  and  Derbyshire.  There  may  be  pecu¬ 
liarities  in  the  iron  ore  and  coal  of  the  two  counties,  but  the 
superior  quality  of  Lowmoor  is  probably  principally  due  to  the 
careful  selection  of  every  piece  of  iron  in  the  processes  of 
manufacture.  Some  of  the  Derbyshire  seams  of  coal  on"  the 
Butterley  Company’s  estates  are  extremely  fine,  and  are  entirely 
free  from  sulphur,  resembling  those  in  Staffordshire,  which  ob¬ 
tained  such  a  reputation  for  the  iron  of  that  county,  but  which 
are  now  almost  used  up.  The  6  feet  6  inches  rolls,  22  inches 
diameter,  now  in  use  at  Codnor  Park  works  by  the  Butterley  Com¬ 


pany,  will  be  superseded  for  large  work  by  the  two  pair  of  new  rolls 
3  feet  6  inches  diameter,  now  being  erected,  each  pair  driven  by  a 
120  horse-power  engine,  mounted  on  the  top  of  the  standards  which 
carry  the  rolls.  The  rolls  are  connected  by  a  very  large  shaft  and 
gearing,  so  arranged  that  the  power  of  both  engines  can  be  exerted, 
if  wished,  on  one  pair  of  rolls.  The  foundation  plates  are  cast  in 
two  pieces,  weight  25  tons  altogether.  The  standards  weigh  15 
tons  each,  and  are  keyed  into  the  foundation  plate,  which  rests  upon 
the  rock  without  a  deep  intermediate  wood  framing  such  as  is  some¬ 
times  employed.  The  rolling  mill  is  320  feet  long,  and  has  two 
80  feet  spans.  The  iron  used  to  support  the  roof  is  so  unnecessarily 
heavy  that  the  same  weight  would,  if  disposed  in  the  form  of  sheet- 
iron,  have  been  nearly  sufficient  to  have  formed  an  iron  building  of 
the  same  dimensions  in  every  respect  with  iron  sides  and  roof,  on 
the  system  successfully  carried  out  by  Mr.  Humphrys  of  Deptford. 

PUDDLED  IRON. — The  researches  of  Graham,  and  the  specula¬ 
tions  of  Herschel,  Brayley,  and  other  writers,  have  attracted  atten¬ 
tion  to  the  similarity  of  condition  in  substances  melting  at  very 
different  temperatures,  and  possessing  very  different  physical  cha¬ 
racters  and  chemical  composition.  They  have  resulted  in  the 
division  of  substances  into  crystalloids  and  colloids.  It  is  probable 
that  whenever  iron  is  softened  by  heat  and  liquefied,  it  assumes  a 
colloidal  constitution.  Mr.  Graham  remarks  that  silicic  acid  may 
exist  in  combination  both  as  a  crystalloid  and  a  colloid,  just  as 
ice  frozen  at  32°  Fahr.  may  assume  the  vitreous  or  colloid  state  and 
is  really  ice  glass,  while  ice  frozen  at  lower  temperatures  has  all 
the  appearance  of  a  crystalloid  in  a  most  marked  manner.  Neither 
crystalloids  or  colloids  lose  their  characteristic  properties  by  being 
liquefied,  and  indeed  Graham’s  researches — have  given  us  more  pre¬ 
cise  views  of  the  characters  of  matter  passing  from  liquids  to  solids, 
and  furnish  us  with  a  nomenclature  and  a  theory  which  may  serve 
to  explain  many  metallurgical  operations.  At  what  point  the 
cast-iron  in  the  puddling  furnace  changes  from  a  crystalloid  to  a 
colloid,  or  a  mixture  of  the  two,  if  it  is  true  that  they  pass  from 
one  state  to  the  other,  is  a  subject  for  investigation  still.  In 
the  puddling  furnace  iron  first  throws  off  the  silicon  associated 
with  it  by  the  greater  affinity  of  the  silicon  for  the  other  foreign 
substances  present,  just  as  it  does  in  the  refining  process,  in 
which  no  doubt  it  is  aided  by  the  lightness  and  the  greater  fusi¬ 
bility  of  certain  compounds  of  silicon ;  and  the  abstraction  of  the 
carbon  from  the  melted  iron  would  be  due  to  the  greater  affinity 
of  the  carbon  at  a  high  temperature  for  the  gases  in  contact  with  it, 
than  for  iron.  The  action  must  be  a  gradual  one,  or  it  could  not 
be  arrested  at  pleasure.  About  4£  cwt.  of  iron  are  generally  worked 
at  a  time,  aud  this  quantity  is  generally  divided  into  two,  four,  or 
six  balls  by  the  workman  for  the  purpose  of  exposing  every  part  to 
the  flame,  which  has  to  oxidize  the  carbon  and  to  reduce  the  oxide  of 
iron  if  anyis  present.  According  to  the  quantity  of  carbon  removed, 
we  have  puddled  steel,  homogeneous  iron,  or  pure  iron.  The  plan  fol¬ 
lowed  in  making  large  blooms  of  non-fibrous  material  is  to  join  two 
balls  together  under  the  shingling  hammer,  and  then  to  add  this  pair 
to  another  pair,  and  so  on,  thus  obtaining  large  masses  of  iron  break¬ 
ing  with  a  non-fibrous  fracture.  There  are  examples  in  the  Exhibition 
of  Firth’s  puddled  steel,  Lord  Ward’s  puddled  iron  or  homogeneous 
metal,  and  many  other  varieties  due  to  modifications  of  the  process 
of  puddling  and  hammering,  in  which  the  object  has  been  to  avoid  a 
fibrous  structure  for  rails,  which  is  undesirable  on  account  of  the 
tendency  to  lamination  it  induces.  These  are  accompanied  by  speci¬ 
mens  of  iron  the  fracture  of  which  exhibits  remarkable  fibre,  which  is 
obtained  by  rolling  and  piling  several  times  until  a  thoroughly  fibrous 
iron  is  produced.  The  abstraction  of  carbon  from  the  iron  which 
is  being  puddled,  is  the  converse  operation  to  that  which  takes  place 
in  the  steel  converting  oven. 

The  cementation  process  in  steel  making  can  be  regulated  with 
the  greatest  accuracy,  so  that  the  carbon  may  enter  only  a  specified 
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distance  from  the  surface  of  the  bar-iron,  or  any  specified  per  cent- 
age  of  carbon  may  be  diffused  through  the  whole  substance  of  the 
bar-iron.  In  the  process  of  converting  cast-iron  into  what  is  called 
malleable-iron,  the  cast-iron  is  annealed  at  a  high  temperature  in 
presence  of  oxide  of  iron,  and  the  carbon  is  abstracted,  but  only  to 
a  certain  depth  from  the  surface,  owing  to  its  greater  affinity  for  the 
heated  peroxide  of  iron  than  for  the  pure  iron  it  has  been  combined 
with. 

It  is  probably  because  iron  when  heated  assumes  the  colloid  con¬ 
dition  that  it  is  peculiarly  fit  for  uniting  together  by  welding  in  masses ; 
for  the  hardness  of  the  crystalloid  with  its  crystalloid  planes  and 
angles  is  replaced  in  the  colloid  by  a  degree  of  softness  with  a  more 
or  less  rounded  outline,  and  therefore  it  does  not  necessarily  follow 
tliat  a  mass  of  wrought-iron,  although  composed  of  pieces  united 
together,  is  necessarily  weaker  in  the  junction  than  in  the  substance 
of  the  pieces. 

Many  manufacturers  prefer  doubling  iron  in  the  ball  state  to  unit¬ 
ing  it  afterwards  in  piles  or  in  slabs,  thinking  they  get  greater  solidity. 
This  is  matter  of  opinion,  and  we  may  remark  that  the  Lowmoor 
Company,  and  other  makers  of  the  best  Yorkshire  iron,  think  it 
important  to  break  up  the  puddle  blocks  into  small  pieces,  in  order 
to  examine  the  fracture  of  every  small  piece.  They  therefore  trust 
entirely  to  the  skill  of  their  workmen  in  welding  together  these  small 
pieces  afterwards,  and  succeed  in  making  iron  which  is  to  be  de¬ 
pended  upon  with  the  greatest  certainty. 

Success  depends  upon  the  skill  of  the  overlookers  and  the  work¬ 
men,  the  good  construction  of  the  furnaces,  pure  materials,  and  good 
discipline.  It  is  too  much  the  custom  to  take  the  welding  performed 
at  a  common  forge  as  a  type  of  the  whole  art  of  welding,  while  in 
fact  such  welding  as  is  performed  in  good  iron  works  is  wrought 
under  totally  different  and  much  more  advantageous  conditions. 
The  reason  that  locomotive  and  other  engineers  almost  dispense 
with  hand  forgings  and  cut  their  wrought-iron  pieces  out  of  blocks  of 
wrought-iron  or  uses,  is  not  that  welded  iron  itself  is  an  inferior 
article,  when  heated  in  ovens  or  furnaces  properly  constructed,  but 
that  welds  made  in  a  blacksmith’s  forge  are  not  made  under  those 
conditions  which  the  process  requires  if  it  is  to  succeed  with  certainty. 
Herschel  remarked  that  welding  was  allied  to  regelation,  and  I 
give  some  notice  of  this  theory  here,  believing  that  it  has  a  wider 
application  to  the  art  of  metallurgy  than  has  hitherto  been  proved. 

Crystals  of  ice  at  certain  temperatures  can  be  united  under  pres¬ 
sure  into  a  solid  block  of  ice  in  all  respects  such  as  would  be  crys¬ 
tallized  naturally.  In  the  process  of  welding  pieces  of  iron  together, 
with  pressure  at  temperatures  far  short  of  the  melting  point  of  the 
material,  we  have  the  instance  of  a  perfect  junction  of  the  particles 
brought  into  contact  with  each  other;  and  even  if  particles  of  oxide 
of  iron  or  other  material  are  present  and  prevent  the  contact  at  first, 
the  pressure  and  high  temperature  of  the  gases  present  may  deoxidize 
the  oxide,  or  act  upon  the  foreign  matter,  so  that  the  light  oxides 
and  silicates  may  be  carried  to  the  surface  by  the  power  of  diffusion 
which  takes  place  among  colloid  bodies.  We  believe  this  is  the 
reason  why  the  tenacity  of  iron  increases  with  working  up  to  a  cer¬ 
tain  point.  Hammering  or  rolling  very  long  continued  will,  however, 
develop  a  crystalline  instead  of  a  fibrous  structure.  If  a  rail  of 
fibrous  iron  is  rolled  cold  with  a  very  severe  pinch,  it  gradually  loses 
the  fibrous  structure  and  assumes  the  crystalline  condition. 

There  are  many  examples  from  the  union  of  metals,  such  as  tin 
and  copper,  without  both  being  absolutely  melted,  that  the  cohesive 
attractions  of  many  metals  for  each  other  are  very  strong  indeed ; 
but  they  would  be  out  of  place  here,  where  all  that  is  required  is  to 
draw  attention  to  the  fact  that  certain  metals,  iron  among  the 
number,  are  capable  of  as  perfect  union  without  passing  through 
the  state  of  liquefaction  as  other  metals  are  when  fused  together. 
The  sides  of  the  coils  of  the  Armstrong  guns  are  welded  together 
into  a  cylinder  under  the  hammer  alone,  but  one  or  more  of  these 


cylinders  made  out  of  coils  are  joined  together  in  the  furnace  by 
means  of  a  screw,  and  are  afterwards  hammered  in  the  joint.  The 
only  writers  that  have  treated  on  the  subject  of  the  colloids  and 
of  regelation,  we  believe,  are  Graham,  in  the  “  Philosophical  Trans¬ 
actions,”  London,  vol.  cli.,  part  1,  page  220;  Brayley,  part  32, 
page  628,  article  “Water;”  Brayley,  “Proceedings  Royal  Society,” 
vol.  x.,  page  450. 

ARMOUR  PLATES. — The  material  employed  for  armour  plates 
by  the  five  establishments  who  have  hitherto  produced  them  in 
England  is  exclusively  British  iron,  made  from  the  ores  in  common 
use  at  the  different  works.  No  test  has  yet  been  established  except 
cold-hammering  them  over  and  listening  to  the  sound,  and  the 
simple  one  of  selecting  a  single  plate  from  a  batch,  and  refusing 
the  rest,  unless  the  sample  plate  resisted  the  impact  of  a  cannon 
ball  as  well  as  others  had  done.  The  process  of  making  the  iron 
in  each  factory  is  just  the  same  as  for  the  ordinary  boiler  plates  or 
uses,  and  the  rolls  and  hammers  hitherto  employed  are  the  ordinary 
boiler-plate  rolls  and  hammers.  I  do  not  know  that  I  can  add  to 
what  is  already  well  known  to  those  who  have  seen  the  process, 
but  give  the  result  of  some  notes  made  while  visiting  armour  plate 
works. 

Large  masses  of  wrought-iron  weighing  from  5  to  15  tons  must 
be  composed  of  small  pieces,  and  the  first  question  that  arises  is, 
Are  these  welds  or  joints,  if  they  may  be  so  called,  weaker  than 
the  unjointed  or  unwelded  portions  ?  The  answer  to  this  will  depend 
upon  what  views  we  entertain  of  welding  and  puddling. 

In  the  puddling  furnace  the  iron  plate  bottom  is  covered  with  a 
layer  of  refractory  material,  and  is  separated  from  the  furnace  by  a 
low  bridge.  The  pig  or  refined  iron,  or  both  mixed,  is  melted  on 
this  by  the  heat  given  off  by  the  fuel  on  the  other  side  over  the 
bridge,  in  an  ordinary  reverberatory  furnace.  The  action  of  gases 
in  such  furnaces  has  been  explained  by  Leplay,  Percy,  and  other 
writers. 

The  object  of  the  manufacturer  is  to  prepare  an  armour  plate 
in  which  the  iron,  necessarily  fibrous  from  the  rolling  and  ham¬ 
mering  it  must  undergo,  should  have  the  fibres  crossing  in  all 
directions,  so  that  there  should  be  no  planes  of  weakness.  This 
is  obtained  by  the  following  treatment : — The  charge  of  puddling  fur¬ 
nace,  cwt.  each,  is  made  into  balls  1 J  cwt.  each.  Two  of  these  balls 
are  doubled  together  and  then  made  into  a  bloom  of  3  cwt.  under 
the  tilt  hammer.  This  is  better  than  the  steam  hammer,  because 
the  blow  is  a  certain  one  from  the  tilt  while  the  steam  hammers 
man  may  give  too  light  a  blow  with  his  machine.  The  blooms 
are  then  reheated  and  rolled  out  into  strips  5  inches  wide,  J  inch  thick, 
and  cut  into  three  or  four  pieces  weighing  ^  cwt.  each  ready  for 
piling,  which  gives  an  opportunity  of  examining  the  quality,  which 
is  now  equal  to  best  iron.  Two  or  three  of  these  pieces  of  best 
iron,  weighing  1J  cwt.  together,  are  piled  with  two  or  three  similar 
shaped  pieces  of  scrap  bar,  making  a  bloom  or  bar  weighing  2J 
cwt.  The  scrap  bar  just  mentioned  is  made  out  of  pieces  of  scrap 
iron  piled  together,  and  heated  in  the  scrap  ball  furnace.  The 
scrap  ball  is  then  hammered  under  the  tilt  and  rolled  out  into  bar 
5  or  10  inches  wide  and  J  inch  thick,  and  is  cut  up  into  pieces ; 
having  been  worked  at  least  once  more  than  the  puddled  bar,  it  is 
equal  to  best  best  iron.  This  2J  cwt.  bloom  is  heated  and  rolled 
into  a  quarter  slab,  say  3  feet  X  3  feet  by  g  inch,  and  the  edges 
trimmed  so  as  to  weigh  2  cwt.,  the  quality  being  up  to  the  standard 
of  three  times  best  iron.  Four  of  these  quarter  slabs  are  heated 
and  rolled  together  into  a  slab  8  feet  X  4  feet  3  inches  and  1  inch 
thick,  which  will  now  be  of  the  quality  four  times  best,  and  weigh¬ 
ing  7  or  8  cwt.  Four  of  these  slabs  are  heated  together,  and  rolled 
into  a  mould  10  feet  X  4  feet  3  inches  X  1|  inch,  making  the 
quality  five  times  best  and  the  weight  26  cwt.  Four  moulds  weigh¬ 
ing  1£  ton  each,  are  heated  and  rolled,  and  from  a  thickness  of  6 
inches  and  length  of  10  feet  they  are  reduced  to  4J  inches  and  extended 
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to  12  or  14  feet  in  length.  It  is  necessary  to  pass  the  plate  through 
the  rolls  two  or  three  times,  which  occupies  less  than  a  minute  for 
each  rolling,  notwithstanding  the  weight  of  the,  plate  and  that  the 
rolls  are  stopped  in  order  to  reverse  them,  so  as  to  avoid  lifting  the 
plate  above  the  rolls,  which  would  be  extremely  inconvenient.  The 
quality  will  have  arrived  at  six  times  best,  for  all  the  iron  that  is 
in  it ;  the  scrap  portion  is  still  higher.  It  is  not  usual  to  go  further 
than  best  best,  in  commercial  language,  but  it  is  important  to  record 
the  number  of  workings  on  this  occasion.  There  is  no  doubt  that 
good  iron  improves  by  heating  and  working  up  to  six  or  eight 
times,  but  deteriorates  afterwards.  By  using  larger  blooms  in  the 
first  instance  two  heatings  may  be  saved. 

When  scrap  alone  is  used  armour  plates  are  made  in  a  different 
manner,  which  I  will  now  describe.  The  scrap  is  carefully 
selected,  heated  in  the  scrap  ball  furnace,  rolled  and  cut  up  into 
short  lengths.  This  is  piled  and  rolled  out  into  scrap  bars, 
reheated,  doubled,  and  rolled  out  into  slabs  weighing  5  cwt.  each, 
and  1£  inch  to  2  inches  thick.  Five  of  these  are  heated  and 
hammered  together,  and  welded  to  a  large  bar  of  iron  attached 
to  a  crane  which  traverses  from  the  heating  furnace  to  a  5  or  7  ton 
hammer.  These  slabs  are  reduced  by  hammering  to  a  single  homo¬ 
geneous  mass,  which  we  will  call  mould  No.  1,  of  the  proper  thick¬ 


ness  4|  inches,  which  is  reheated  and  the  surface  smoothed,  and  the 
end  shaped  and  then  placed  in  the  fire,  so  as  to  be  ready  to  be  united  to 
a  similar  pile  of  slabs,  forming  mould  No.  2,  at  a  welding  heat 
under  the  hammer.  The  plate,  composed  of  moulds  1  and  2, 
will  now  weigh  2j  tons  when  this  welding  is  completed.  The 
surface  of  the  plate  is  smoothed  and  the  end  prepared  for  another 
addition  similar  to  that  just  described.  There  seems  to  be  no 
limit  to  the  size  of  hammered  plates,  except  that  of  the  cranes  and 
hammers  and  furnaces.  With  Mr.  Krupp’s  new  hammer,  said  to  be 
of  20  tons  weight,  armour  plates  12  inches  thick  might  be  worked, 
and  probably  much  larger  sizes  than  have  hitherto  been  attempted 
will  be  produced.  I  have  attempted  to  tabulate  the  rival  processes 
of  rolling  and  hammering  as  follows  ;  of  course  the  weights  of  the 
component  parts  will  vary  with  the  sizes  of  armour  plates  required, 
and  with  other  circumstances. 

Messrs.  Beale  of  Rotherham,  who  were  first  in  the  field,  have 
produced  the  largest  quantity  of  satisfactory  rolled  plates,  and  the 
Mersey  Forge  and  Thames  Iron  Works,  hammered  ones  of  very 
fine  quality.  John  Brown  of  Sheffield  and  the  Butterley  Company 
have  orders  for  rolled  plates,  and  have  already  delivered  some 
from  their  respective  works.  Mare  &  Company  have  orders  for 
hammered  plates,  and  have  the  capabilities  of  making  them. 


ROLLED  ARMOUR  PLATES. 


Process  No.  12  3  4  5  6  7  89 

1  Puddling 

Furnace. 

'Puddled  iron, 
4£  cwt. 

3 

Three 

blooms, 

cwt. 

Two  blooms,  heat¬ 
ed  and  puddled, 
doubled  and  rolled 
to  a  bar,  weighing 
3  cwt. 

wdghing  3  cwt  JraO  Two  pieces  pud- 
*  '  l  2  scrap  bars, 

Bloom  3  cwt., 
heated  and  rolled 
into  a  £  slab; 
weight  2.3  cwt. 
when  trimmed, 
anrl  3  ft.  0  X  3  ft. 
1  in. 

(3  times  best 
iron.) 

Four  £  slabs,  heat¬ 
ed  and  rolled  into  a 
slab,  weighing  8 
cwt.  4  ft.  0  X  4  ft. 
X  1  in.  when  trim¬ 
med.  The  £  slabs 
are  placed  alter¬ 
nately  in  the  pile, 
over  each  other, 
with  the  fibre  in 
opposite  directions. 
(4  times  best  iron.) 

Four  slabs  trim¬ 
med  and  heated, 
and  rolled  into  a 
mould;  10  ft.  X  4 
ft.  3  in.  X  l  j  in., 
weighing  about  26 
cwt. 

(5  times  best  iron.) 

Four  moulds  heat¬ 
ed  and  rolled  into 
an  armour  plate,  4£ 
in.  thick,  14  ft  X 
4  ft.  weighing,  when 
the  rough  ends  are 
cut  off  and  the  ends 
and  sides  are  plan¬ 
ed,  about  4£  tons. 

(6  times  best  iron.) 

L  s 
f"| 

Scrap  iron, 
4|  cwt. 

1  T 

3  scrap 
mrs,  1£ 
cwt. 
each. 

2  scrap  bars,  heat¬ 
ed  and  doubled,  and 
rolled;  weight  3 
cwt.  each. 

(Best  iron.) 

[  cwt.,  and  are 

1  scrap  iron  bar,l  hammered  into  a 
weighing  3  cwt., cut  1  bloom, 
into  4  pieces,  4  ft.  1  (Best  best  iron.) 
X  5  in.  J' 

HAMMERED  ARMOUR  PLATES. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Scrap  iron  piled 
and  heated  in  the 
balling  furnace, 
and  hammered 
under  the  tilt  or 
steam  hammer 
into  a  bar,  weigh¬ 
ing  1£  cwt. 

(Best  iron.) 

Two  scrap  bars 
heated  and  dou¬ 
bled  into  a  bar, 
weighing  3  cwt., 
and  rolled  out 
and  cut  up  for 
piling. 

(Best  best  iron.) 

Scrap  bars  piled, 
the  fibre  being 
arranged  in  dif¬ 
ferent  directions 
on  a  pile;  weight 
2  cwt.,  cut  into  4 
pieces. 

Scrap  bar  pile, 
heated  and  rolled 
to  a  £  slab; 
weight  2  cwt., 
and  trimmed. 

(3  times  best 
iron.) 

Four  £  slabs 
hammered  to¬ 
gether  into  a 
slab ;  weight  7 
cwt.,  If  in. 
thick  trimmed. 

(4  times  best 
iron.) 

Four  slabs  heat¬ 
ed  and  welded 
under  the  ham¬ 
mer  to  form  a 
mould  intended 
to  be  one  end  of 
an  armour  plate, 
and  weighing  1£ 
tons.  4  moulds 
formed  in  this 
manner  succes¬ 
sively. 

(5times  best  iron.) 

No.  1  mould 
reheated,  ham¬ 
mered  smooth, 
and  welded  to 
No.  2  mould, 
the  second  por- 
tionofthe  plate 
which  is  ar¬ 
ranged  so  as  to 
be  just  ready 
for  welding. 

(6  times  best 
iron.)  Weight 
2£  tons. 

The  end  of 
No.  2  mould 
reheated, 
hammered, 

<fe  smoothed, 
ready  for 

welding  to 
No.  3  mould 
just  formed. 
(6  times  best 
iron.) 

Weight  3£ 
tons. 

No.  3  mould 
reheated, 
moulded, and 
smoothed,  & 
welded  to  No. 
4  mould. 

(6  times  best 
iron.) 
Weight  5 
tons. 

No.  4  mould 
finished 
smoothing. 

(6  times  best 
iron.) 
Weight, 
planed,  4£ 
tons. 

ROLLED  TYRES  AND  RAILWAY  WHEELS  OF  CAST  STEEL. — 

There  are  two  excellent  exhibits  of  these  manufactures,  from  Krupp 
of  Essen  (2116  a),  and  Naylor  &  Vickers  (6448).  The  process  of 
Naylor  &  Vickers  is  much  more  expeditious  than  the  German  plan 
of  Krupp,  and  is,  therefore,  less  expensive.  At  Sheffield,  the  con¬ 
tents  of  a  number  of  crucibles,  holding  about  40  lbs.  each,  are  united 
in  a  ladle  and  poured  into  a  mould  of  sand  faced  with  a  particular 
mixture  of  clay  and  sand  so  as  to  form  a  ring  of  cast  steel  about  4£ 
inches  thick.  Messrs.  Naylor  employ  a  machine  made  by  Creighton 
of  Manchester  for  rolling  out  these  rings  into  tyres.  The  rolls  are 
small,  and  revolve  vertically  (not  horizontally  like  the  tyre-bending 
machines),  and  are  fixed  on  strong  shafts  projecting  outside  the 
framing  on  the  right  and  left  of  the  machine,  two  pair  of  rolls  on 
one  side,  and  three  rolls  on  the  other.  In  passing  between  the  two 
pair  of  rolls,  set  at  different  distances,  the  tyre  is  reduced  1 J  inches 
in  thickness.  It  is  then  reheated,  and  taken  to  the  right  hand  side, 
where  there  are  three  rolls  set  in  a  triangle.  One  of  them  is  on  a 
fixed  spindle,  the  other  two  on  movable  spindles,  each  of  which 


carries  a  roll.  These  are  gradually  closed  up  to  the  fixed  roll  by 
screws,  so  as  to  present  the  curve  proper  for  each  increase  in  diameter 
of  the  revolving  tyre.  The 
diameter  of  course  increases 
in  proportion  as  the  thickness 
of  the  tyre  decreases,  and  by 
the  above  arrangement  the 
exact  circular  form  is  pre¬ 
served  even  when  the  tyre  is 
of  great  dimensions.  The 
machine  weighs  about  50  tons. 

These  cast  steel  tyres  are  about 
three  times  the  price  of  best 
Yorkshire  iron  tyres,  and  those 
made  by  Krupp  in  the  fol¬ 
lowing  manner  are  still  more 
expensive  on  account  of  the 
be  an  excellent  one : — An  ingot  of  cast  steel  is  forged  into  the  shape 


Fig.  503.  Fig.  501. 


Krupp’s  Wheels. 

method  pursued,  which  appears  to 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


375 


represented  at  Fig.  503,  and  two  holes  about  2  inches  diameter  are 
drilled  or  punched  in  it  through  the  whole  thickness.  A  slot  is 
made  to  connect  these,  as  shown  in  the  figures,  and  the  block  is 
then  heated  and  opened  out  into  the  ring  of  cast  steel,  Fig.  504, 
which  is  rolled  or  hammered  into  a  tyre.  One  of  them  is  exhibited 
which  has  run  66,179  miles  on  the  Eastern  Counties  Railway,  on  an 
engine  weighing  28  tons,  the  weight  on  the  wheel  being  10  tons.  The 
largest  steel  tyre  yet  made  is  75  inches  diameter,  weighing  8£  cwt. 

In  Mr.  Krupp’s  pamphlet  he  speaks  of  the  greater  difficulty  of 
making  soft  than  hard  steel  tyres.  This  indicates  that  his  system 
of  manufacture  is  different  from  the  English  plan,  as  at  Sheffield  it  is 
as  easy  to  convert  iron  into  steel  containing  j;  per  cent,  (such  as  is 
used  for  rifles  and  revolvers)  as  it  is  to  convert  it  into  steel  with  2 
per  cent,  of  carbon,  such  as  would  be  suitable  for  edge  tools.  Mr. 
Krupp  commenced  in  his  usual  cautious  and  skilful  manner  with 
supplying  soft  cast  steel  tyres,  and  gradually  made  them  harder  as 
experience  warranted  him  in  so  doing,  reducing  his  prices  as  the 
consumption  increased. 

Messrs.  Firth  &  Sons  of  Sheffield  have  for  several  years  produced 
puddled  steel  tyres  and  axles,  which  are  sold  about  the  same  price 
as  Lowmoor  iron.  A  section  of  this  excellent  material  was  exhibited 
in  Messrs.  W.  Bird  &  Co.’s  collection  of  samples  (27).  They  com¬ 
mence  with  iron  containing  4  per  cent,  of  carbon,  and  reduce  the 
per  centage  to  1  per  cent,  or  lower  in  the  operations  of  puddling,  just 
as  may  be  required  for  the  special  purpose  the  metal  is  intended  for. 

CAST-STEEL  RAILWAY  WHEELS  are  manufactured  by  Naylor  & 
Vickers  in  the  form  shown  in  the  accompanying  section,  Fig.  505. 

The  selling  price  is  £35  per 
ton,  which  would  allow  for  a 
good  quality  of  Swedish  iron 
to  be  used,  as  there  is  no  ex¬ 
pense  of  forging  and  hammer¬ 
ing  ;  the  steel  from  the  cruci¬ 
bles  is  poured  into  a  ladle,  and 
then  direct  into  the  mould 
faced  with  a  refractory  mate¬ 
rial  which  resists  the  action 
of  melting  steel.  This  is  a 
much  cheaper  plan  of  manu¬ 
facture  than  that  employed  by  Mr.  Krupp,  who  hammers  an  ingot  of 
cast  steel  into  the  form  of  a  disc,  A,  Fig.  507,  and  then  passes  this 
through  a  pair  of  rollers,  continually  changing  the  point  of  the  cir¬ 
cumference  of  the  disc  at  which  the  steel  enters  the  rollers  first,  the 
disc  itself  is  flattened  and  extended,  the  strength  of  the  material 

being  of  course  very 
much  increased  by  being 
rolled,  while  the  boss  or 
nave  of  the  wheel  is 
brought  out  to  the  form 
due  to  the  recess  in  the 
roller,  B.  The  disc  has 
then  to  be  hammered  on 
the  edge  so  as  to  turn 
over  the  flange  shown  in 
Fig.  506,  and  to  be 
turned.  The  price  quoted 
by  Mr.  Krupp,  viz., 
£5  for  a  cast  steel  wheel 
weighing  300  lbs.,  forged 
and  finished  in  this  man¬ 
ner  out  of  an  ingot,  indi¬ 
cates  that  this  process  of 
manufacture  has  arrived  at  extraordinary  perfection  and  economy 
of  manufacture,  or  that  the  price  is  kept  down  by  the  competition 
of  cheaper  kinds  of  wheels. 


The  Bochum  Company  (1253),  Bochum,  Westphalia,  employ  a 
fine  machine  for  rolling  cast  steel  railway  wheel  tyres.  It  is  on  a 
very  large  scale,  and  somewhat  different  construction  to  Creichton’s 
machine. 

Naylor  &  Vickers  give  the  following  table  as  the  result  of  their 
experience  in  cast  steel  wheels.  It  would  be  interesting  to  have  a 
comparison  between  the  results  of  their  system  and  that  of  Krupp 
tried  in  different  ways.  The  practical  value  of  such  wheels  must 
in  great  measure  depend  upon  their  resisting  the  wear  and  shocks 
they  experience  in  travelling  over  the  permanent  way,  which  may 
not  be  proportionate  to  the  tenacity  of  the  material  when  exposed  to 
a  sudden  blow.  For  the  purpose  of  testing,  their  wheel  was  placed 
on  an  axle  firmly  fixed  ;  the  weight  was  attached  to  a  link  at  the 
lower  end  of  a  bar  of  iron,  the  upper  end  of  which  was  hinged  to 
a  beam,  and  was  24  feet  long.  The  point  of  suspension  was  exactly 
over  the  wheel.  By  means  of  a  chain  and  pulley  the  weight  could 
be  drawn  up  to  the  height  of  the  beam,  or  let  fall  at  any  intermediate 
point. 

CAST  STEEL  WHEEL, 

3  feet  2  inches  diameter,  on  a  Yorkshire  wrought-iron  axle  4  inches  diameter, 
firmly  propped.  Weight  of  ball  840  tbs. 


No.  of 

Fall  in 

Fall  in 

Permanent 

Remarks. 

Blow. 

Degrees. 

Feet- 

set  of  wheel. 

1  and  2 

33j 

4 

None. 

3 

4l| 

G 

U 

4 

53§ 

10 

U 

5 

53 1 

10 

u 

6 

6l| 

14 

u 

Crosshead  broke ;  new  one  put  in. 

7 

G4f 

14 

(( 

8 

82 

19 

u 

9 

90 

24 

u 

r 

Crosshead  broke ;  new  one  putin. 
Foundation  frame  (cast  iron) 

10 

90 

24 

“ 

broke  through  at  several  places, 
so  that  tests  could  not  be  pro- 

l 

ceeded  with. 

The  axles  from  Naylor,  Vickers,  &  Company  are  forged  out  of 
ingots,  and  one  of  them  tvas  tested  in  October  in  the  following 
manner : — ■ 

CAST  STEEL  AXLE  No.  2. 


Tested  October  3,  1801.  Diameter  of  axle  at  centre  3j§  inches.  Distance 
between  bearings  3  feet.  Weight  of  drop,  1547  lbs. 


No- of 

Height  of 

Measurement 

Impression 

Total 

Blows. 

Blow. 

Before  Blow. 

After  Blow. 

of  Blow. 

Bend. 

i 

2 

2 

5 

V-/ 

t 

i 

f 

3 

n 

/“n 

f 

4 

i 

if 

4 

1G 

'  "N 

3. 

H 

4f 

5 

15 

2  f 

v-/ 

2.3 

8-iV 

Hf 

6 

20 

J3 

ii 

n— y 

H 

3  iV 

7 

25 

2A 

m 

IGfV 

8 

30 

2rV 

v 

9i> 

Z8 

5  A 

24 

9 

3G 

2# 

w 

2§ 

5 

264 

10 

39  J 

2f 

w 

2* 

Al 

31§ 

Test  not  continued. 

11 

36 

/ 

2i 

If 

4i 

86* 

12 

39 

s  \ 

4 

H 

st 

o8 

5 

40| 

Continued 

13 

39 

H 

2| 

V—/ 

5| 

46 

October 

14 

39 

V-/ 

si 

54 

7,  1861. 

15 

39 

✓“N 

d8 

... 

... 

The  Monkbridge  Iron  Works  exhibit  specimens  of  combinations 
of  iron  and  steel  tyres  welded  by  some  particular  process,  and 
rolled  afterwards  to  any  section. 

GUNS. — The  9  inch  steel  gun  exhibited  by  Krupp,  made  out  of  an 
ingot  25  tons  weight,  is  hammered,  while  the  gun  from  the  Mersey 


Fig. 505. 


Naylor  &  Vicker's  Wheel. 


Fig.  506. 


Krupp’s  Wheel. 
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Forge  is  rolled  in  a  very  ingenious  manner,  with  Mr  Clay’s 
patent  rolling  process.  Ordinary  smooth  rolls  are  used ;  but  in 
place  of  screws  to  adjust  the  distances,  piston  rods  are  placed  above 
the  bearings  of  the  upper  roll,  and  which  piston  rods  rise  and 
fall  with  it.  These  are  attached  to  pistons  within  the  hydraulic 
cylinder  mounted  on  their  two  standards.  There  is  an  exit  pipe 
adjusted  by  a  valve,  which  permits  the  escape  of  water  from  the 
cylinder  to  be  regulated  at  pleasure.  The  cylinder  is  filled  with 
water,  and  the  rolls  are  set  so  as  to  give  the  proper  squeeze  to  the 
large  parallel  bloom  or  scrap  bar  when  pushed  between  the  rolls. 
The  valve  is  opened  as  previously  arranged  on  the  proper  ratio,  while 
the  iron  bar  is  carried  forward  at  the  same  time  through  the  rolls 
to  the  taper  intended.  The  pressure  of  the  rolls  on  the  bar  gra¬ 
dually  diminishes  in  proportion  as  the  water  escapes  from  the  cylinder 
and  allows  the  piston  to  rise.  One  of  the  ends  of  the  bar  is  thus 
very  much  reduced  in  size,  while  the  other  is  scarcely  altered.  The 
bar  is  passed  through  the  rolls  until  it  has  the  required  taper.  When 
the  muzzle  end  of  the  gun  is  of  a  different  size  and  taper  to  the 
breech  end,  as  in  Fig.  508,  then  the  rolls  must  be  stopped  by 
throwing  out  of  gear  when  the  smaller  part  is  finished  and  the  rolls 
set  for  the  next  process,  unless  the  taper  is  the  same,  or  the  arrange¬ 
ment  of  the  water  valve  is  adjusted  for  the  new  form.  The  valve 
can  then  be  adjusted,  and  the  breech  can  be  passed  through  the  same 
rolls.  The  trunnions  are  added  afterwards.  This  method  is  appli¬ 
cable  to  rolling  all  sorts  of  taper  forms.  The  excellent  plan  invented 
at  Birmingham  in  the  beginning  of  this  century  for  rolling  taper 
musket  barrels,  and  which  is  still  employed  for  the  manufacture  of 
the  Enfield  rifles,  is  well  illustrated  in  the  Exhibition  of  the  Wool¬ 
wich  factory.  The  scrap  bar  or  bloom  is  shown  in  the  different 
stages.  It  is  bent  by  passing  through  different  rollers  until  the  edges 
meet.  It  is  then  welded  and  passed  through  different  rolls  on  which 
a  series  of  hollow  taper  flutes  have  been  cast,  so  as  to  extend  the 
barrel  to  its  proper  length  and  give  it  its  proper  taper.  Of  course 
these  rollers  must  be  specially  made  for  the  particular  purposes 
required,  as  the  size  and  the  length  of  the  barrel  must  correspond 
with  those  of  the  fluting.  It  is  probable  that  the  system  of  taper 
rolling  employed  for  large  gnus  is  equally  good  for  small  pieces. 
Steel  guns  which  have  been  bought  from  Mr.  Krupp  by  foreign 
governments  at  £1200  a  piece  may  be  hereafter  produced  by 
improved  machinery  for  very  moderate  prices.  lie  has  always 
been  the  first  to  increase  the  size  of  the  machinery  for  steel  work, 
and  by  adopting  the  excellent  plan  of  at  first  charging  high  prices 
so  as  to  pay  for  the  machinery  quickly  out  of  the  profit  upon  the 
articles  sold,  he  has  been  afterwards  able  to  make  great  reductions 
in  prices,  and  to  produce  afterwards  at  a  moderate  cost. 

Mr.  Krupp’s  exhibition*  contained — 

Tyres  from  34  inches  to  58  inches  diameter,  varying  in  weight 
from  290  to  745  pounds.  These  are  shown  turned  without  a  speck 
in  them,  and  a  variety  of  artificial  fractures  are  exhibited  without 
any  flaw,  and  are  bent  cold  in  all  directions  to  show  the  flexibility 
of  the  material. 

Two  cast-steel  locomotive  axles,  with  cast-steel  wheels  and  tyres 
completed  for  running  on  railways  ;  weight  about  1550  pounds. 

A  cast-steel  locomotive  driving  axle,  with  wrought-iron  wheels 
and  cast-steel  tyres,  which  have  run  on  the  Eastern  Counties  Rail¬ 
way  66,000  miles  without  being  turned  ;  the  engine  weighing  28  tons, 
and  the  weight  on  the  wheels  being  10  tons. 

A  double  crank  propeller  shaft  for  a  Transatlantic  screw  steamer  ; 
weight  11  tons  ;  24  feet  long,  diameter  15  inches. 

An  intermediate  shaft  forging,  weight  15j  tons,  forged  with  a  50 
ton  hammer  (not  blow)  from  an  ingot  weighing  25  tons. 

The  spur  of  a  ship’s  anchor ;  weight  ^  ton. 

A  screw  propeller  9  feet  diameter,  of  cast  steel. 

A  pair  of  the  steel  rollers  hardened  and  polished  for  mint  pur- 
*  See  engraving  of  Krupp’s  trophy,  p.  177. 


poses  and  for  lace.  It  was  with  the  manufacture  of  these  small 
articles  forty  years  ago,  that  the  first  reputation  of  Mr.  Krupp  was 
obtained. 


4  pounder  muzzle-loader, 
25  pounder  breech-loader, 
40  pounder  “ 

100  pounder 


68  pounder 
—  pounder 


not  quite  finished, 


Diam.  nf  bore. 

Weight. 

Inches. 

Pounds. 

3-41 

595 

3.75 

1965 

4.75 

3612 

7-00 

7709 

8-12 

8365 

9-0 

18000 

The  whole  of  these  guns  are  finished  outside  and  inside  except 
the  two  largest,  which  could  not  be  completed  in  time. 

BESSEMER  STEEL. — By  the  experience  of  a  hundred  years  has 
sifted  out  in  all  countries  the  ores  that  yield  iron  with  steely  pro¬ 
pensities,  have  been  selected ;  and  the  produce  of  different  mines 
fetches  a  price  exactly  in  proportion  to  its  relative  value.  Haematite 
iron  is  now  introduced  into  the  rank  of  steel  irons  by  its  introduction 
for  the  Bessemer  process,  for  which  it  seems  adapted  by  its  cheapness, 
and  from  the  absence  of  sulphur  and  phosphorus,  which  are  not  en- 
tiiely  removable  by  his  method.  It  would  perhaps  be  more  correct 
to  say,  that  haematite  iron  Bessemerized  is  a  superior  iron,  rather 
than  a  true  steel,  as  it  is  always  mixed  with  iron  having  the 
steely  propensity.  It  does  not  enter  at  present  among  the  steel 
irons  which  are  sold  to  manufacturers  at  Sheffield.  The  patentee 
established  a  small  manufactory  more  for  experimental  than  manu¬ 
facturing  purposes,  and  has  rather  preferred  to  sell  manufacturing 
licenses  to  other  persons,  than  to  manufacture  himself.  An 
immense  publicity  lias  been  given  to  the  Bessemer  process,  and 
many  works  are  being  erected  abroad.  John  Brown  and  the  Wear 
Dale  Company  manufacture  certain  articles  of  Bessemer  steel.  The 
true  manufacturer,  like  Mr.  Krupp,  devotes  his  attention  to  his  works 
and  to  the  production  of  a  first-rate  article,  and  asks  at  first  a  high 
price  to  cover  his  great  expenses  ;  and  then,  as  the  demand  increases 
and  his  cost  of  production  diminishes,  he  reduces  his  prices.  Mr. 
Bessemer,  we  think  unfortunately,  astonished  the  world  with  the  low 
prices  for  what  he  described  as  an  article  competing  with  the  steels 
known  in  commerce.  The  inconveniences  of  this  plan  are  evident, 
for  his  licensee,  Mr.  Brown,  is  obliged  to  ask  a  remunerative  price 
which  was  very  difficult  to  obtain  from  the  public,  who  expected 
some  very  great  advantage  from  the  representations  made  to  them. 
The  demand  has  been  comparatively  limited  up  to  the  present  time, 
and  is  principally  for  rails,  which  are  sold  at  from  £18  to  £23  per 
ton  by  Mr.  Brown.  They  are  valuable  for  certain  purposes,  but 
come  into  competition  with  rails  (case-hardened  at  the  expense  of 
£1  per  ton),  and  also  with  steel-plated  rails.  Firth’s  puddled  steel, 
made  out  of  a  mixture  of  the  best  Rhenish  spiegel-eisen — charcoal 
smelted- — and  some  of  the  best  English  coke  -irons,  is  purchasable  at 
the  same  rate  as  Lowmoor  iron ;  and  if  there  was  much  demand 
for  steel  rails  would  no  doubt  be  employed  for  that  purpose.  Puddled 
steel  made  from  Rhenish  iron,  and  melted  on  the  Sheffield  plan,  in 
clay  crucibles,  is  supposed  to  be  the  material  employed  by  Mr. 
Krupp  for  the  wonderful  specimens  exhibited  by  him.  It  is  also 
that  used  by  the  Bocchum  Company. 

Mr.  Bessemer  also  melts  his  steel  sometimes  after  being  Besse- 
merized  in  crucibles.  I  do  not  know  which  of  his  specimens  are 
thus  produced,  as  in  his  price  lists  he  quotes  what  he  calls  direct 
steel,  as  well  as  steel,  but  there  is  no  classification  of  this  kind 
among  the  samples.  The  test  of  the  quality  of  steel  produced  by 
the  ingenious  system  patented  by  Bessemer  is,  whether  he  can  sell 
in  the  Sheffield  market  a  material  that  can  be  used  for  melting  in 
order  to  produce  the  best  qualities  of  steel.  After  long  researches 
M.  Leplay  gave  up  the  system  of  believing  the  reports  published 
upon  the  qualities  of  iron  in  France  and  other  countries,  and  their 
respective  steely  propensities,  and  accepted  the  relative  prices  paid 
for  iron  from  different  mines  as  the  criterion  of  their  respective 
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values.  The  Sheffield  merchants  are  not  interested  for  particular 
mines,  and  the  buyers  are  anxious  to  get  value  for  their  money. 
The  experience  of  more  than  a  century  has  caused  the  relative 
values  of  every  mark  of  iron  to  be  accurately  known.  The  Bessemer 
process  is  introduced  into  Sweden,  and  when  it  is  applied  to  the 
produce  of  mines  which  produce  ores  suitable  for  making  fine  steel 
if  the  Bessemer  material  is  saleable  in  the  open  market  at  Sheffield, 
it  will  be  sent  there  and  its  value  will  be  accurately  determined. 
For  a  hundred  years  government  and  other  companies  in  France 
reported,  that  French  iron  was  the  best  in  the  world  for  making 
steel.  This  was  a  mistake,  as  could  be  proved  by  French  iron 
not  being  sold  abroad  for  such  purposes.  The  French  were  all 
that  time  prevented  from  obtaining  really  good  iron  from  Sweden, 
by  this  unfortunate  prejudice  in  favour  of  their  own  productions. 
When  the  restrictions  were  withdrawn,  Swedish  iron  began  to  be 
used  in  France,  and  the  reputation  of  French  manufactured  steel 
immediately  advanced.  With  regard  to  the  applicability  of  the 
Bessemer  process  to  making  large  ingots  for  axle  cranks,  guns,  &c., 
I  understand  there  is  one  practical  difficulty  which  prevents  the 
process  from  doing  all  that  was  hoped  from  it,  which  I  hope  may 
hereafter  be  overcome.  This  arises  from  the  short  time  only  which 
elapses  for  the  decarbonized  iron  to  mix  with  the  highly  carbonized 
material,  in  order  to  produce  a  moderately  carbonized  steel  of 
uniform  character. 

The  form  of  the  vessel  renders  this  state  of  arrested  liquefaction  or 
imperfect  solidity  very  inconvenient,  as  it  might  prevent  the  metal 
being  withdrawn  altogether  if  allowed  to  set.  As  soon  as  the  colour 
of  the  flame  on  the  top  of  the  vessel  containing  the  charge  of  molten 
iron  shows  that  the  carbon  is  gone,  the  blast  is  stopped,  and  as  soon 
as  possible  a  quantity  of  fused  charcoal  iron,  such  as  the  Rhenish 
sjoiegel-eisen,  of  the  steely  propensity  of  which  we  have  already 
spoken,  is  poured  in.  The  blast  is  then  resumed,  and  the  time 
allowed  for  the  perfect  union  of  the  two  materials  is  limited  to 
the  few  moments  in  which  the  carbon  is  being  reduced  to  the  re¬ 
quired  per  centage  by  the  blast.  In  the  ordinary  cast-steel  process 
the  steel  is  not  injured  by  being  even  two  hours  in  the  crucible  in 
a  melted  state  if  it  does  not  clear  itself  earlier,  and  no  cast-steel 
maker  pours,  until  he  is  sure  that  his  steel  is  at  exactly  the  proper 
temperature  and  homogeneous,  although  he  has  only  one  kind  of 
material  in  the  pot.  These  precautions  are  much  more  difficult 
with  two  different  materials  in  a  close  vessel,  such  as  the  Bessemer 
apparatus ;  and  it  seems  requisite  for  the  perfection  of  the  operation 
that  the  iron  should  be  contained  in  a  vessel  in  which  heat  could  be 
applied  for  a  sufficient  time  to  the  vessel  by  artificial  means,  so  as 
to  give  time  for  the  perfect  union  of  the  materials.  This  would 
involve  a  near  approach  to  the  old  Sheffield  crucible  process. 

STEEL  AND  IRON  FORGING. — The  remarks  that  we  have  made 
upon  armour  plates  prevent  the  necessity  of  entering  into  much 
detail  respecting  the  preparation  of  masses  of  wrought-iron  for  the 
hammer. 

Great  progress  has  been  made  in  smith’s  work  by  workmen  in 
charge  of  steam  hammers  in  the  last  few  years.  By  providing  good 
and  numerous  heating  furnaces  near  steam  hammers,  and  by  con¬ 
fining  the  work  to  certain  descriptions  of  forgings,  great  speed  of 
manufacture  has  been  combined  with  superior  quality.  The  axle 
cranks  for  locomotives  exhibited  by  Taylor  Brothers  (350)  is  said 
to  be  only  the  work  of  half  a  day ;  but  we  must  remember  that 
axle  cranks  are  consumed  in  such  quantities  that  a  forge-master 
may  have  orders  for  a  hundred  and  fifty  on  his  books,  and  so  be 
able  to  make  the  best  arrangements  for  training  his  men  and 
arranging  his  plant.  "While  there  are  so  many  men  employed, 
and  so  many  furnaces  to  prepare  the  work  for  a  single  steam 
hammer,  it  is  economical  to  pay  a  very  high  price  for  a  smith 
who  directs  the  forging,  to  secure  a  superior  workman;  and  al¬ 
though  wages  are  extraordinarily  high  the  qualification  necessary 


is  very  high.  Taylor  Brothers  also  exhibit  some  of  the  gun  iron 
for  the  coils  of  Armstrong  guns  (Fig.  508) ;  it  is  a  mixture  of 
Yorkshire  cold  blast  and  Swedish  charcoal  pig,  mixed  in  the 
refinery  and  very  carefully  puddled.  The  fracture  is 
excellent,  and  is  more  compact  than  the  axle  bar-iron  Fls-  508- 
by  its  side.  Sometimes  Indian  is  added  to  the  Swedish. 

An  extensive  series  of  experiments  on  the  qualities  of 
wrought-iron  produced  from  mixtures  of  pig-iron  of 
different  qualities  has  been  carried  out  by  the  manu¬ 
facturers  of  the  best  Yorkshire  iron,  which  has  so  high 
a  reputation.  I  believe  that  Mr.  Taylor  was  for  many  years 
manager  or  foreman  at  Messrs.  Cooper’s  iron  works  at  Leeds, 
and  therefore  suppose  that  his  mixtures  of  iron  for  different  pur¬ 
poses  are  based  upon  the  results  of  experience  in  one  of  our  best 
iron  works.  I  do  not  at  all  know  the  proportions  of  Swedish  iron 
employed  in  the  gun  iron  used  for  the  coils  of  Armstrong  guns,  but 
from  other  sources  I  am  informed  that  an  addition  of  15  per  cent, 
of  Swedish  charcoal  pig  added  to  85  per  cent,  of  best  cold  blast 
Yorkshire  pig-iron  produces  a  very  good  result.  Steel  is  con¬ 
tinually  being  applied  to  new  purposes.  The  plant  at  Sheffield 
is  much  improved  since  1851,  and  Messrs.  Firth  &  Sons  have 
cast  ingots  of  cast-steel  up  to  five  tons  for  guns,  but  unfortunately 
no  encouragement  has  been  given  at  Woolwich  to  the  use  of 
steel,  which  is  very  much  to  be  regretted,  as  no  doubt  for 
many  ordnance  purposes  such  a  material  must  be  of  the  greatest 
value.  It  is  the  same  with  steel  barrels  for  rifles.  Sheffield  cast- 
steel  is  cut  up  into  short  lengths  of  12  inches,  bored  out  then 
heated  and  rolled  out  to  the  full  length,  and  then  rebored  and 
rifled.  The  extra  expense  of  steel  over  iron  is  very  small,  and  the 
barrel  very  superior.  I  regret  that  space  does  not  admit  of  my 
pursuing  this  interesting  subject  further. 


7.  -  PRINTING  MACHINERY  -  TYPE  FOUNDING, 
AND  TYPE  COMPOSING  AND  DISTRIBUTING 
MACHINES. 

By  E.  P.  Alexander,  C.E. 

1.  —  PRINTING  MACHINERY. 


HE  art  of  printing  with  movable  types  must 
undoubtedly  be  looked  upon  as  the  main 
cause  of  the  wonderfully  rapid  progress 
which  has  been  made  in  civilization 
during  the  last  few  centuries.  How  many 
of  the  improvements  from  which  we  draw 
comfort  and  enjoyment  during  every  hour 
of  our  existence,  would  never  have  had 
being  but  for  this  art!  How  many  of 
the  conveniences  that  merely  gratify 
the  senses — how  many  of  our  highest 
intellectual  pleasures — are  owing  in¬ 
directly  to  the  invention  of  typography !  By  this  art  has  know¬ 
ledge  been  scattered  broad-cast,  and  education  been  advanced. 
Trade  and  commerce  would  have  been  in  a  very  different  condition 
from  what  we  now  see  them,  had  printing  from  types  not  been 
invented.  It  is  by  its  means  that  the  minds  of  many  can  be  simul¬ 
taneously  concentrated  on  the  same  object — that  each  small  advance 
of  individual  enquirers  is  rapidly  communicated  to  the  others — and 
upon  these  two  points  chiefly  depends  the  discovery  of  those 
improvements  which  are  of  real  value  to  the  community.  The  rate 
of  progress  since  the  first  invention  of  printing  from  movable  types, 
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has  been  very  slow.  From  the  period  of  Guttenberg’s  grand  dis¬ 
covery,  about  the  year  1438,  to  the  close  of  the  last  century,  a 
period  of  exactly  360  years,  very  few  improvements  of  importance 
were  made  in  this  class  of  mechanism.  About  the  year  1798,  Earl 
Stanhope  applied  his  ingenious  mind  to  find  a  remedy  for  the 
defects  of  the  press  then  in  use ;  and  it  was  from  his  improvements 
that  the  various  pi-esses  now  generally  adopted  for  hand  printing,  had 
their  origin.  His  improvements,  however,  had  all  reference  to  a 
press  actuated  by  hand,  in  which  the  printing  surface  was  flat.  But 
about  this  time  the  seed  of  a  new  order  of  ideas  was  sown  by  Mr. 
William  Nicholson,  the  then  editor  of  the  Philosophical  Journal , 
who  conceived  the  plan  of  a  continuous,  self-acting,  printing  machine, 
for  which  he  obtained  a  patent  in  1790.  Mr.  Nicholson  was  un¬ 
doubtedly  the  first  to  propose  the  use  of  rotatory  cylindrical  surfaces 
in  typography  ;  but  his  ideas  do  not  appear  to  have  ever  been 
carried  out  in  practice.  His  specification  is  nevertheless  a  silent 
witness  of  the  origin  of  the  first  conception  of  a  rotatory  printing 
machine,  and  the  world  is,  in  all  probability,  indirectly  indebted  to 
Mr.  Nicholson  for  the  powerful  printing  machines  of  our  own  time. 
The  specification  of  his  patent,  which  was  filed  on  the  29th  of  May, 
1790,  describes  clearly  many  of  the  leading  characteristics  of  the  best 
machines  of  the  present  day.  For  example,  we  find  disclosed  the 
application  of  type  to  a  cylindrical  surface ;  the  use  of  a  cylinder 
for  pressing  the  sheet  against  the  type,  such  cylinder  being  in  gear 
with  the  type-drum  ;  the  employment  of  inking  and  distributing 
rollers ,  the  former  revolving  in  contact  with  the  type-drum ;  and, 
lastly,  the  continuous  action  of  the  machine,  the  type-drum  being 
rotated  in  one  direction  only  by  means  of  steam  or  other  power. 

The  annexed  illustration  (Fig.  509),  is  taken  from  the  sheet  of 
drawings  accompanying  Mr.  Nicholson’s  specification ;  the  black 
rollers  represent  the  inking  and  distributing  rollers 
Fig  509.  — the  centre  roller  is  the  type  drum,  with  a  por¬ 

tion  of  the  type  set  thereon.  In  order  to  allow 
for  the  curvature  of  the  drum,  the  types  are 
chamfered  or  tapered  slightly  towards  the  foot, 
so  that  they  may  pack  closely  together  along 
their  entire  depth.  The  inventor  also  mentions 
the  application  of  plates  of  a  curved  form  to 
the  surface  of  the  drum.  The  lowest  of  the 
three  rollers  is  the  paper  cylinder  covered  with 
woollen-cloth,  and  in  gear  with  the  drum ;  the 
arrow  indicates  the  direction  of  feed  of  the  sheet. 

NlCh°Machinenntin°  For  the  first  practical  cylindrical  printing  ma¬ 
chine  driven  by  steam  power,  the  world  is  in¬ 
debted  to  Konig,  a  clockmaker  of  Saxony,  and  his  assistant, 
Baur.  The  28th  of  November,  1814,  marked  an  epoch  in  the 
annals  of  printing,  for  on  that  day  was  issued  to  the  public,  the  first 
steam-printed  copy  of  the  Times  newspaper — the  machine  employed 
being  that  of  Konig  and  Baur.  The  first  machine  erected  by  them 
threw  off  about  1 100  impressions  in  the  hour,  but  by  subsequent 
improvements  this  number  was  raised  to  2000.  In  the  meantime 
a  peculiar  printing  machine  was  patented  by  Messrs.  Donkin  and 
Bacon  (in  1813),  in  which  they  sought  to  obtain  the  advantages  of 
a  rotatory  printing  surface,  without  the  inconveniences  of  cylindri- 
cally  arranged  type.  With  this  view  they  disposed  the  type  on 
the  flat  sides  of  a  revolving  prism,  the  inking  rollers  being  made 
to  rise  and  fall  with  the  rotation  of  the  prism,  while  the  sheet  to 
be  printed  was  passed  over  another  revolving  prism,  so  shaped  as 
to  accommodate  itself  to  the  eccentricities  or  angles  of  the  type 
prism.  A  machine  of  this  description  was  erected  for  the  university 
of  Cambridge,  but  it  never  came  into  general  use.  Although  this 
machine  may  have  been  of  little  practical  utility,  it  contained, 
nevertheless,  one  of  the  most  important  discoveries  in  modern 
typography — namely,  the  composition  roller.  This  machine  was 
the  first  in  which  elastic  inking  rollers,  composed  of  a  mixture  of 


glue  and  treacle,  were  employed,  and  without  which  the  art  could 
never  have  attained  its  present  state  of  perfection. 

In  1815  Messrs.  Cowper  &  Applegath  patented  some  ingenious 
improvements  in  cylinder  printing  machines,  but  the  increased 
powers  of  production  required  by  the  newspaper  press  of  the  day 
called  forth  fresh  energy  on  the  part  of  inventors;  and  in  1827  the 
old  Times  machine  of  Konig,  producing  about  2000  impressions  per 
hour  was  replaced  by  &  four-cylinder  machine,  designed  by  Cowper 
&  Applegath,  throwing  off  from  4000  to  5000  impressions  in  the 
same  time.  This  machine  was  used  in  printing  the  Times  up  to 
1848,  when  the  demand  was  again  found  to  exceed  the  supply,  and 
an  eight-feeder  vertical  printing  machine  was  erected  by  Mr. 
Applegath.  The  type  in  this  machine  is  carried  in  vertical  columns 
round  a  large  central  vertical  type  drum,  and  the  sheets  supplied  from 
eight  tables  simultaneously  and  carried  along  radiating  tapes  between 
the  several  impressing  cylinders  and  the  type,  thus  producing  eight 
simultaneous  impressions,  or  about  12,000  sheets  per  hour.  One  of 
these  machines  is  now  employed  in  printing  the  Times'  supplement, 
the  main  body  being  printed  by  two  powerful  ten-cylinder  machines, 
made  by  Hoe  &  Company  of  New  York.  The  Hoe  machines  are 
employed  also  in  printing  the  Daily  Telegraph,  and  a  beautifully- 
executed  working  model  (of  which  more  hereafter)  has  been  placed 
in  the  Exhibition  by  the  maker,  Mr.  E.  E.  Colley  of  Walworth.  Each 
of  these  two  machines  are  capable  of  throwing  off  from  18,000  to 
20,000  impressions  per  hour !  Having  thus  briefly  sketched  the 
progress  of  typographic  machinery,  we  will  now  proceed  to  notice 
the  specimens  which  are  offered  to  public  inspection  in  the  Inter¬ 
national  Exhibition.  Commencing  with  the  better  class  of  British 
machines,  we  will  first  direct  attention  to 

HOE’S  MACHINE  (1572). — This  machine  is  not  unlike  in  general 
appearance  what  Applegath’s  vertical  cylinder  machine  would  be  if 
placed  on  its  side,  that  is,  with  its  cylinders  horizontal  in  place  of 
vertical.  The  model  *  exhibited  is  provided  with  ten  impression 
cylinders,  as  used  for  the  Times  and  Daily  Telegraph,  being  capable 
of  throwing  off  ten  impressions  at  each  revolution  of  the  type  drum. 
We  gather  the  following  particulars  from  the  specification  of  the 
original  patent  granted  to  Mr.  Newton.  The  forms  of  type  are  so 
arranged  round  the  surface  of  the  drum  as  to  leave  blank  portions, 
which  serve  as  distributing  tables  for  the  ink.  The  inking  rollers, 
which  are  disposed  in  sets  round  the  large  drum,  and  the  transferring 
roller  of  the  inking  apparatus,  receive  a  vibratory  motion  towards 
and  from  the  centre  of  the  drum,  so  that  they  press  upon  those  por¬ 
tions  of  the  drum  which  act  as  distributing  tables  as  they  pass,  and 
are  then  thrown  out  sufficiently  far  from  the  centre  to  transfer  the 
ink  to  the  forms  of  types,  which  project  slightly  beyond  the  sur¬ 
face  of  the  parts  forming  the  distributing  tables.  Another  plan, 
however,  is  to  employ  a  separate  inking  apparatus,  placed  in  each 
space  between  the  several  impression  cylinders,  in  which  case  the 
distributing  surface  is  dispensed  with.  A  slow  continuous  rotatory 
motion  is  imparted  to  the  “  ductor”  roller  in  lieu  of  the  usual 
intermittent  rotatory  motion,  the  object  being  to  insure  greater 
regularity  in  the  transmission  of  the  ink  to  the  “  taking  up”  roller, 
and  thence  to  the  distributing  roller  and  table.  The  types  are 
secured  on  to  the  cylindrical  bed  by  means  of  column  rules  made 
thicker  at  the  outer  than  at  the  inner  part,  so  that  the  sides  of  any 
two  of  them  are  always  parallel  with  each  other,  thereby  holding 
the  column  of  types  as  tight  at  the  top  as  at  the  base.  These  rules 
are  made  with  projections  on  the  lower  edge,  whereby  they  may  be 
held  down  from  below  in  such  a  manner  that  the  columns  of  types, 
Vith  the  rules  supporting  them,  may  be  afterwards  pressed  together 
laterally  by  screws  or  wedges  at  the  side  of  the  bed  in  the  usual 
manner,  without  the  risk  of  breaking  or  bending  the  rules.  The 
type  drum  is  driven  direct  from  a  driving  shaft  below,  provided 
with  a  pinion  which  gears  into  a  large  spur  wheel  fast  on  the  axis 
*  See  engraving  at  foot  of  p.  389. 
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of  the  drum.  As  the  drum  rotates,  the  type  is  carried  in  succession 
under  the  ten  impression  cylinders,  arranged  at  suitable  intervals 
round  it,  to  give  the  impression  to  the  ten  sheets  of  paper,  which 
are  introduced  between  the  several  cylinders  and  the  type  drum  by 
the  aid  of  grippers  or  an  arrangement  of  tapes.  The  impression 
cylinders  receive  their  motion  direct  from  the  type  drum  shaft,  by 
means  of  spur  wheels  on  their  axes  gearing  in  to  the  large  spur  wheel 
on  the  drum  shaft.  Separate  inking  rollers  are  placed  between 
every  two  of  the  impression  cylinders,  provision  being  made  for 
readjustment  to  compensate  for  shrinkage  or  wear  in  the  rollers, 
A  feeding  and  a  delivering  table  is  provided  for  each  impression 
cylinder,  the  sheets  on  one  side  of  the  drum  being  supplied  from 
the  upper  tables  and  delivered  into  the  lower  ones,  this  order  being 
reversed  on  the  opposite  side  of  the  machine;  the  sheets  in  the  one  1 


tage  not  only  of  knowing  the  defects  in  the  existing  machines 
but  of  being  able  to  apply  a  remedy,  and  this  he  has  undoubtedly 
done  in  the  powerful  little  machine  under  our  notice.  Fig.  510  of 
the  illustrations  represents  a  perspective  view  of  Mr.  Bremner’s 
latest  improved  machine.  Fig.  511  is  a  longitudinal  vertical  sec¬ 
tion  of  a  portion  of  the  machine,  showing  the  mode  of  transmitting 
motion  to  the  type  table,  and  of  locking  the  cylinder.  Fig.  512  is 
a  detail  side  elevation  of  the  break  actuating  mechanism  for  che  dic¬ 
ing  the  momentum  of  the  cylinder  before  locking  the  same.  F,gs. 
513  and  514  represent  respectively  a  detail  side  elevation  and  plan 
of  the  mode  of  working  the  “vibrator;”  and  Figs.  515  and  516 
are  enlarged  details  showing  the  mode  of  adjusting  or  regulating 
the  height  of  the  “’vibrator,”  to  compensate  for  shrinkage  in  the 
composition. 


Fig.  510. 


Petter  &  Galpin’s  "Belle  Sauvage  Printing  Machine. 


case  passing  over  the  upper  surface  of  the  impression  cylinder 
downwards  between  it  and  the  type  drum,  whilst  in  the  other  case 
they  pass  under  the  lower  surface  of  the  cylinder  and  upwards 
between  it  and  the  type  drum. 

PETTER  &  GALPIN  (1685)  exhibit  in  constant  operation,  in  the 
Western  Annex,  one  of  their  admirable  cylinder  printing  machines, 
now  so  well  known  as  the  “Belle  Sauvage.”  This  machine  has 
obtained  the  award  of  honourable  mention  only,  although  it  well 
merits  a  medal.  Mr.  S.  Bremner,  the  manager  of  Messrs.  Petter 
&  Galpin’s  extensive  printing  establishment,  is  the  inventor  and 
patentee  of  the  “Belle  Sauvage.”  Being  a  thoroughly  practical 
printer,  as  well  as  an  engineer,  Mr.  Bremner  has  had  the  advan- 


The  main  framing  of  the  machine  is  composed  of  cast-iron  side 
and  end  standards  of  a  new  and  elegant  design,  bolted  rectangularly, 
and  having  two  inner  frames  or  parallel  bearing  rails,  A  (Fig.  511), 
bolted  inside  thereof.  B  is  the  main  driving  shaft,  working  in  bear¬ 
ings  bolted  to  one  end  of  the  main  framing,  and  provided  with  a  fly 
wheel,  and  fast  and  loose  driving  pulleys.  C  represents  one  of  a 
pair  of  spur  pinions  keyed  on  to  the  driving  shaft,  and  gearing  into 
corresponding  spur  wheels,  d,  fast  on  the  second  motion  shaft,  E, 
which  works  in  bearings  bolted  to  one  of  the  end  standards  of  the 
main  framing.  Each  of  these  spur  wheels  is  provided  with  a  crank 
pin,  F,  as  shown  in  Fig.  511;  or  the  cranks  may  be  formed  on  the 
ends  of  the  second  motion  shaft.  To  these  cranks  are  jointed  two 
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connecting  rods,  G,  their  opposite  ends  being  connected  to  slots  in 
the  two  vibrating  or  rocking  arms,  H,  which  are  keyed  at  their 
lower  extremities  on  to  a  rocking  shaft,  supported  in  bearings  on  the 
lower  portion  of  the  inner  frames,  A,  whilst  their  upper  ends  are 


Fig.  511. 


Longitudinal  Section — Belle  Sauvagi  Machine. 

each  connected  to  a  short  link,  I,  jointed  to  the  ends  of  one  of  a 
series  of  four  axles,  forming  part  of  the  carriage,  K.  This  carriage 
is  provided  with  a  series  of  wheels,  L,  running  along  guiding 
grooves  formed  on  the  surfaces  of  the  frames,  A ;  and  upon  the 
upper  surfaces  of  these  wheels  runs  the  type  table,  M,  which  is  grooved 
on  the  underside  to  receive  the  peripheries  of  the  wheels.  To  one 
of  the  axles  are  keyed  a  pair  of  spur  wheels,  N,  which  run  upon  and 
gear  with  the  horizontal  racks,  o,  bolted  to  the  inner  sides  of  the 
frames,  A,  whilst  their  upper  surfaces  gear  into  corresponding  racks, 
p,  secured  to  the  underside  of  the  type  table.  On  imparting  a 
vibratory  or  oscillating  motion  to  the  rocking  levers,  n,  from  the 
crank  pins,  the  carriage  will  be  caused  to  run  to  and  fro  along  its 
guiding  rails,  and  a  rotatory  motion  will,  at  the  same  time,  be 
imparted  to  the  two  spur  wheels,  N,  by  gearing  with  the  racks,  o, 
this  rotatory  motion  imparts  a  rectilinear  motion  to  the  type 
table,  through  the  racks,  p,  which  also  gear  with  the  wheels,  N.  By 
this  combination  of  mechanism  it  is  obvious  that  the  traverse  of  the 
type  table  will  be  considerably  augmented,  being,  in  fact,  double  the 
throw  of  the  upper  ends  of  the  levers,  H,  whilst  at  the  same  time 
the  speed  of  the  traverse  will  be  greatly  increased,  thereby  enabling 
smaller  cranks  to  be  used,  and  allowing  of  the  driving  shaft  of  the 
machine  to  be  worked  at  a  reduced  speed,  both  of  which  advantages 
are  of  considerable  importance  in  this  class  of  machinery.  The 
slots  in  the  lever  arms,  H,  where  the  connecting  rods  are  jointed 
thereto,  admit  of  the  traverse  of  the  type  table  being  adjusted  to  the 
greatest  nicety,  as  it  is  simply  requisite  to  raise  or  lower  the  con¬ 
necting  point  to  vary  the  traverse  of  the  type  table.  M  is  the  impres¬ 
sion  cylinder ;  it  is  provided  at  one  end  with  the  ordinary  toothed 
segment  wheel,  R,  which  gears  with  the  rack,  S,  on  the  upper  sur¬ 
face  of  the  type  table,  for  the  purpose  of  receiving  a  rotatory  motion 
when  the  table  is  passing  under  it,  to  make  an  impression,  as  is 
usual  in  printing  machines  of  this  description.  A  sliding  bolt  or 
catch,  T,  is  used,  which  is  depressed  so  as  to  bring  a  tooth  into  a 
notch  in  the  rim  of  the  spur  segment  wheel,  just  as  the  form 
completes  its  forward  traverse  with  the  printed  sheet,  and  remains 
in  that  locked  position  whilst  the  form  is  being  run  back  again 
to  receive  the  plain  sheet,  consequently,  the  cylinder  is  held  per¬ 
fectly  fixed  or  locked  in  its  proper  position  during  this  movement  of 
the  type  table.  Just  before  the  form  has  arrived  at  the  end  of 
its  back  or  return  stroke,  the  tooth  of  the  catch  or  bolt,  T,  is  elevated 
or  raised  clear  of  the  notch  in  the  wheel,  r;  but  the  cylinder  is  still 
kept  locked  by  reason  of  certain  projections  on  the  segment  wheel, 
situate  one  on  each  side  of  the  head  of  the  locking  bolt,  and  conse¬ 


quently,  preventing  the  cylinder  from  turning  in  either  direction 
during  the  rising  of  the  bolt ;  but  as  the  type  table  continues  to 
advance,  the  bolt,  T,  rises  clear  of  the  projections ;  and  when  the 
table  returns  with  the  plain  sheet,  the  elevated  position  of  the  catch 
or  bolt,  T,  admits  of  the  free  rotation  of  the  impression  cylinder. 
Motion  is  imparted  to  the  catch  or  bolt,  T,  at  the  proper  times, 
by  a  rim,  u,  on  the  cam,  V,  keyed  on  to  one  end  of  the  rocking 
shaft  of  the  lever  arms.  This  cam  acts  upon  a  lever,  w,  which 
gives  motion  to  the  vertical  sliding  bolt,  T.  Inclines  are  made 
on  the  projections  before  referred  to,  for  the  purpose  of  insuring 
the  return  of  the  catch  to  its  proper  position  again,  should,  by 
any  chance,  the  cam  not  act  properly,  or  in  case  the  cylinder 
has  become  misplaced  as  regards  the  proper  tooth  in  the  rack,  s. 

In  combination  with  this  locking  bolt,  a  break  strap,  x 
(Fig.  5 12),  is  used,  which  embraces  a  break  drum  on  one  end 
of  the  cylinder.  This  strap  is  fixed  at  one  extremity  to  the  side 
of  one  of  the  plummer  blocks  which  support  the  cylinder,  whilst 
its  opposite  end  is  connected  to  a  rod,  Y,  jointed  at  the  lower 
extremity  to  a  lever,  z.  This  lever  works  on  a  fixed  centre,  a, 
and  is  depressed  so  as  to  tighten  and  apply  the  break  strap 
just  before  the  bolt  operates,  by  means  of  an  adjustable  screw 
fitted  to  a  lug,  b,  attached  to  the  lower  end  of  one  of  the  lever 
a"ms,  h.  This  screw  strikes  the  end  of  the 
lever,  z,  at  each  backward  stroke  of  the  lever 
arms,  H,  that  is  to  say,  just  as  the  form  arrives 
home  with  the  printed  sheet.  An  adjustable 
curved  or  inclined  bracket,  shown  in  Fig. 

510,  is  fitted  to  the  top  of  one  of  the  side 
standards  of  the  main  framing,  for  the  pur¬ 
pose  of  effecting  the  opening  of  the  grippers 
at  any  desired  part  of  the  revolution  of  the 
cylinder.  For  carrying  out  this  object,  a 
roller  on  the  end  of  the  arm  of  the  gripper 
bar  is  made  to  run  along  the  inner  curved 
surface  of  the  bracket,  which  has  the  effect  of 
depressing  or  partially  turning  such  arm,  and 
of  opening  the  grippers  accordingly.  By 
setting  the  curved  surface  nearer  to  or  further 
from  the  cylinder  or  gripper  bar  arm,  facility 
is  afforded  for  regulating  the  opening  of  the 
grippers  at  anj'  desired  point  of  the  rotation 

of  the  cylinder.  c,  Figs.  513  and  514,  is  the 
“  vibrator,”  which  is  caused  to  rise  and  fall  from 
and  towards  the  inking  table  by  the  action  of  a 
cam  on  the  second  motion  shaft  of  the  machine, 
or  by  a  lever,  d,  as  shown  in  the  engravings,  which 
lever  is  centred  at  o,  and  is  connected  at  one  end 


Fig.  512. 


Detail  of  Break. 


Fig.  513. 


Fig.  515. 


Mode  of  working  the  “Vibrator.” 


Mode  of  adjusting 
the  “Vibrator.” 


to  the  rod,  /,  which  is  jointed  to  a  lever  arm,  g ,  keyed  on  to 
the  transverse  shaft,  h.  This  shaft  carries  also  a  pair  of  lever 
arms,  i,  which  support  the  axis  of  the  “  vibrator,”  and  cause  it 
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to  rise  and  fall  each  time  the  lever,  d,  is  actuated.  Motion  is 
imparted  to  this  lever  at  the  proper  times  by  a  cam  groove 
made  in  the  side  of  the  cam,  v,  on  the  rocking  shaft  above  re¬ 
ferred  to,  a  pin  in  the  end  of  the  lever,  d,  working  in  the  groove  of 
the  cam.  In  order  to  compensate  for  shrinkage  in  the  composition 
of  the  “vibrator,”  a  means  of  adjustment  of  the  lever  arms  which 
carry  this  roller  is  employed.  For  this  purpose  a  slotted  lever,  k, 
(see  side  view  and  plan  at  Figs.  515  and  516)  is  keyed  on  to  the 
shaft,  h,  by  the  side  of  another  lever,  Z,  which  is  loose  thereon,  and 
this  loose  lever  is  connected  by  a  tightening  screw  with  the  slotted 
lever,  k,  the  screw  passing  through  the  slot  and  entering  the  lever,  Z. 
By  raising  or  turning  the  position  of  the  screw  in  the  slot  by  means 
of  the  adjusting  screw,  m,  the  height  of  the  “  vibrator”  may  be 
adjusted  with  the  greatest  nicety. 

Among  the  numerous  merits  and  advantages  claimed  for  the 
“  Belle  Sauvage  ”  machine  by  the  proprietors  are 

1st.  It  occupies  but  little  space,  is  highly  finished,  and,  though 
sufficiently  light  to  admit  of  its  being  erected  in  a  press-room,  is 
strong,  powerful,  and  well-built ;  its  mechanical  arrangements  and 
working  parts  are  exceedingly  simple,  free  from  unnecessary  noise 
and  friction,  and  may  be  easily  understood  by  an  ordinary  pressman  ; 
it  requires  little  or  no  making  ready,  and  can  be  driven  with  ease 
by  hand,  or  by  steam  power,  at  the  rate  of  from  1000  to  2000  impres¬ 
sions  per  hour,  according  to  size  of  machine,  capacity  of  layer-on, 
and  class  of  work  required.  A  double  crown  “  Belle  Sauvage  ” 
machine  (size  of  the  one  in  the  Exhibition),  will  occupy  less  work¬ 
ing  space  than  a  double-crown  press,  do  six  times  the  amount  of 
work,  and  save  75  per  cent,  in  cost  and  labour,  thus  clearly  super¬ 
seding  the  hand-press. 


ments,  such  as  bands,  guts,  chains,  bevel-wheels,  sun-and-planet 
motions,  &c.,  &c.,  all  of  which  are  liable  to  get  out  of  order),  thereby 
materially  lessening  the  noise  and  heavy  bodily  labour  which  usually 
attend  the  working  of  machines,  diminishing  the  liability  to  accident 
and  stoppage,  and  attaining  that  firmness  and  rigidity  so  necessary 
to  good  printing. 

3rd.  The  cylinder  being  made  to  rest  while  the  plain  sheet  is 
taken  and  the  printed  one  delivered  (printed  side  upwards),  ample 
time  is  afforded  to  lay  the  sheet  correctly  up  to  the  register  gauge ; 
when  by  accident  the  sheet  (through  being  too  damp,  sticking 
together,  or  having  the  corners  turned  down)  has  not  been  laid  up 
in  time,  the  layer-on  has  it  in  his  power  to  stop  the  cylinder  without 
stopping  the  machine,  so  preventing  the  blanket  from  being  inked.  By 
this  means  also  he  is  enabled,  before  printing  the  sheet,  to  ink  the 
form  two  or  more  times  at  pleasure,  in  cases  of  posters  or  other 
heavy  solid  forms  where  more  than  an  ordinary  charge  of  colour  is 
required.  The  grippers  take  the  sheet  while  the  cylinder  is  at  rest 
(a  point  essential  to  good  register)  by  means  of  a  patent  improved 
horizontal  register  gauge,  which  is  capable  of  being  adjusted  to  any 
given  margin,  whereby  the  necessity  for  changing  the  position  of  the 
form  is  entirely  obviated.  The  register  gauge  is  carefully  arranged 
in  front  of  the  laying- on  board,  attached  to  the  gripper-bar,  and 
closes  with  the  grippers,  thus  securing  perfect  register  without 
“points.”  We  understand  that  there  are  upwards  of  200  of  these 
machines  satisfactorily  at  work  in  various  parts  of  the  country. 

MAIN’S  MACHINE  (1574),  manufactured  by  the  exhibitor,  W. 
Conisbee,  is  a  well  made  and  useful  little  machine,  and  obtained  the 
award  of  “  Honourable  mention.”  The  cylinder  is  connected  to  the 
table  by  direct  gearing,  which,  owing  to  the  cylinder  oscillating  as 


Main’s  Cylinder  Printing  Machine. 


2nd.  The  improved  reciprocating  motion  given  to  the  carriage, 
by  means  of  compound  levers  or  beams  placed  immediately  in  the 
centre  of  the  machine  and  connected  to  the  printing-table  by  well- 
fitted  horizontal  parallel  rods,  imparts  a  perfectly  steady  and  even 
movement  to  the  machine  (thus  superseding  all  objectionable  move- 


the  table  traverses,  it  never  leaves,  and  always  moves  in  unison.  The 
register  gear  is  accurately  cut  by  machinery,  so  as  to  insure  perfect 
freedom  from  slurring  and  back  play.  The  feed  table  is  provided 
with  superior  front  lays,  and  marks,  made  adjustable  to  any  length  of 
sheet  or  width  of  margin,  obviating  the  necessity  for  shifting  the  form, 
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and  enabling  two  distinct  jobs  to  be  fed  in  at  one  time.  The  marks 
project  above  the  surface  of  the  feed  table,  and  the  sheet  is  laid  when 
the  table  is  about  two  inches  from  the  cylinder.  As  the  table  is 
advanced  to  the  cylinder  the  marks  are  depressed,  so  as  to  leave  the 
sheet  free  to  be  taken  by  the  grippers.  It  has  been  found  that  by 
laying  the  sheet  away,  or  whilst  the  table  is  some  distance  from  the 
cylinder,  a  greater  rapidity  and  more  exactitude  of  feed  is  obtained. 
This  machine,  which  is  represented  at  Fig.  517,  is  said  to  be  capable 
of  throwing  off  1000  impressions  per  hour  for  the  news  and  double 
royal  sizes,  1200  to  1400  for  double  demy  and  double  ctowd,  and 
1600  to  1800  for  demy  and  foolscap. 

D.  NAPIER  &  SONS  (1669),  Lambeth  exhibit  a  double  royal 
platten  machine,  with  improved  inking  apparatus.  In  all  other 
respects  this  machine  is  of  the  ordinary  type,  but  the  inking  appa¬ 
ratus  is  modified  so  as  to  admit  of  the  form  being  passed  over  four 
times  by  the  inking  rollers  at  each  impression.  For  this  purpose 
the  distributing  rollers  are  contained  in  a  reciprocating  carriage 
travelling  to  and  fro  along  suitable  guide  rails  at  each  end  of  the 
machine.  The  rollers  are  first  run  out  to  allow  of  the  form  passing 
under  them  as  it  leaves  the  platten,  this  being  the  first  inking. 
The  second  and  third  inkings  are  obtained  by  running  the  rollers 
once  in  and  once  out  again  over  the  form,  whilst  it  remains  stationary ; 
and  the  fourth  inking  is  completed  by  the  passing  of  the  form  from 
under  the  rollers  as  it  runs  in  beneath  the  platten.  A  slow  longitudi¬ 
nal  to-and-fro  traverse  is  imparted  to  the  inking  roller  in  its  bearings, 
by  means  of  an  endless  screw  and  worm  wheel  movement  in  com¬ 
bination  with  a  crank  motion.  This  machine  is  the  only  English 
one  which  has  received  a  medal,  and  strange  to  say,  the  same  award 
was  made  to  embrace  a  bullet-making  machine  !  Now,  what  affinity 
there  can  possibly  exist  between  a  bullet-making  machine  and  a 
steam-platten  press,  we  leave  to  the  more  enlightened  Jury  who 
made  the  curious  award  to  explain.  It  seems  to  us  a  strange  con¬ 
founding  of  destruction  with  instruction. 

ROSS. — A  monster  double  cylinder  machine,  by  J.  Ross  of  Leith 
(1696),  has  obtained  honourable  mention.  It  is  provided  with  a  self¬ 
acting  set-off  sheet  apparatus,  but  contains  nothing  really  new  or 
original  in  its  construction. 

TJLLMER. — A  very  indifferently  made  single  cylinder  gripper 
machine  is  exhibited  at  work  by  E.  &  W.  Ullmer  (1730).  In  this 
machine  the  cylinder  remains  stationary,  during  the  return  of  the  table 
after  the  sheet  has  been  printed.  For  this  purpose  the  cylinder  and 
end  spur  wheel  work  separately,  a  spring  sneck  action  coupling  the 
cylinder  with  the  spur  wheel  when  the  latter  revolves  in  one  direc¬ 
tion,  but  allowing  it  to  revolve  without  the  cylinder  when  turning 
in  the  contrary  direction. 

ANNABLE  &  BLENCH  (1552)  exhibit  a  wretchedly  designed  ma¬ 
chine  designated  the  “Horizontal”  or  “  Disc-printing  Machine.”  The 
essential  improvements  which  the  exhibitors  claim  for  their  machine 
is  a  direct  action  transverse  motion  for  the  table,  consisting  of  a 
horizontal  revolving  disc,  provided  with  a  crank  pin,  which  is  coupled 
by  a  connecting  rod  to  the  underside  of  the  type  table.  The 
grippers  are  below  the  edge  of  the  cylinder,  and  the  spur  wheel  of 
the  cylinder  is  engaged  with  the  rack  by  the  action  of  a  forked 
lever  taking  into  a  pin  on  the  side  of  the  spur  wheel,  and  throwing  it 
into  gear  with  the  rack  by  being  acted  upon  by  a  cam  surface  on 
the  underside  of  the  disc.  The  sheets  are  brought  up  to  the  grip¬ 
pers  by  tilting  up  the  edge  of  the  feeding  table  by  an  incline  on 
the  type  table.  There  are  many  points  about  this  machine  which 
would  prevent  us  recommending  it  as  a  really  useful  one  for  good 
hard  work;  the  framing  is  much  too  light,  and  gives  a  ricketty 
appearance  to  the  entire  machine. 

HARRISON. — A  curiosity,  in  the  shape  of  an  electro-magnetic 
printing  press  is  to  be  found  in  the  Western  Annex,  exhibited  by  the 
inventor,  Mr.  Charles  W.  Harrison.  Fig.  518  of  the  illustrations  is 
an  end  elevation,  and  Fig.  519  a  plan,  of  this  press.  Its  leading  pecu¬ 


liarity  is  the  obtaining  of  the  pressure  by  the  action  of  two  powerful 
electro-magnets  upon  a  bar  of  soft  iron  fitted  to  the  end  of  the  com¬ 
bined  platten  and  tympan.  The  platten  is  fixed  to  a  horizontal  shaft 
in  the  centre  of  the  press,  and  turns  over  on  to  either  side,  so  as  to 
lie  alternately  upon  one  or  other  of  two  forms  placed  one  on  each 
side  of  the  shaft  upon  the  table  of  the  press.  One  form  having 
been  inked  and  the  sheet  applied,  the  platten  is  brought  down  upon 
it  by  hand ;  but 

as  it  comes  within  Fig-  318- 

the  influence  of 
the  electro-mag¬ 
nets,  they  draw 
it  down  with  con¬ 
siderable  power 
and  hold  it  firmly 
during  the  time 
the  second  form 
is  being  inked 
and  the  sheet  laid 
on,  when,  by 
touching  a  catch 
so  as  to  break  the 
electric  circuit 
with  the  battery, 
the  platten  is  im¬ 
mediately  releas¬ 
ed,  and  may  then 
be  turned  over  on 

to  the  second  Harrison’s  Electro-magnetic  Press — End  Elevation, 

form,  and  there 

held  as  before,  Flg- 519- 

whilst  the  sheet  is 
removed  from  the 
first,  and  so  on. 

The  advantages 
claimed  for  this 
species  of  press 
are  a  saving  of 
one  half  both  in 
the  first  cost  and 
in  the  working 
expenses;  greater 
rapidity  of  action; 
the  hand  power 
required  is  so 
small  that  it  can 
be  easily  worked 
by  boys  or  fe¬ 
males,  whilst  the 
cost  of  battery 
power  is  not  more 
than  a  few  pence 
per  day  for  the 
large  -  sized  ma¬ 
chine  ;  it  is  port¬ 
able,  and  may  be 
worked  in  almost 
any  situation  ;  Harrison’s  Electro-magnetic  Press — Plan, 

and  lastly,  it  is 

more  simple  in  its  construction  than  any  other  of  the  usual  mas¬ 
sive  framework  with  its  slider  platten  and  lever,  as  well  as  the 
type  carriage  being  here  entirely  dispensed  with.  We  have 
seen  this  press  in  operation,  and  can  vouch  for  its  easy  working. 
We  should  like  to  see  it  applied  on  a  larger  scale,  however,  be¬ 
fore  giving  a  decided  opinion.  We  understand  Mr.  Harrison  is 
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Fig.  520. 


now  constructing  a  large  press  on  this  principle,  but  with  the  platten 
moving  to  and  fro  in  a  manner  similar  to  a  parallel  ruler  in  lieu  of 
turning  on  a  centre.  Several  of  the  small  machines  have  already 
been  ordered  for  the  purpose  of  being  worked  by  females.  The  idea 
is  certainly  novel,  and  as  such  we  record  it  with  the  feeling  that  it 
may  probably  form  the  germ  of  other  and  more  important  improve¬ 
ments  in  this  class  of  machinery. 

The  hand-presses  exhibited  by  Messrs.  Wood  (1744),  and  Mr. 
Garrett  (1801),  are  average  specimens  of  workmanship,  without  any 
leading  features  of  novelty.  Messrs. 
Wood  exhibit  a  “  Columbian,”  by 
Hooker,  of  Old  Street  Road,  and 
have  obtained  honourable  mention ; 
and  Mr.  Garrett  is  represented  by  one 
of  his  “  imperial”  presses  (Fig.  520). 

Amongst  the  hand-presses  we  may 
also  mention  some  simple  and  effec¬ 
tive  little  presses  for  the  use  of 
exhibited  by  Holtzapffel 
&  Company.  This  press  is 
enclosed  in  a  mahogany 
case,  and  does  not  occupy 
more  standing  space 
than  11  inches  by  8 
inches.  It  is  capa¬ 
ble  of  printing  a 
page  7  inches  by  6 
inches,  and  works 
so  easily  that  a 
child  may  use  it. 
A  small  type  case 
accompanies  the 
press,  containing  a 
fount  of  about  2500 

types  arranged  in  three  drawers,  with  appropriate  divisions — a 
Fi"-.  521  fourth  drawer  serving  for  the  furni¬ 

ture,  inking  tablet,  &c.  The  whole 
of  the  necessary  tools  are  added, 
to  render  the  apparatus  complete 
in  itself.  When  closed,  the  press 
has  the  appearance  of  a  square 
mahogany  box,  the  lid  forming  the 
platten,  which  is  hinged  at  one 
end  to  the  bed.  The  pressure  is 
obtained  by  a  small  hand  lever,  so 
constructed  as  to  pass  over  the 


Garrett’s  Imperial  Press. 


for  office  or  commercial  use.  Several  of  the  larger  sizes  are  now 
employed  in  the  Government  offices  in  India. 

MILLER  &  RICHARD. — A  well-made  neat-looking  Albion  press 
(Fig.  521)  is  exhibited  by  Miller  &  Richard  (1669).  It  is  manu¬ 
factured  of  hammered  steel  in  those  parts  subject  to  the  greatest 
strain,  and  has  a  channel  through  the  beam  for  the  supply  of  oil  to 
the  “  chill  ”  or  power-yielding  portion  of  the  press. 

Whilst  noticing  the  Albion  press,  we  may  perhaps  be  permitted 
to  say  a  few  words  on  behalf  of  a  lady  exhibitor.  In  the  Pro¬ 
cesses  Court  (1634),  will  be  found  a  miniature  Albion  press,  exhi¬ 
bited  by  Mrs.  L.  Jones  of  Bradford-upon-Avon.  There  is  nothing 
new  in  the  press  itself,  unless  it  be  its  smallness,  and  therefore 
we  have  nothing  to  say  of  it.  Our  object,  is,  however,  to  encourage 
a  very  laudable  idea  which  Mrs.  Jones  has  conceived,  namely,  the 
introduction  of  the  printing  press  and  typographic  art  into  our 
homes  and  schools  as  an  intellectual  source  of  amusement  for  ladies 
and  gentlemen  during  a  leisure  hour,  and  as  an  agreeable  means  of 
instruction  for  the  young.  We  like  the  idea  much,  especially  as 
applied  to  schools ;  a  boy  would  learn  more  spelling  in  one  hour 
spent  at  the  compositor’s  desk  than  he  would  in  a  whole  week  over 
his  horn  book.  The  elegant  little  press  exhibited  is  specially  adapted 
for  ladies.  The  platten  is  10  inches  by  8,  and  the  pull  is  extremely 
light. 

RAILWAY  TICKET  PRINTING.— Close  by  the  “  Main’s  ”  machine 

there  is  a  most  in¬ 
genious  little  railway 
ticket  printing  and 
perforating  machine, 
exhibited  by  Messrs. 
Waterlow  &  Sons 
(1734).  This  ma¬ 
chine  (Fig.  522), 
which  has  obtained 
a  prize  medal,  is 
capable  of  printing, 
numbering,  and  per- 


Miller  &  Richard’s  Albion  Press. 

centre  with  very  slight  effort  on  the  part  of  the  pressman.  A 
larger  press  on  the  same  principle  is  also  exhibited  here,  suitable 


Waterlow’ s  Kail  way-ticket  Printing  Machine. 

forating  railway  tickets  at  the  rate  of  eight  thousand  per  hour. 
The  blank  tickets  are  fed  down  into  the  machine  by  a  vertical  rec- 


Fig.  523. 


tangular  open  tube  in  which  they  are  placed  one  above  another 
forming  a  pile  of  blanks.  The  lowest  blank  of  the  pile  is  pushed 
laterally  from  the  bottom  of  the  tube  into  a  groove  in  the  underside 
of  a  horizontal  fixed  plate  communicating  at  one  end  with  the 
feeding  tube,  and  at  the  other  with  a  similar  tube  into  which  the 
finished  tickets  are  received.  The  ticket  having  been  pushed  into 
its  proper  position  in  the  groove,  that  is,  immediately  over  a  pair  of 
numbering  discs,  is  numbered  at  both  ends  simultaneously  by  having 
the  discs  pressed  upwards  against  its  under  surface.  The  next 
blank  is  now  pushed  out  of  the  tube,  and  as  it  moves  forward  along 
the  groove  it  pushes  the  previous  blank,  which  has  by  this  time 
been  numbered,  onwards  to  the  middle  of  the  groove,  in  which 
position  it  is  subjected,  if  required  as  a  return  ticket ,  to  the  action 
of  a  knife,  which  partially  severs  it  transversely  in  the  middle. 
The  upward  motion  of  the  knife  is1  simultaneous  with  that  of  the 
numbering  discs,  consequently  the  second  blank  is  numbered  whilst 
the  first  is  being  perforated  and  cut.  A  third  blank  is  then  pushed 
forward  into  the  groove,  carrying  along  with  it  the  two  previous 
ones,  so  as  to  bring  the  numbered  and  perforated  blank  over  a  small 
“  form  ”  containing  the  words  to  be  printed  on  the  face  of  the  ticket, 
and  the  numbered  blank  over  the  knife,  the  last  or  third  blank 
being  left  over  the  numbering  discs.  As  the  “form”  rises  simul¬ 
taneously  with  the  knife  and  numbering  discs, 
it  follows  that  the  three  operations  of  printing, 
perforating,  and  numbering  are  all  carried 
on  at  the  same  time  upon  the  three  tickets 
separately,  there  being  always  three  tickets  f" 
in  the  groove  at  the  same  time  when  the 
machine  is  in  full  operation.  The  printed 
or  finished  ticket  is  pushed  out  of  the  groove 
by  the  entrance  of  a  fourth  ticket  therein,  at 
the  other  end,  and  forms  the  bottom  one  of 
a  rapidly  increasing  pile  of  finished  tickets  in 
the  delivery  tube. 

At  each  descent  of  the  “  form  ”  and  num¬ 
bering  discs  small  inking  rollers  are  passed 
over  them,  so  that  they  are  always  ready  for 
the  next  ticket.  Should  any  derangement 
of  the  machine  occur  by  reason  of  the  edges 
of  the  tickets  over-riding  each  other,  and  so  getting  jammed  in  the 
groove,  a  self-acting  stop  mechanism  is  instantly  brought  into  play, 
which  immediately  stops  the  machine  and  rings  a  bell  to  call  the 
attention  of  the  attendant.  These  machines  may  be  driven  with  the 
greatest  ease,  either  by  hand  or  by  power,  and  require  no  immediate 
supervision  beyond  seeing  that  a  plentiful  supply  of  blanks  is  kept 
up  in  the  feeding  tube. 

FRANCE  contributes  two  excellent  and  well-made  cylinder 
printing  machines,  exhibited  by  Alauzet  (1177),  and  Dutartre  (1178), 
of  Paris.  Both  these  machines  have  deservedly  obtained  a 
medal. 

ALAUZET. — In  Alauzet’s  machine  there  is  an  ingenious  adapta¬ 
tion  of  the  variable  motion  used  by  Whitworth  in  his  crank  planing 
machines,  viz.,  the  combination  of  a  revolving  crank  pin  with  a 
slotted  lever  arm,  the  crank  pin  traversing  the  slot  of  the  arm 
during  its  rotation,  and  imparting  alternately  a  quick  and  slow 
oscillation  thereto  (see  diagrams,  Figs.  523,  524,  and  525).  In 
adapting  this  idea  to  the  traversing  of  the  type  table,  M.  Alauzet 
connects,  by  means  of  a  long  connecting  rod,  the  underside  of  the 
table  with  the  upper  free  end  of  the  slotted  lever  arm,  the  lower 
end  working  freely  on  a  fixed  fulcrum  or  centre.  The  crank  shaft 
and  lever  are  situate  at  the  rear  end  of  the  framing,  but  do  not 
project  beyond  it,  so  that  the  compactness  of  the  machine  is  not 
destroyed.  By  this  adaptation  a  quick  motion  is  imparted  to  the 
table  when  running  out,  and  a  slow  traverse  when  the  sheet  is 
being  run  in. 


DUTARTRE. — This  is  a  two  colour  machine,  printing  on  one  side  of 
the  sheet  only.  It  has  been  awarded  a  medal  for  “exactitude  in 
printing  two  colours,”  and  certainly  we  have  never  seen  more 
accurate  registering  in  colour  printing  than  is  exhibited  by  the 
specimens  from  this  machine.  Two  cylinders  are  employed  in  con¬ 
junction  with  a  double  form  and  inking  apparatus.  A  separate  set  of 
inking  rollers,  situate  at  each  end  of  the  framing,  being  made  to 
operate  upon  each  form.  The  sheet  passes  under  the  first  cylinder, 
and  receives  its  first  impression  in  black,  say,  and  having  left  the 
form,  enters  beneath  the  second  cylinder,  and  receives  the  second 
colour  from  the  second  form.  The  sheet  is  not  reversed,  however, 
but  passes  over  a  small  intermediate  roller,  called  the  registering 
roller,  placed  between  the  two  impressing  cylinders,  its  correct 
position  being  insured  by  means  of  special  grippers,  so  that  a  perfect 
register  is  obtained — the  two  colours  being  impressed  with  the  greatest 
precision  in  their  respective  positions.  This  press  is  capable  of  pro¬ 
ducing  1000  impressions  (twice  printed)  per  hour;  it  is  particularly 
applicable  to  the  printing  of  the  red  and  black  type  of  ecclesiastical 
books  and  plain  chant  and  similar  works.  Independently  of  numerous 
improvements  in  the  various  details  which  M.  Dutartre  has  intro¬ 
duced  into  these  machines,  and  which  have  special  reference  to  he 
proper  distribution  of  the  ink  and  correct  working  of  the  grippers 


Fig.  524. 


Fig.  525. 
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Alauzet’s  Cylinder  Machine — Variable  Oscillating  Motion. 


and  registering  points,  we  may  mention  the  adaptation  of  a  friction 
break  to  the  periphery  of  the  driving  wheel,  whereby  the  immediate 
stopping  of  the  machine  is  readily  accomplished. 

NORMAND. — The  beautiful  little  models  exhibited  by  M.  F. 
Normand  of  Paris  (1179),  showing  an  improved  construction  of  the 
mechanism  for  imparting  a  perfectly  regular  rectilinear  reciprocat¬ 
ing  motion  to  the  type  table  of  perfecting  machines  are  well  worth 
the  inspection  and  study  of  our  printing-machine  makers.  This 
contrivance  is  applicable  in  all  cases  where  great  precision  and 
exactitude  are  required  in  alternating  movements  ;  but  the  table  of 
a  printing  machine  is  perhaps  the  best  illustration  of  its  application. 
One  of  the  ordinary  methods  of  imparting  an  alternating  motion  to  the 
type  table  consists  in  having  a  mangle  rack  fixed  to  the  underside 
of  the  table,  into  which  gears  a  movable  spur  pinion  alternately 
above  and  below  the  rack.  An  alternating  rectilinear  movement 
being  thus  obtained  from  the  continuous  rotatory  motion  of  the 
pinion,  this  rotatory  motion  is  transmitted  to  the  pinion  from  a 
spindle  or  shaft  which  is  provided  with  a  universal  joint  for  the 
purpose  of  allowing  of  the  displacement  of  the  pinion  above  and 
below  the  rack.  Now,  if  the  pinion  turning  with  the  shaft  makes 
one  turn  in  the  same  time  as  the  shaft,  and  still  remains  in  its 
initial  position,  the  speed  is  not  constant  at  each  instant  when  the 
two  parts  of  the  divided  shaft  are  not  in  a  straight  line,  but  varies 
with  the  position  of  the  cross-bar,  and  therefore  decreases  or  in¬ 
creases  alternately  during  the  period  of  a  revolution.  The  result  of 
this  is  that  whilst  the  cylinders,  which  are  driven  by  gearing  from 
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the  main  shaft,  rotate  in  a  perfectly  regular  manner,  so  that  the 
paper  be  reversed  and  pass  from  one  cylinder  to  the  other  without 
sliding  or  other  derangement  of  its  motion,  the  form  travels 
irregularly,  and  consequently  the  slurring  action  thus  produced 
between  the  form  and  the  paper  at  certain  points  greatly 
interferes  with  the  sharpness  and  clearness  of  the  impression,  a 
result  which  is  inevitable  from  the  defective  construction  of  the 
machine.  M.  Normand  remedies  this  defect  in  a  simple  and 
effective  manner.  For  this  purpose  he  varies  the  length  of  the 
radii  of  the  pinion  precisely  in  an  inverse  ratio  to  the  speed  of 
the  shaft  or  spindle ;  by  making  the  pinion  oval,  whilst  the  rack  is 
of  an  undulated  form  a  perfect  uniformity  in  the  rectilinear  motion 
of  the  table  is  obtained.  The  correctness  ot  this  theory  is  practi¬ 
cally  established  by  the  model,  in  which  oval  and  circular  pinions 
act  upon  separate  racks ;  in  the  one  case  the  result  is  a  perfect 
impression,  and  in  the  other  a  defective  one.  M.  Normand’s 
discovery  is  undoubtedly  one  of  the  greatest  importance  in  typo¬ 
graphy. 

ZOLLVEREIN. — We  find  some  well-made  hand  presses  (which 
have  obtained  a  medal)  exhibited  by  Dingier  &  Wolff  (172)  in  the 
Bavarian  department.  These  presses  are  fitted  with  double  and 
single  tumblers.  Heim  Brothers  (514),  Hesse  Darmstadt,  have 
also  a  well  made  double  tumbler  hand  press. 

In  concluding  our  notice  of  the  typographical  printing  machinery 
at  the  Exhibition  of  1862,  we  cannot  but  express  our  surprise  at 
the  little  that  has  really  been  done  in  this  most  important  class  of 
mechanism  since  the  first  Exhibition,  eleven  years  ago.  Viewed  as 
a  whole,  the  display  is  poor  in  the  extreme,  especially  as  regards 
English  machines ;  indeed,  the  English  makers,  with  one  or  two 
exceptions,  have  evidently  been  slumbering.  If  they  do  not  bestir 
themselves,  France,  who  is  already  a-head  of  us,  will  keep  the 
lead. 

2.— T  Y  P  E-F  OUNDIHG. 

Until  the  commencement  of  the  present  century,  the  art  of  casting 
types  in  metal  moulds  made  little  or  no  progress  from  the  period  of 
its  first  discovery  by  Peter  Schoeffer.  The  Americans  appear  to  have 
been  the  first  to  apply  any  material  improvements  to  the  metal 
hand  mould  as  used  by  Schoeffer.  By  the  addition  of  a  small  lever 
to  the  side  of  the  mould  its  manipulation  was  greatly  facilitated, 
and  its  powers  of  production  were  increased  from  about  4000  types 
per  diem  to  6000.  It  is  to  America  also  that  we  are  indebted  for 
the  application  of  the  pump  for  filling,  the  mould,  and  for  the  com¬ 
bination  of  the  pump  and  lever  mould  as  a  type  of  which  Besley’s 
is  a  good  example.  The  Germans  have  also  for  a  long  period 
devoted  a  considerable  amount  of  attention  to  the  appliances  for 
casting  types.  Indeed  it  is  difficult  to  determine  the  real  origin  of 
some  of  the  improvements,  but  it  is  admitted  generally  that  Ame¬ 
rica  and  Germany  have  done  more  for  the  type  founders’  art  than 
any  other  nation  up  to  the  period  of  1851. 

The  lever  type-mould,  known  also  as  the  American  mould ,  and 
which  is  now  being  rapidly  superseded  by  mechanical  type-found¬ 
ing  machines  driven  by  steam  power,  was  introduced  into  this 
country  about  sixty  years  ago,  and  owes  its  origin  to  Messrs.  Bin- 
ney  &  Itonaldson,  who  first  employed  it  in  their  foundry  in  Phila¬ 
delphia.  Although  this  ingenious  little  contrivance  was  a  great 
improvement  upon  the  old  method  of  casting,  both  in  point  of 
economy  and  rapidity  of  production,  yet  it  has  long  been  found  to 
be  inadequate  to  supply  the  increasing  demands  of  the  press.  By 
means  of  the  hand  mould  a  good  caster  could  not  turn  out  more 
than  from  3000  to  5000  types  per  diem,  and  these  had  then  to 
pass  through  the  several  hand  processes  of  breaking  off,  rubbing, 
setting  up,  cutting  out,  and  dressing.  Attention  was  consequently 
directed  to  the  discovery  of  some  more  rapid  means  of  produc¬ 


tion,  which  should  at  the  same  time  combine  accuracy  of  work  with 
comparatively  easy  supervision,  and  the  result  was  that  several 
type-founding  machines,  intended  to  be  driven  by  power,  were 
patented  both  in  America  and  this  country  by  different  inventors, 
with  more  or  less  success.  Attempts  have  been  made  at  casting 
several  types  at  one  operation,  but  these  were  not  found  to  give 
entire  satisfaction,  and  have  been  superseded  by  a  return  to  single¬ 
letter  casting,  assisted  by  mechanical  combinations  and  steam 
power. 

The  most  notable  examples  of  type-founding  machinery  at  the 
Exhibition,  are  the  machines  shown  in  operation  in  the  Western 
Annexd  by  R.  Besley  &  Company  (1556),  and  Messrs.  Johnson  & 
Atkinson  (1632). 

BESLEY. — This  machine  consists  of  a  type  mould  made  in 
two  parts,  on  the  principle  of  the  well-known  hand  mould ;  but 
in  place  of  being  filled  and  opened  and  closed  by  hand,  these 
operations  are  effected  by  a  simple  and  ingenious  mechanical 
contrivance.  The  mould  is  carried  on  the  upper  end  of  a  verti¬ 
cal  vibrating  lever,  which  brings  it  against  a  feeding  nozzle  in 
connection  with  a  pump  for  the  purpose  of  allowing  of  the  filling 
of  the  mould  with  molten  type  metal,  supplied  from  a  small  reser¬ 
voir  on  the  table  of  the  machine.  The  mechanism  is  so  arranged 
and  timed  that,  during  the  instant  the  back  of  the  mould  is  in 
contact  with  the  nozzle,  a  jet  of  type-metal  is  forced  into  the 
cavity  by  means  of  a  plunger,  which  is  capable  of  adjustment  so 
as  to  force  more  or  less  metal  into  the  mould  according  to  the 
size  of  the  type  to  be  cast.  The  charged  mould  immediately  recedes 
from  the  nozzle,  and  is  opened  by  a  cam  action  for  the  purpose  of 
discharging  the  type.  This  machine,  although  very  productive, 
requires,  however,  a  considerable  amount  of  experience  on  the  part 
of  the  attendant  to  insure  its  proper  working.  All  type  moulds  con¬ 
structed  on  the  principle  of  the  hand  mould,  are  liable  to  derangement 
by  the  presence  of  minute  particles  of  metal  or  dirt,  which  will  occa¬ 
sionally  intrude  themselves  between  the  two  faces  of  the  mould, 
preventing  the  mould  from  closing  properly  and  causing  a  distortion 
in  the  shape  of  the  type  body.  In  casting  by  hand  the  caster  by 
dint  of  long  training  can  detect  instantly  by  the  “  click,”  or  sound  in 
closing  the  mould,  and  by  the  feel  of  the  mould  when  he  brings  the 
parts  together,  whether  the  surfaces  are  perfectly  clean,  and  if  not 
he  carefully  brushes  them  over  before  proceeding  further.  Now, 
in  Besley’s  machine  the  same  care  and  attention  is  required  on  the 
part  of  the  attendant ;  and  hence,  although  the  casting  of  the  type 
is  carried  on  at  a  greatly  increased  rate,  or  about  twenty-five  thou¬ 
sand  per  diem,  skilled  labour  must  be  employed,  which  of  course 
detracts  to  a  certain  extent  from  economy  of  production.  The  types, 
on  leaving  Besley’s  machine,  are  in  the  same  state  as  those  made  by 
the  hand  mould,  and  consequently  have  to  undergo  all  the  subsequent 
finishing  processes  above  alluded  to. 

JOHNSON  &  ATKINSON. — The  type  casting  and  finishing  machine 
exhibited  by  the  inventors,  Messrs.  Johnson  &  Atkinson,  of  the 
Patent  Type-Founding  Company  (Limited),  is  the  most  complete 
thing  of  the  kind  ever  brought  out,  and  has  well  earned  the  prize 
medal  awarded  to  it.  In  this  machine  the  complete  manufacture  of 
finished  type  ready  for  the  printer,  after  being  “  picked,”  is  carried 
on  at  the  rate  of  thirty  thousand  per  diem.  It  consists  in  reality  of 
two  distinct  machines  combined  upon  one  bed-plate.  The  first  is  a 
casting  machine,  which  obtained  the  silver  medal  at  the  Paris  exhi¬ 
bition  in  1855  as  the  best  type-casting  machine  there;  and  the 
second  is  a  machine  for  finishing  the  cast  type  as  fast  as  they  are 
delivered  from  the  mould.  The  essential  feature  of  novelty  in  the 
casting  machine  is  the  peculiar  form  of  the  mould,  which  is  so  con¬ 
trived  that  the  “body”  of  the  type  is  produced  from  a  fixed  opening, 
and  is  therefore  perfectly  invariable  under  all  circumstances. 

The  diagrams  (Figs.  526  and  527)  illustrate  the  principle  of  the 
hand  mould  and  of  the  new  mould  invented  by  Mr.  Johnson,  and 
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show  at  a  glance  the  important  difference  between  the  two.  In  the 
hand  mould  the  cavity  in  which  the  type  is  cast  is  formed  by  two  right- 
angled  blocks  placed  face  to  face,  and  sliding  one  over  the  other  so 
as  to  be  capable  of  ad- 

Fig,  526.  justment  to  the  different  Fig.  527. 

“thicknesses”  of  type. 

So  long  as  the  two  faces 
are  in  true  contact  the 
“body”  of  the  type  will 
be  invariable ;  but  should 
any  extraneous  matter 
intrude,  the  contact  is 
no  longer  true  and  the 

,  ,  i  Johnson’s 

mould  will  IlOt  CIOSGj  Improved  Mould. 

the  result  being  a  long 
body  or  slightly  distorted  t}pe.  In  Mr.  Johnson’s  mould  the  two 
sides  which  regulate  the  “  body”  are  permanent  fixtures,  consist¬ 
ing  of  blocks  of  metal  firmly  secured  to  a  base  plate,  and  hence  no 
variation  of  the  “  body”  can  arise.  The  proper  “  thickness”  of  the  type 
is  produced  by  the  central  block,  which  slides  vertically  in  perfect 
contact  with  the  two  inner  faces  of  the  side  blocks,  and  by  the  mov¬ 
able  top  plate  sliding  longitudinally  upon  the  surface,  this  plate 
being  held  firmly  down  in  its  place  by  a  wedge  or  incline  action. 
The  height  to  which  the  central  block  rises,  or  the  “thickness”  of  the 
type,  is  controlled  by  the  interposition  of  the  matrix  as  in  the 
ordinary  plan  ;  but  in  order  to  avoid  any  irregularity  in  “thickness” 
by  the  lodgment  of  small  particles  on  that  portion  of  the  central  block 
which  comes  in  contact  with  the  matrix,  the  machine  is  made  to 
force  home  the  block  against  the  side  of  the  matrix  by  a  positive 
action,  and  then  after  such  contact  has  been  established,  to  release 
the  block  and  allow  it  to  be  held  in  its  place  by  a  powerful  spring. 

The  type-metal  is  forced  into  the  mould  direct  from  the  nozzle 
of  the  feeder  with  which  the  mould  remains  in  constant  contact. 
But  in  order  to  prevent  any  inconvenient  heating  of  the  mould  by 
means  of  its  close  and  constant  proximity  to  the  nozzle,  provision  is 
made  for  circulating  a  current  of  cold  water  through  the  principal 
portions  of  the  mould.  This,  however,  has  only  been  found  requi¬ 
site  when  casting  large-sized  type.  The  cast  type  is  pushed  out  of 
the  mould  by  the  rising  of  the  central  block,  which  carries  the  type 
with  it,  and  brings  it  in  such  a  position  as  to  enable  it  to  be  pushed 
forward  by  the  end  of  the  top  plate  as  it  advances  to  close  the  mould. 
As  each  type  is  pushed  forward,  it  enters  a  long  horizontal  groove, 
adjusted  accurately  to  the  proper  “  thickness”  of  the  type,  and  the 
series  are  pressed  onwards  to  the  finishing  instruments  by  a  weight 
and  cord.  The  tails  are  broken  off  by  causing  them  to  come  in 
contact  during  their  traverse  along  the  groove  with  a  fixed  plate  or 
“  breaker  off.”  Each  type  then  passes  in  succession  through  other 
grooves  in  the  bed-plate  of  the  machine,  in  the  sides  of  which  are 
fixed  steel  tools  which  act  as  plaues,  and  which  successively  plane 
the  different  sides  of  the  type.  When  planing  the  “  rubbed  ”  and 
the  “dressed”  sides,  each  side  is  operated  upon  in  succession;  and 
whilst  the  first  of  each  pair  of  sides  is  being  planed  the  other  is  held 
against  a  movable  edge  of  steel  which  can  be  adjusted  so  as  to 
cause  that  side  to  be  cut  more  or  less  at  the  head  or  the  foot  as  may 
be  required  to  render  the  type  true.  In  planing  the  second  of  each 
pair  of  sides,  that  side  which  has  been  made  true  by  the  first  cut  is 
held  against  a  fixed  surface  of  steel,  and  while  thus  held  is  pushed 
past  the  second  plane  iron  by  which  the  second  side  is  rendered 
perfectly  parallel  with  the  first.  This  system  of  dressing  insures 
absolute  equality,  both  in  the  “  thickness  ”  and  “  body  ”  of  the 
type  passing  through  it.  The  grooving  of  the  foot  and  the  nicking 
of  the  body  are  both  effected  by  special  cutters,  the  operations 
being  performed  as  the  type  passes  along ;  hence  by  the  time  the 
type  issues  from  the  machine,  nothing  further  is  required  except  the 
operation  of  “  picking”  before  they  are  delivered  to  the  printer. 


Fig,  526. 


SWITZERLAND.  —  We  notice  also  a  well-made  type-founding 
machine  in  the  Swiss  department  (98),  exhibited  by  the  proprietors 
of  the  Haas  Type  Foundry,  Basle.  This  machine,  which  obtained 
honourable  mention,  is  not  at  work;  but,  judging  from -its  general 
arrangement,  we  should  say  its  powers  of  production  were  by  no 
means  small.  The  mould  is  constructed  in  two  parts  on  the  prin¬ 
ciple  of  the  hand  mould,  and  is  therefore  liable  to  the  same  derang¬ 
ing  influences,  a  fact  which  necessitates  the  employment  of  skilled 
supervision.  It  is  carried  by  a  horizontal  lever,  which  brings  it  up 
to  the  filling  nozzle  in  connection  with  a  reservoir  of  molten  metal. 
This  nozzle  is  provided  with  a  plug  or  “jobber”  for  clearing  it  out 
after  every  jet,  and  for  closing  the  rear  of  the  same  when  the  metal 
runs  in.  The  mould  is  brought  up  to,  and  removed  from  the  nozzle 
by  a  cam,  and  is  opened  and  closed  by  a  separate  lever  aDd  crank 
motion. 

A  few  words  on  the  composition  of  the  type-metal  now  employed 
will  not  be  out  of  place  here. 

Up  to  the  year  1851  the  ordinary  type-metal,  consisting  of  about 


Parts. 

Lead,  ........  70 

Tin,  ........  5 

Antimony,  .......  25 


was  generally  used  by  type-founders ;  but  the  great  wear  and  tear  of 
type  occasioned  by  the  general  increase  of  periodical  literature 
necessitated  the  employment  of  an  alloy,  which,  though  still  pre¬ 
serving  its  proper  printing  qualities,  should  be  of  a  more  durable 
nature.  In  1852  Mr.  J.  R.  Johnson  patented  a  hard  metal  type 
composed  of  zinc  and  its  alloys;  but  as  this  metal  was  found  to 
oxidize  considerably  in  a  damp  atmosphere,  it  had  to  be  abandoned. 
This  gentleman  again  applied  for  a  patent  in  1854  for  a  process  of 
making  hard  type  by  substituting  tin  for  lead  either  entirely  or 
partially  in  the  ordinary  compounds.  This  metal  is  now  very 
generally  employed,  and  its  discovery  is  the  first  important  step 
made  in  this  direction.  The  type  so  made  is  harder,  tougher,  and 
more  durable  in  every  respect  than  the  ordinary  type.  In  his 
specification  Mr.  Johnson  gives  as  the  best  proportions — 


Parts. 

Tin . 75 

Antimony,  .......  25 


but  if  lead  be  also  used,  it  should  not  exceed  50  parts  in  100  of  the 
combined  metals  employed. 

The  Type  Founding  Company  manufacture  two  qualities  of 
type,  viz. — “  hard  metal  ”  and  “  extra  hard  metal  ”  type.  The 


“  hard  metal  ”  consists  of — 

Parts. 

Lead,  ........  50 

Tin,  ........  25 

Antimony,  .......  25 


This  is  intended  as  ordinary  working  type,  but  the  extra  hard, 
which  consists  of  3  parts  of  tin  to  1  part  of  antimony,  is  specially 
adapted  for  newspaper  headings,  and  all  long-standing  type.  It 
has  been  for  some  time  in  use  at  the  Bank  of  England  for  printing 
bank  notes,  which  are  now  produced  by  surface  printing,  and  has 
given  great  satisfaction.  Nearly  fifteen  months  after  the  date  of 
Mr.  Johnson’s  patent,  Mr.  Robert  Besley  obtained  a  patent  (June 
28th,  1855),  for  a  hard  alloy  applicable  to  the  casting  of  type.  In 
his  provisional  specification  he  sets  forth  the  following  ingredients, 
viz.,  lead,  regulus  of  antimony,  nickel,  copper,  zinc,  and  tin,  as 
those  to  be  employed  in  the  making  of  his  alloy ;  and  further 
adds  that  “  the  zinc  is  subjected  to  a  white  heat  to  drive  off  any 
sulphur  that  it  may  contain  !  ”  The  proportion  of  zinc  remaining 
in  the  alloy  after  such  a  process  is  not  stated.  In  the  final  specifica¬ 
tion  we  find  a  very  different  alloy  is  set  forth  as  the  best  for  the 
purpose  contemplated.  Here  the  zinc  is  omitted  entirely,  probably 
for  the  reason  that  it  declined  to  remain  after  being  subjected  to  a 
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white  heat ,  and  in  lieu  of  it  we  find  substituted  cobalt  and  bismuth, 
thus  materially  changing  the  nature  of  the  alloy.  The  proportions 
given  are  as  follows : — 


Good  virgin  lead, 
Regulus  of  antimony, 
Tin,  . 

Nickel, 

Metallic  cobalt,  . 
Copper, 

Bismuth,  . 


Parts. 

100 

30 

20 

8 

5 

8 

2 


As  good  examples  of  well-made  type,  we  may  briefly  direct 
attention  to  the  hard  metal  machine  made  and  dressed  type,  exhi¬ 
bited  by  the  Patent  Type  Founding  Company  (5273,  Class  28  C); 
the  machine  rubbed  type  of  Caslon  &  Glasgow  (5217);  the  hard 
metal  type  of  Besley  &  Company  (5208);  and  to  the  beautiful  founts 
of  V.  &  J.  Figgins  (5232);  and  of  Miller  &  Richard  (5265).  We 
have  seen  nothing,  however,  to  equal  the  elegant  specimens  of  orna¬ 
mental  type  and  printing  in  colours  exhibited  in  the  French  gallery, 
by  Mons.  Chas.  Derriey  (2739).  The  “  setting  up  ”  of  these  speci¬ 
mens  is  the  very  perfection  of  the  compositor’s  art,  and  reflects  the 
highest  credit  on  M.  Derriey,  under  whose  superintendence  they  have 
been  prepared. 


3 _ TYPE  COMPOSING  AND  DISTRIBUTING  MACHINES. 


A  considerable  number  of  inventors  have  for  many  years  directed 
their  attention  to  the  difficult  problem  of  constructing  machinery 
capable  of  accomplishing  in  a  more  rapid  and  economical  manner  the 
delicate  operations  of  the  compositor.  Type-composing  machines 
are  all  based  on 
the  principle  of  se¬ 
lecting  and  liberat¬ 
ing  each  letter  by 
depressing  a  cor¬ 
responding  key  on 
a  key  board,  simi¬ 
lar  to  the  clavier 
of  a  pianoforte. 

One  of  the  earliest 
machines  of  this 
description  was  in¬ 
troduced  by  M. 

Ballanche,  a  prin¬ 
ter  in  Lyons,  more 
than  twenty  years 
ago.  At  the  Hyde 
Park  Exhibition  of 
1851,  and  at  the 
Paris  Exposition 
of  1855,  an  ingeni¬ 
ous  type  compos¬ 
ing  and  distribut¬ 
ing  machine  was 
exhibited  by  the 
inventor  &  maker, 

M.  Sorensen,  a  workman  of  Copenhagen.  This  machine  obtained  the 
gold  medal  in  1855.  It  was  employed  for  about  two  years  in  setting 
up  and  distributing  the  type  for  the  Fcedrelavd,  one  of  the  Copen¬ 
hagen  newspapers,  but  never  came  into  general  use.  In  the  present 
Exhibition  we  have  two  examples  of  this  class  of  machines,  namely, 
Mitchell’s  and  Young’s. 

MITCHELL  (1662). — The  composing  and  distributing  machines 
exhibited  at  work  by  the  inventor,  Mr.  W.  II.  Mitchell,  obtained  a 
prize  medal.  They  are  of  American  extraction,  and  are  perfect 
specimens  of  mechanical  ingenuity.  A  tolerably  correct  notion  of 
the  general  arrangement  and  appearance  of  these  machines  will  be 


Mitchell's  Type  Composing  Machine. 


obtained  from  the  annexed  illustrations,  of  which  Fig.  528  represents 
a  perspective  view  of  the  “  compositor,”  and  Fig.  529  a  similar  view 
of  the  “distributor,”  the  two  being  totally  distinct  from  one  another. 
The  form  of  the  “compositor”  is  in  plan  a  right-angled  triangle,  placed 
horizontally,  with  a  key  board  at  one  of  the  sides  or  base,  provided 
with  thirty-nine  keys.  Each  key  when  pressed  strikes  out  a  type 
from  one  of  an  equal  number  of  brass  slides  standing  at  an  incline 
upon  the  machine  in  a  row  nearly  parallel  with  the  key  board.  The 
type  thus  liberated  is  conveyed  upon  a  band,  moving  in  a  direction 
at  right  angles  with  the  key  board  to  another  band  (forming  the 
hypothenuse  of  the  triangle)  which  carries  it  on  to  its  destination. 
On  its  arrival  here  it  is  placed  on  its  foot,  and  pushed  forward  to 
make  room  for  the  next  type,  by  the  aid  of  a  notched  or  serrated 
wheel,  called  the  “setting  wheel.”  The  words  are  thus  put  together 
with  great  rapidity  in  a  long  line  of  about  thirty  inches,  which  is 
afterwards  divided  by  the  compositor  into  lines  of  the  required 
length. 

The  essential  principle  of  this  machine  consists  in  the  combina¬ 
tion  of  bands  of  such  lengths,  and  travelling  at  such  varied  speeds 
as  will  enable  the  types  at  different  distances  from  the  wheel  to 
reach  it  in  the  order  in  which  the  keys  are  struck.  The  “  com¬ 
positor”  is  said  to  be  capable  of  setting  up  types  at  the  rate  of 
six  letters  per  second,  or  21,600  per  hour  ;  but  as  the  human  fingers 
cannot  attain  to  such  rapidity,  and  as  allowance  must  be  made  for 
the  operations  of  “justifying”  and  “correcting,”  the  work  of  an 
average  trained  operator  will  probably  not  exceed  24,000  or  25,000 
types  per  day,  which  is  about  equal  to  the  work  of  two  men  setting 
up  type  in  the  ordinary  mode.  As  each  machine  can  employ  two 

operators,  the  daily  pro¬ 
duction  is  about  50,000 
types  set  up. 

The  “distributor”  (Fig. 
529)  is  a  small  machine  of 


circular  form.  The  lines  of  type  to  be  distributed  are  placed  succes¬ 
sively  in  a  long  channel,  in  which  they  are  pressed  forward  towards  a 
vibrating  metal  “  finger.”  By  this  finger  each  type  is  separated  from 
the  line,  pushed  aside,  and  dropped  on  to  a  grooved  brass  wheel  re¬ 
volving  horizontally'.  In  the  grooves  of  this  wheel  pins  are  placed,  on 
which  the  types  are  hung  by  means  of  nicks,  the  ends  of  the  types 
projecting  below  the  uflder  surface  of  the  wheel  at  distances  varying 
according  to  the  position  of  the  nicks.  As  each  letter  arrives  over 
its  receptacle  it  is  lifted  off  its  pin,  and  dropped  into  its  place,  being 
pushed  a  little  forward  to  make  way  for  the  next  arrival.  When  the 
line  is  filled  in  this  way,  it  is  removed  by  a  boy  to  the  “  compositor.” 


Fig.  529. 


Mitchell’s  Type  Distributor. 
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The  “  distributor”  is  self-acting,  and  requires  only  the  attention 
of  a  boy.  It  distributes  eight  thousand  letters  per  hour. 

Both  machines  have  been  successfully  used  with  type  ranging 
in  size  from  great  primer  to  brevier.  They  have  been  worked  for 
several  years  in  America,  and  have  been  recently  adopted  by  the 
following  establishments : — Messrs.  Bradbury  &  Evans ;  Eyre  & 
Spottiswoode ;  Spottiswoode  &  Company ;  John  Childs  &  Son,  of 
Bungay;  Mr.  William  Mackenzie,  Glasgow;  and  the  University  Press, 
Oxford.  As  compared  with  the  present  mode 
of  type-setting,  the  following  advantages  are 
claimed  for  these  machines  : — 

1.  An  economy  of  labour  varying  from  F*D  530 
thirty  to  fifty  per  cent.,  according  to  the 
character  of  the  work. 


Young's  Type  Composer. 


Young’s  Type  Distributor. 

2.  Greater  facility  in  acquiring  the  printer’s  art,  whilst  it  renders 
his  occupation  comparatively  light  and  healthy. 


3.  Decrease  in  the  wear  of  type,  and  a  smaller  quantity  sufficient 
for  a  given  amount  of  work. 

As  a  specimen  of  work  we  refer  our  readers  to  the  elegant  pho¬ 
tographically  -  illustrated 
Bible  (5259,  Class  28  C) 
exhibited  by  Mr.  William 
Mackenzie  of  Glasgow, 
who  has  had  a  set  of 
these  machines  in  opera¬ 
tion  under  his  immediate 
superintendence  for  some 
time. 

YOUNG  (1750  Process 
Court).  —  In  this  type 
composing  machine  (Fig. 
530)  a  key -board  is  also 
employed  for  releasing 
the  types,  each  variety  of 
which  in  a  fount  are 
contained  in  separate 
“  reservoirs.”  When  a 
key  is  struck  by  the 
operator  it  pushes  a  type 
out  of  its  reservoir  by 
means  of  a  small  lever 
and  rod,  and  the  type  is 
then  caused  to  slide  down 
a  special  groove  or  chan¬ 
nel  in  an  inclined  plane, 
and  thence  into  a  re¬ 
ceiver,  where  it  is  set 
up  side  by  side  with 
other  types,  by  means  ot 
a  beater,  at  the  rate  of 
twelve  thousand  to  fifteen 
thousand  types  per  hour. 
The  necessary  quantity 
of  types  are  supplied  un¬ 
interruptedly  by  means 
of  a  boy,  who  can  attend 
to  two  composing  ma¬ 
chines  at  the  same  time. 

The  justifying  appa¬ 
ratus  is  intended  to  re¬ 
place  the  compositor’s 
stick.  The  compositor 
places  the  galley  filled 
with  the  long  lines  of 
type  set  up  by  the  com¬ 
posing  machine,  slides 
one  of  them  into  the 
apparatus,  divides  it  into 
the  proper  length  of  the 
page,  and  having  justi¬ 
fied  it,  moves  a  handle, 
which  depresses  the  com¬ 
pleted  line,  and  thus 
makes  room  fora  succeed- 
ing  one.  It  is  said  that 
a  compositor  can  by  this 
means,  justify  at  the  rate 
of  six  thousand  to  eight 
thousand  types  per  hour. 
The  distributing  machine  (Fig.  531)  separates  all  the  different 
letters  of  a  fount,  that  may  have  been  used  for  printing,  into  differ- 
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ent  channels  ready  for  use  in  the  composing  machine.  This  is 
effected  by  one  or  more  pairs  of  nippers,  which  takes  every  type 
singly  from  the  receiver  in  which  all  the  types  have  been  placed, 
and  allows  it  to  slide  down  an  inclined  plane,  the  upper  part  of  which 
moves  on  a  hinge.  The  thin  or  lower  case  types  slide  down  to  the 
bottom  of  the  fixed  inclined  plane,  but  the  thicker  or  upper  case 
letters  are  retained  on  the  movable  incline,  which,  on  being  raised, 
drops  them  into  an  appropriate  receptacle,  whence  they  are  then  taken 
and  redistributed  by  passing  down  a  separate  channel.  The  thin  or 
lower  case  letters  that  have  arrived  at  the  bottom  of  the  inclined 
plane,  are  pushed  into  the  grooves  of  a  revolving  chain.  This  chain 
in  moving  passes  underneath  plates  which  are  made  of  different 
lengths  in  order  to  cover  only  certain  nicks  cut  or  cast  on  the  edge 
of  the  types,  and  situated  in  different  parts  of  their  length,  from 
1  -1 6th  to  12-16ths  of  an  inch  from  the  tail  of  each  type.  When, 
therefore,  a  type  passes  underneath  a  plate  which  allows  its  nick  to 
be  exposed,  it  is  pushed  from  off  the  chain  by  means  of  a  scraper, 
which  passes  over  the  plate  on  to  a  tilting  inclined  plane.  This  plane, 
in  its  descent,  allows  the  type  to  slide  down,  by  means  of  an  inclined 
channel,  into  a  receiver,  where  it  is  set  up  by  means  of  a  beater,  as 
in  the  composing  machine.  The  distinguishing  nicks  are  somewhat 
like  those  used  by  typefounders  ;  about  eighty  per  cent,  of  the  types 
require  only  one  nick,  and  these  are  sorted  and  ranged  in  separate 
columns  at  the  first  operation,  whilst  the  remainder,  which  have  two 
nicks,  are  only  separated  in  the  first  instance  from  those  with  one 
nick,  and  have  to  pass  through  the  machine  a  second  time  in  order 
to  be  completely  distributed  and  ranged  in  columns  for  use  in  the 
composing  machine.  One  distributing  machine,  provided  with  eight 
nippers  and  attended  by  two  boys,  is  said  to  be  capable  of  dis¬ 
tributing  and  preparing  for  the  composing  machine  from  fourteen 
thousand  to  eighteen  thousand  types  per  hour,  and  an  additional 
distribution  of  two  thousand  five  hundred  types  per  hour  may  on  an 
average  be  added  for  every  additional  nipper. 

We  much  prefer  the  arrangement  of  Mitchell’s  machine,  how¬ 
ever,  the  sliding  of  the  types  along  inclined  plaues  is  not  so  certain 
and  regular  as  the  positive  motion  of  the  tapes. 

Both  Mitchell’s  and  Young’s  distributing  machines  require  to  have 
the  type  specially  nicked  or  prepared  for  them ;  the  composing 
machine,  however,  will  operate  if  desired  upon  ordinary  type. 

Before  closing  our  notice  of  these  exceedingly  clever  and  neces¬ 
sarily  complex  pieces  of  mechanism,  we  may  briefly  direct  attention 


to  a  simple  little  contrivance  for  making  and  setting  up  type  with 
words  at  one  operation,  exhibited  in  the  Processes  Court  (1577)  by 
Mr.  J.  Coryton  of  Chancery  Lane.  Mr.  Coryton’s  idea  is  to  stamp 
singly  the  letters  intended  to  compose  a  word  upon  the  edge  of  a 
bar  of  type  metal,  and  when  such  word  is  complete  to  cut  it  off  from 
the  end  of  the  bar,  the  part  cut  off  forming,  really  speaking,  a  “word 
type,”  in  contradistinction  to  a  single  “  letter  type.”  In  carrying 
out  this  idea  a  matrix  bar  is  first  formed,  having  all  the  letters  of 
an  alphabet  sunk  therein  by  a  suitable  steel  punch,  the  letters  being 
formed  with  their  matrical  edges  or  sides  parallel  with  the  length  of 
the  matrix  bar.  This  bar  is  fitted  into  a  transverse  slot  made  in  the 
lower  end  of  the  plunger  of  a  lever  or  fly  press,  and  is  free  to  slide 
to  or  fro  through  this  slot,  so  as  to  present  any  one  of  its  letters 
over  the  edge  of  the  bar  of  type  metal,  which  slides  forward  beneath 
it  in  a  direction  at  right  angles  to  the  matrix  bar.  The  type  metal 
bar  is  guided  accurately  in  a  groove  or  channel,  and  is  moved  for¬ 
ward  step  by  step  as  each  letter  is  stamped  upon  it  by  a  spring,  the 
forward  end  of  the  bar  abutting  always  against  a  steel  cutter  situate 
at  the  end  of  the  groove,  so  that  when  the  bar  is  brought  home  it 
will  be  in  a  proper  position  for  the  next  letter.  An  opening  is 
made  in  the  steel  cutter  sufficiently  large  only  to  allow  the  stamped 
part  of  the  bar  to  pass  through  it,  and  when  a  word  is  completed  a 
lateral  traverse  is  given  to  the  steel  cutter,  which  has  the  effect  of 
severing  the  word  from  the  end  of  the  bar.  The  selection  of  the 
proper  letters  in  the  matrix  bar  is  left  to  the  skill  of  the  operator, 
who  must  be  sufficiently  expert  to  slide  the  bar  to  or  fro  in  its 
containing  slot,  so  as  to  bring  instantly  the  desired  letter  over  the 
type  bar.  The  accuracy  of  this  adjustment  is  facilitated  bj'  having 
stops  or  pins,  which  take  into  corresponding  recesses  in  the  matrix 
bar.  The  severed  words  are  justified  in  a  grooved  chase,  and  may 
be  at  once  arranged  in  ordinary  chases  on  the  present  system.  The 
inventor  claims  economy  and  despatch  as  the  advantages  of  this 
system,  and  submits  that  so  long  as  there  is  a  supply  of  type  metal 
bars  there  will  always  be  a  supply  of  tj’pe  ;  that  to  the  rapidity  ot 
composition  there  is  no  limit,  but  the  dexterity  of  the  operator,  in 
adjusting  the  position  of  the  matrix  bar  and  bringing  down  the 
plunger  of  the  press  !  The  printer  will  see  many  defects  in  this 
apparatus,  which  will  effectually  prevent  its  superseding  even  the 
hand  compositor.  A  mistake  of  a  single  letter  in  a  word  will  neces¬ 
sitate  the  repro  luction  of  the  entire  series,  the  abandoned  words 
being  for  the  time  so  much  waste  metal  until  recast  into  bars. 


Model  of  Hoe’s  Fast  10-feeder  American  Frinting  Machine. 


l.-ILLUMINATION,  GAS-MAKING,  &c. 

By  Dr.  E.  Frankland,  F.R.S. 

TTEN  it  is  considered  that  in  these  latitudes 
we  are  deprived  of  solar  light  during  about 
one-fourth  of  our  waking  existence,  the 
great  importance  of  good,  pleasant, 
and  economical  modes  of  artificial 
illumination  need  not  be  dwelt  upon. 
Even  before  man  emerges  from  the 
savage  state,  he  contrives  some 
rude  mode  of  lighting  his  hovel 
when  daylight  fails  him ;  but  in 
his  most  advanced  stage  of  civiliza¬ 
tion,  this  nightly  want  has  called 
into  existence  some  of  the  most 
important,  extensive,  and  ingenious 
branches  of  manufacture. 

Every  mode  of  artificial  illumination  depends  upon  the  circum¬ 
stance  that,  at  certain  elevated  temperatures,  all  matter  becomes 
luminous  or  incandescent.  The  degree  of  heat  required  to  produce 
this  incandescence  differs  considerably  with  the  nature  of  the  matter 
operated  upon  ;  thus,  as  a  general  rule,  solids  and  liquids  become 
luminous  at  a  temperature  much  lower  than  that  required  to  render 
gaseous  matter  incandescent ;  whilst  the  latter,  even  when  heated 
to  incandescence,  usually  emits  a  light  which  is  too  feeble  for  prac¬ 
tical  purposes,  owing  to  its  containing  only  a  very  small  proportion 
of  the  most  luminous  rays  of  the  spectrum.  Practically,  the  incan¬ 
descence  of  liquids  is  not  made  use  of  for  illuminating  purposes, 
and  only  in  one  case,  that  of  Professor  Way’s  mercurial  electric 
light,  is  the  luminosity  of  a  gas  or  vapour  so  employed.  The  cele¬ 
brated  Indian  signal  fire,  although  quite  inapplicable  for  illumination, 
in  the  usual  sense  of  the  term,  constitutes,  however,  another  instance 
of  this  kind ;  the  intense  light  emitted  during  the  combustion  of  this 
composition  being  due  chiefly  to  the  incandescence  of  intensely- 
heated  arsenious  acid  vapour.  As  a  general  rule,  the  more  intense 
the  heat  to  which  a  body  is  raised,  the  greater  is  the  brilliancy  of 
the  light  emitted. 

The  heat  required  to  produce  the  luminosity  necessary  for  illumi¬ 
nation  is  generally  obtained  by  the  expenditure  of  chemical  force, 
as  in  the  combustion  of  candles,  oil,  or  gas  ;  but  it  may  also  be 
derived  from  the  electric  force,  as  in  the  different  forms  of  the 
electric  light ;  whilst  in  the  “  steel  mill”  used  formerly  to  light  coal 
mines,  a  portion,  at  least,  of  the  heat  was  furnished  by  mechanical 
power.  Up  to  the  present  moment,  however,  no  other  force  has 
been  found  capable  of  economically  competing  with  the  chemical  in 
the  production  of  light  for  the  ordinary  purposes  of  illumination  ; 
although,  for  special  applications,  to  lighthouses  for  instance,  where 


expense  is  not  the  chief  consideration,  the  electric  force  will  pro¬ 
bably  before  long  establish  its  superiority,  since  this  force  stands 
quite  unrivalled  in  the  intensity  of  the  heat,  and  consequently  in  the 
brilliancy  of  the  light  which  it  can  evoke. 

It  will  be  convenient  to  consider  illuminating  materials  under  three 
heads,  viz. — 

I.  Solid  illuminants — Candles. 

II.  Liquid  illuminants — Oils. 

III.  Gaseous  illuminants — Gas. 

It  is  scarcely  necessary  to  observe  that  the  terms  “  solid,”  “  liquid,” 
and  “  gaseous”  employed  in  this  classification,  do  not  refer  to  the 
condition  of  the  incandescent  or  luminous  material,  but  to  that  of 
the  illuminating  agent  as  met  with  in  commerce. 

I.  SOLID  ILLUMINANTS— CANDLES. 

The  history  of  the  candle  is  soon  told.  The  word  frequently  occurs 
in  the  Old  and  New  Testaments,  but  the  Hebrew  expression  translated 
“  candle”  really  means  lamp ;  and  unless  we  regard  torches  as  a  rude 
form  of  candle,  there  is  no  decisive  evidence  in  Holy  Writ  of  the  use 
of  this  apparatus  of  illumination.  Up  to  the  commencement  of  the 
Christian  era,  oil  lamps  appear  to  have  been  the  almost  universal 
appliances  for  lighting,  but  soon  afterwards  wax  and  tallow  candles 
came  into  use  to  a  considerable  extent ;  thus  Beckman  records  a 
notice  that  the  Emperor  Constantine,  about  the  beginning  of  the 
fourth  century,  caused  the  whole  of  the  city  of  Constantinople  to 
be  illuminated  with  lamps  and  wax  candles  on  Christmas  eve.  Still, 
it  was  probably  not  until  the  sixteenth  century  that  the  trade  of 
wax  chandler  was  established  in  England.  In  1775  rushlights 
were  extensively  made  by  the  cottagers  of  Hampshire,  and  in  1799 
William  Bolts  took  out  a  patent  in  England  for  improving  the 
quality  of  tallow  candles,  by  warm-pressing  the  tallow,  and  thus 
squeezing  out  the  more  fusible  portions.  Candles  made  of  tallow 
thus  prepared  were  in  fact  stearin  candles.  The  comparative  low 
temperature  at  which  stearin  fuses  (144°  Fahr.),  presented  an  in¬ 
superable  obstacle  to  the  further  improvement  of  the  tallow  candle 
without  recourse  being  had  to  chemical  processes.  It  was  impossible, 
for  instance,  to  render  the  candle  self- snuffing,  because  the  necessary 
bending  over  of  the  wick  caused  the  tallow  or  stearin  to  melt  in 
such  large  quantities  as  to  produce  excessive  guttering — an  evil 
that  could  only'’  be  remedied  by  providing  for  the  candle  a  metallic 
and  consequently  infusible  shell,  as  in  Palmer’s  candle  lamp.  The 
classic  researches  of  Chevreul  then  taught  us  the  composition  of 
fatty  bodies,  and  the  means  by  which,  from  stearin  melting  at  144° 
Fahr.,  stearic  acid  could  be  obtained,  melting  at  158°  Fahr.  Stearic 
acid  thus  obtained,  or  a  mixture  of  this  acid  with  margaric  acid, 
constitutes  the  material  of  stearic  candles ;  but  this  material  being 
for  some  time  rather  costly,  it  was  diluted  with  stearin  to  form  the 
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so-called  composite  candle,  which  possesses  a  sufficiently  elevated 
melting  point  to  permit  of  the  use  of  a  self-snuffing  wick. 

The  manufacture  of  wax,  spermaceti,  and  tallow  candles  being 
almost  purely  mechanical,  presents  comparatively  few  points  of 
interest;  consequently  the  space  at  my  disposal  will  be  more  usefully 
employed  in  describing  the  production  and  properties  of  the  more 
recently  invented  forms  of  the  candle,  more  especially  as  the  elabo¬ 
ration  of  these  forms  involves  the  successful  application  of  highly 
interesting  and  refined  chemical,  as  well  as  mechanical  processes. 

STEARIC  CANDLES. — The  principle  of  the  extraction  of  stearic 
and  margaric  acids  from  tallow  and  other  fats  once  pointed  out  by 
Chevreul,  manufacturers  devised  various  processes  for  carrying  out 
the  necessary  operations  upon  a  commercial  scale.  We  must,  how¬ 
ever,  content  ourselves  by  shortly  describing  only  one  of  these 
processes — that  employed  by  Price’s  Patent  Candle  Company,  whose 
works  may  be  regarded 
as  the  largest  of  the  kind 
in  the  world.  Splendid 
specimens  illustrating  the 
various  stages  of  their 
process,  are  exhibited  in 
Class  4  (939). 

The  material  employed 
in  these  works  is  chiefly 
palm  oil.  About  20  tons 
of  this  oil  are  melted  by 
means  of  steam  in  a  large 
wooden  tank  lined  with 
lead.  After  being  tho¬ 
roughly  melted,  time  is 
allowed  for  the  subsidence 
of  mechanical  impurities, 
and  it  is  then  pumped 
into  a  second  vessel, 
where  its  temperature  is 
raised  to  350°  Fahr.  by 
superheated  steam.  By 
means  of  a  perforated 
leaden  pipe  extending 
across  this  vessel,  120  lbs. 
of  concentrated  sulphuric 
acid  are  now  gradually 
and  intimately  mixed  with 
each  ton  of  the  oil. 

Violent  ebullition  ensues, 
which  assists  the  thorough 
mixing  of  the  acid  with 
the  oil.  The  heat  is  con¬ 
tinued  for  about  an  hour, 
and  the  contents  of  the 


remaining  in  the  still  is  now  passed  through  iron  pipes  set  in  a 
furnace,  and  raised  to  a  still  higher  temperature,  where  it  is  again 
submitted  to  a  current  of  superheated  steam.  In  this  way  a  further 
amount  of  distilled  fat  is  obtained,  whilst  a  residue  of  pitch  remains 
in  the  tubes. 

The  distilled  product  is  sufficiently  infusible  to  be  made  into  self- 
snuffing  composite  candles,  which,  however,  in  hardness  and  infusi¬ 
bility,  are  greatly  inferior  to  those  manufactured  from  the  material 
after  it  has  passed  through  the  following  stages  of  the  process.  The 
distilled  fat  is  sliced  into  shreds  by  the  cutter  A  (Fig.  532),  worked 
by  a  strap  passing  over  the  drum  of  a  revolving  shaft,  and  the 
fragments  are  conveyed  through  the  delivery  spout,  b,  to  a  truck 
where  the  workman  spreads  them  into  layers  separated  from  each 
other  by  pieces  of  cocoa  nut  fibre  matting.  The  piles  of  material 
thus  built  up  are  then  carried  into  the  press-room  represented  in 

Fig.  532. 


Price’s  Patent  Candle  Company’s  Works— Stripping  Department. 


vat  are  then  allowed  to  stand  at  rest  for  six  hours.  The  mixture, 
which  has  become  of  a  blackish  colour,  is  now  pumped  into  a  third 
vessel  containing  water  rendered  slightly  acid  by  sulphuric  acid ; 
here  it  is  again  heated  by  free  steam  for  two  hours,  and  after 
twenty-four  hours’  subsidence  the  water  is  drained  off. 

The  prepared  oil,  after  being  washed  and  melted,  is  submitted  to 
distillation  in  copper  stills,  heated  partly  by  fire  and  partly  by  steam. 
Each  still  contains  five  tons  of  the  oil,  the  temperature  of  which  is 
raised  to  560°  Fahr.  ;  steam,  superheated  to  a  somewhat  higher 
temperature,  is  then  blown  in  through  numerous  apertures  in  a  coil 
of  pipe  at  the  bottom  of  the  still.  Much  of  the  fat  distils  over  with 
the  steam,  and  is  condensed  in  pipes  heated  to  a  few  degrees  above 
212°  Fahr.,  whilst  the  aqueous  vapour  passes  away  as  such,  carry¬ 
ing  with  it  a  small  quantity  of  fat,  which  is,  however,  recovered  in 
a  second  refrigerator,  where  the  steam  condenses.  The  residue 


Fig.  533,  containing  about  fifty  presses.  Here  the  oleic  acid  is 
to  a  great  extent  extracted  first  in  the  cold,  and  subsequently 
by  a  second  pressing  at  from  85°  to  90°  Fahr.  The  mats  are  then 
extricated  from  the  layers  of  stearic  material,  and  the  edges  of  the 
latter  being  cut  off,  it  is  conveyed  to  the  boiling  house,  where  it 
undergoes  another  melting  with  acidulated  water.  Fig.  534  shows 
this  part  of  the  factory  which  contains  a  row  of  large  wooden  tuns, 
heated  by  branches  from  a  steam  main.  Here  the  acidulated 
water  is  kept  boiling  for  some  time,  and  is  well  agitated  with  the 
stearic  acid,  which  floats  upon  its  surface  in  a  melted  state.  The 
whole  is  then  allowed  to  repose,  and  the  acidulated  water  being 
drawn  off,  repeated  washings  with  hot  water  complete  the  purification 
of  the  fatty  matter,  which  is  then  run  off  and  cast  into  blocks. 

The  stearic  caudles  are  moulded  by  Morgan’s  machine, 
Fig.  535,  which  is  continuous  in  its  action.  h  represents  one 


of  the  frames,  each  of 
which  contains  eighteen 
moulds ;  to  the  frame 
circular  boxes  are  at¬ 
tached,  containing  eigh¬ 
teen  reels,  each  carrying 
60  yards  of  wick,  which 
is  drawn  into  the  moulds 
by  the  operation  of  ex¬ 
tracting  the  previous  lot 
of  candles.  The  apex 
of  each  mould  forms  a 
kind  of  piston,  which, 
by  being  forced  along 
the  mould,  expels  the 
candle.  The  mould 
being  already  wicked, 
each  frame  is  run  along 
a  railway  until  it  comes 
beneath  the  filling  ma¬ 
chine,  k,  which  consists 
of  a  box  containing  the 
melted  stearic  acid. 
By  pressing  upon  the 
lever,  m,  a  workman 
opens  eighteen  valves 
in  the  bottom  of  the 
box,  through  which  the 
material  flows  simulta¬ 
neously  into  the  eigh¬ 
teen  moulds.  As  soon 
as  the  moulds  are  filled, 
the  frame  is  passed  on 
to  an  attendant,  who 
clears  away  any  excess 
of  stearic  acid  from  the 
tops  of  the  moulds,  and 
then  pushes  the  frame 
to  the  end  of  the  rail, 
whence  it  is  removed 
to  a  return  line  of  rails, 

n,  which  brings  it  to 
the  drawing  depart¬ 
ment.  By  this  time  the 
candles  have  perfectly 
solidified.  A  man  now 
places  each  frame  in  suc¬ 
cession  upon  the  hori¬ 
zontal  metallic  plate, 

o.  The  frame  is  now 
pushed  on  to  the  plate 
of  the  drawing  machine 
in  the  position  shown  in 
the  figure,  and  is  there 
securely  held  by  the 
bar,  f  which  is  lowered 
upon  it  and  fastened  by 
a  catch  at  the  opposite 
side.  When  not  in  use, 
this  bar  can  be  kept 
out  of  the  way  of  the 
workman  by  a  counter¬ 
poise  passing  over  the 
pulley,  p.  If  now  the 
handle,  c,  be  pushed 
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Trice’s  Patent  Candle  Company’s  Works — Pressing  Koom. 
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Price's  Patent  Candle  Company’s  Works— Steaming  and  Boiling  House. 
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outwards,  the  plungers,  d,  are  forced  forward,  and  the  candles  are 
expelled  upon  the  board,  b,  where  the  wicks  are  cut  off  by  a  pair  of 
shears.  The  catch  is  then  loosened,  the  candles  removed,  and  the 
frame  being  passed  on  to  a,  is  ready  to  be  again  filled. 

In  order  to  render  the  wicks  self-snuffing,  various  contrivances 
are  made  use  of,  the  object  of  all  being  to  cause  the  wick  to  bend 
during  the  burning  of  the  candle,  so  that  its  apex  may  protrude 
from  the  flame  into  the  external  air,  where  it  becomes  perfectly 
consumed.  This  is  effected  either  by  plaiting  the  wicks,  or  by 
immersing  them  in  a  solution  of  borax  and  chloride  of  ammonium, 
or  finally  by  immersing  them  in  solution  of  nitrate  of  bismuth. 

The  manufacture  of  stearic  candles  has  also  been  brought  to 
great  perfection  on  the  Continent,  the  specimens  exhibited  in  the 
Austrian  and  Zollverein  Courts  especially  being  of  most  excellent 
quality ;  they  possess  a  whiteness  and  a  brilliancy  of  lustre  which  I 
are  quite  unrivalled. 

PARAFFIN  CANDLES. 

— The  Great  Exhibi¬ 
tion  of  1851  contained 
samples  of  these  candles, 
and  that  of  Paris,  in 
1855,  showed  that  con¬ 
siderable  progress  had 
been  made  in  their 
manufacture ;  but  the 
general  impression  which 
the  present  Exhibition 
leaves  upon  the  mind,  as 
regards  these  candles,  is 
that  they  are  not  yet  in 
a  positiou  successfully  to 
compete  with  stearic 
candles.  There  are 
several  causes  which 
have  contributed  to  this 
result,  such  as  the  com¬ 
parative  high  price  of 
the  material,  and  the 
liability  of  the  candles 
to  bend  in  a  warm  room. 

The  latter  evil  has,  it  is 
true,  been  to  a  great 
extent  removed,  either 
by  expressing  the  softer 
portions  of  the  paraffin, 
or  by  an  admixture  of 
the  material  of  stearic 
candles ;  still,  although 
paraffin  candles  surpass 
stearic  ones  both  in 
beauty  of  material  and  illuminating  power,  yet  it  cannot  be  denied 
that  their  introduction  into  general  use  has  hitherto  not  made  rapid 
progress. 

The  crude  paraffin,  the  manufacture  of  which  will  be  described 
under  the  head  of  paraffin  oil,  is  purified  by  the  following  or  some 
analogous  process.  The  crude  paraffin  is  first  placed  in  a  centri¬ 
fugal  machine,  which  extracts  a  quantity  of  thick  oil.  The  residual 
mass  is  then  cast  into  cakes,  and  submitted  to  hydraulic  pressure, 
first  in  the  cold,  and  afterwards  with  the  application  of  a  gentle 
heat.  The  object  of  this  last  operation  is  to  remove  all  hydrocar¬ 
bons,  which  have  a  lower  melting  point  than  104°  Fahr.  For 
this  purpose  there  are  placed  in  the  horizontal  presses,  between 
each  pair  of  paraffin  cakes,  hollow  plates,  through  which  water  of 
95° — 105°  Fahr.  is  made  to  flow.  In  this  way  the  hydrocarbons 
in  question  are  fused  and  squeezed  out.  A  greater  pressure  than 


600,000  lbs.  is  rarely  employed,  as  otherwise,  the  bursting  of  the 
costly  hair  cloths  used  to  envelope  the  paraffin  is  endangered. 
The  pressed  paraffin  is  now  melted  and  heated  to  300°  Fahr., 
either  over  a  fire  or  by  means  of  steam,  and  mixed  with  two  per 
cent,  of  concentrated  sulphuric  acid,  by  means  of  which  all  the 
hydrocarbons,  not  being  paraffin,  are  carbonized,  whilst  the  pure 
paraffin  remains  unaltered.  The  latter  is  then  carefully  washed 
with  hot  water,  and,  after  cooling,  is  mixed  with  the  best  colourless 
coal  naphtha,  and  introduced  into  iron  jacket-cylinders,  in  which  it 
can  be  kept  warm  whilst  it  is  being  filtered  through  animal  charcoal. 
The  paraffin  is  thus  rendered  white,  and  by  a  treatment  with  slightly 
superheated  steam,  the  coal  naphtha  is  again  completely  separated 
from  it.  The  paraffin  thus  obtained  is  perfectly  colourless  and 
beautifully  translucent;  its  melting  point  is  140°  Fahr.,  and  it  is  so 
hard  that  candles  manufactured  from  it  do  not  bend  when  exposed 


to  a  temperature  of  85°  Fahr.  It  is  moulded  into  candles  by  the 
same  process  as  those  used  in  the  stearic  manufacture.  A  difficulty 
is,  however,  experienced  in  removing  the  candles  from  the  moulds, 
and  in  obtaining  them  uniformly  translucent,  owing  to  the  crystalli¬ 
zation  of  the  paraffin,  and  the  consequent  production  of  minute 
cracks  in  the  substance  of  the  candle.  This  difficulty  has  been 
removed  by  the  following  process,  invented  by  Messrs.  Field  & 
Humphrey,  the  former  of  whom  exhibit  beautiful  paraffin  candles 
in  case  No.  918.  The  paraffin  is  poured  at  a  temperature  of  about 
140°  Fahr.  into  the  moulds,  which  have  been  previously  heated  to 
the  same  temperature.  After  the  moulds  thus  filled  have  been 
allowed  to  stand  for  a  few  minutes,  they  are  plunged  into  cold 
wafer.  This  rapid  cooling  of  the  paraffin  prevents  distinct  crystal¬ 
lization,  and  the  candles  so  obtained  are  translucent  and  easily 
removed  from  the  moulds.  The  wicks  of  paraffin  candles  are 
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Fig.  535. 


Price’s  Patent  Candle  Company’s  Works— Moulding  Machines. 
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generally  common  plaited  cotton  ones,  which  have  been  previously 
saturated  with  a  solution  of  boracic  acid.  Dr.  Letheby  gives  the 
following  estimate  of  the  illuminating  power  of  paraffin  compared 
with  that  of  the  chief  kinds  of  candles  now  in  use  : — 


CANDLES 
(6  to  the  round). 

Average  Rate 
of  Combustion 
per  Uour. 

Illuminating 
Po\ver(Standavd 
Sperm  being 
=  100.) 

Illuminating 
Power — each 
Candle  burning 
at  Standard  Rate 
of  120  Grains 
per  Hour. 

Consumption 
per  Hour,  to 
give  Standard 
Light  of  a 
Sperm  Candle. 

Composite, ... 

(Grains.) 

141 

93 

7S 

(Grains.) 

155 

Stearic,  . 

140 

97 

83 

144 

Wax, . 

1G8 

122 

87 

138 

Spermaceti,... 

132 

110 

100 

120 

Paraffin, . 

122 

125 

123 

98 

“  These  results,”  says  Dr.  Letheby,  “  prove  that,  weight  for 
weight,  the  illuminating  power  of  paraffin  is  rather  more  than  22 
per  cent,  greater  than  that  of  spermaceti,  about  40  per  cent,  greater 
than  wax,  4G  per  cent,  greater  than  stearic,  and  58  per  cent,  greater 
than  composite ;  or,  to  estimate  it  in  another  way,  the  light  pro¬ 
duced  by  98  lbs.  of  paraffin  candles  is  equal  to  that  of  120  lbs.  of 
spermaceti,  or  188  lbs.  of  wax,  or  144  lbs.  of  stearic,  or  155  lbs.  of 
the  best  composite  candles.”  The  present  price  of  paraffin  candles 
is  Is.  5d.  per  lb.  Comparing  the  price  with  that  of  good  candles 
made  from  other  material,  and  taking  into  consideration  the  greater 
amount  of  light  given  for  the  weight  of  the  substance  burnt  as 
shown  in  the  above  report,  paraffin  appears  to  be  a  most  econo¬ 
mical  light-giving  material. 

J.  A.  T.  Otto,  of  Frankfort-on-the-Oder  (1218),  exhibits  two 
splendid  columns  of  peat  paraffin,  which  is  very  hard  and  of 
good  quality ;  also  fine  specimens  of  candles  made  from  the  same 
material.  Numerous  other  exhibitors  of  paraffin  and  paraffin 
candles  will  be  found  enumerated  under  the  head  of  “  Liquid  Illu- 
minants.” 

II.  LIQUID  ILLUMINANTS— OILS. 

In  the  preparation  of  the  ordinary  vegetable  and  animal  oils,  and 
in  their  application  to  the  purposes  of  illumination,  no  novelty 
worthy  of  remark  has  been  introduced  since  the  year  1851.  Of  all 
the  lamps  in  use  for  the  consumption  of  these  oils,  the  moderator 
lamp  is  undoubtedly  the  one  which  is  by  far  the  most  extensively 
employed,  by  reason  of  the  simplicity  of  its  construction  and  the 
regularity  of  its  action.  In  this  lamp  the  oil,  which  is  contained  in 
a  cylindrical  vessel  usually  forming  the  foot  of  the  lamp,  is  raised 
to  the  apex  of  the  argand  wick  by  means  of  a  piston,  acted  upon 
by  a  steel  helix.  The  flow  of  oil  takes  place  through  a  narrow 
tube,  which  is  more  or  less  choked  by  a  conical  wire  rising  and 
falling  in  the  tube  with  the  piston  itself.  When  the  piston  is  at 
the  highest  point  of  its  range,  and  when,  consequently,  the  column 
of  oil  to  be  raised  is  shortest,  and  the  spring  exerts  its  greatest 
power,  the  thicker  part  of  this  conical  wire  produces  the  maximum 
obstruction  in  the  tube  ;  whilst,  when  the  piston  is  near  the  bottom 
of  the  cylinder,  and,  consequently,  the  spring  has  become  relaxed, 
;  nd  the  column  of  oil  is  higher,  the  thin  part  of  the  wire  only  is 
engaged  in  the  tube,  which  consequently  offers  a  smaller  resistance 
to  the  flow  of  the  oil.  This  lamp  was  invented  in  1836  by  M.  Fran- 
chot,  who  assigned  his  patent  to  M.  Hadrot,  by  whom  that  manu¬ 
facture  was  exclusively  carried  on  for  many  years.  M.  Hadrot 
received  a  prize  medal  in  1851,  and  a  medal  of  the  first  class  in 


1855  for  this  lamp.  The  manufacture,  which  has  long  been  throwm 
open  to  the  world,  now  appears  to  be  carried  on  by  the  son  of  M. 
Hadrot,  who  exhibits  fine  specimens  of  those  lamps  in  the  French 
Court  (3058  and  3061). 

Whilst,  however,  illumination  by  means  of  animal  and  vegetable 
oils  has  thus  remained  nearly  stationary  during  the  past  decade,  the 
manufacture  of  photogenic  oils  by  the  destructive  distillation  of 
peat,  lignite,  coal,  &c.,  has  undergone  a  development  almost  un¬ 
paralleled.  The  liquid  and  solid  products  of  the  destructive  distil¬ 
lation  of  these  substances,  had  not  in  the  year  1851  done  more  than 
indicate  the  extensive  and  important  applications  to  the  purposes  of 
illumination  which  they  have  since  received.  Beyond  the  use  of 
the  volatile  naphtha  from  cannel  coal  for  the  naphthalization  of  coal 
gas  and  for  external  illumination,  no  important  application  of  these 
products  of  destructive  distillation  as  illuminating  agents  had  been 
then  made.  In  that  year  Mr.  Young  commenced  distilling  Boghead 
coal  at  a  low  red  heat,  obtaining  thereby  a  large  quantity  of  oil 
containing  paraffin  ;  and  specimens  of  paraffin  candles  thus  produced 
were  amongst  the  chemical  substances  which  awakened  most  interest 
as  novelties  in  the  Exhibition  of  1851.  Still  several  years  elapsed 
before  either  the  paraffin  oil,  or  the  paraffin  contained  in  it,  came 
to  be  extensively  applied  to  the  purposes  of  illumination.  The 
paraffin  oil  was  used  principally  for  lubricating  machinery  ;  and  in 
order  to  prevent  any  diminution  in  its  value  for  this  purpose,  it  was 
found  advisable  to  refrain  from  extracting  the  paraffin  from  it. 

The  French  Exhibition  of  1855  showed  that  great  progress  had 
been  made  in  the  utilization  of  these  products ;  but  even  at  this 
date  the  principal  source  of  pyrogenous  oils,  &c.,  used  for  illumina¬ 
tion,  appears  to  have  been  bituminous  schist,  which  w'as  then  being 
most  extensively  distilled  in  France  and  Germany.  From  this 
substance  were  obtained  : — 

1.  Two  kinds  of  oil  fit  for  illumination.  One  of  these  was  a 
heavy  oil  capable  of  being  mixed  with  seed  oils  for  consumption  in 
ordinary  lamps  ;  the  other  a  light  oil  which  was  burned  in  lamps 
specially  adapted  for  its  combustion. 

2.  An  essential  oil  capable  of  replacing  benzule  in  all  its  uses. 

3.  Paraffin,  of  which  could  be  made  translucent  candles,  burning 
with  a  white  and  very  luminous  flame. 

Certain  products  of  the  distillation  of  lignite  peat,  asphalt,  and 
resin  were  also  shown  in  the  Paris  Exhibition  of  1855  ;  the  distilla¬ 
tion  of  resin  especially  having  been  carried  on  very  largely  both  in 
England  and  in  France,  one  manufactory  alone  in  the  latter  country 
— viz.,  that  of  M.  Alph.  Montauriol  of  St.  Ouen,  near  Paris — 
having  distilled  between  2500  and  3000  tons  of  this  material.  At 
this  early  stage  of  their  development,  however,  these  artificially 
distilled  products  were  destined  to  encounter  a  formidable  rival  in 
the  natural  oil  or  tar  which,  produced  under  conditions  not  yet  well 
understood,  issues  from  coal-bearing  strata  in  various  places,  and  has 
long  been  known  under  the  names  of  petroleum,  rock  oil,  mineral 
oil,  &c.  It  is  not  without  a  certain  claim  upon  our  consideration 
that  this  natural  oil  thus  comes  into  competition  with  its  artificial 
analogues,  since  it  was  the  sudden  appearance  and  subsequent  stop¬ 
page  of  a  spring  of  the  former  in  Derbyshire  which  first  led  Mr. 
Young  to  endeavour  to  imitate  the  natural  production  of  this  oil  by 
distilling  highly  bituminous  coals  at  the  lowest  possible  temperature, 
he  having  in  the  years  1849  and  1850  extensively  manufactured 
and  sold  oil  for  burning  and  lubricating  purposes  from  petroleum  at 
Alfreton,  Derbyshire.  In  the  year  1854  a  patent  was  granted  to 
Mr.  Warren  de  la  Rue  for  the  manufacture  of  paraffin  and  hydro¬ 
carbons  from  petroleum.  The  latter,  imported  principally  from 
Rangoon,  is  submitted  to  a  current  of  steam  in  a  capacious  still, 
which  can  also  be  heated  externally.  The  more  volatile  portion  of 
the  petroleum  distils  over  and  is  afterwards  separated  into  products 
differing  in  volatility,  by  rectification  in  a  similar  apparatus.  The 
residue  remaining  in  the  still  is  then  raised  to  a  higher  temperature, 
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whilst  superheated  steam  is  passed  through  it.  The  last  portions  of 
this  second  distillation  are  very  rich  in  paraffin,  which  is  separated, 
as  far  as  possible,  by  cooling  and  filtration.  It  is  then  submitted  to 
pressure,  and  is  finally  purified  by  admixture  with  sulphuric  acid  at 
212°  Fahr.,  washing  with  soda  lye,  and  distillation.  The  condition 
of  this  branch  of  industry  at  the  close  of  the  French  Exhibition  of 
1855  may  be  thus  summed  up  s — 

1.  Large  quantities  of  Boghead  coals  were  being  distilled  solely 
for  the  sake  of  the  liquid  and  solid  products,  which  met  with  a  ready 
market,  for  the  greater  part  as  lubricating  agents,  and  were  rapidly 
replacing  sperm  and  gallipolli  oils  for  this  purpose. 

2.  The  same  products  were  also  manufactured,  but  on  a  smaller 
scale,  from  the  tar  obtained  in  the  ordinary  process  of  gas-making, 
especially  where  Boghead  cannel  was  used. 

3.  Bituminous  schist,  resin,  and  peat  were  very  largely  worked, 
the  products  obtained  being  chiefly  devoted  to  illuminating  purposes, 
and  threatening  to  become  formidable  competitors  of  sperm,  seal, 
and  colza  oils. 

4.  Lastly,  attention  had  been  practically  called  by  Mr.  Warren 
de  la  Rue  to  the  value  of  native  tar,  or  petroleum,  for  the  manufacture 
of  the  same  products. 

The  present  International  Exhibition  shows  in  a  highly  remark¬ 
able  manner  the  enormous  development  which  this  industry  has 
received  during  the  past  seven  years.  Not  only  have  the  staple 
products  been  brought  from  three  of  the  quarters  of  the  globe,  but 
the  very  numerous  exhibitors,  the  general  good  quality  of  their 
products,  and  the  immense  scale  upon  which  many  of  their  works 
are  evidently  carried  on,  all  contribute  to  prove  that,  notwith¬ 
standing  its  recent  origin,  the  production  of  these  utilities  has 
already  become  one  of  the  most  important  branches  of  chemical 
manufacture. 

In  the  production  of  these  substances  from  coal  the  following  are 
the  principal  operations  performed: — The  coal,  which  should  be  as 
bituminous  as  possible,  is  distilled  at  the  lowest  temperature  prac¬ 
ticable.  The  crude  distillate  is  then  submitted  to  a  current  of  steam, 
by  which  the  more  volatile  hydrocarbons,  termed  naphtha,  are 
removed.  Concentrated  sulphuric  acid  is  then  added  to  the  residual 
oil,  whereby  naphthalin  and  a  number  of  oils  possessing  a  composi¬ 
tion  similar  to  olefiant  gas  are  removed.  With  these  constituents 
the  offensive  odour  of  the  oil  and  its  property  of  becoming  dark- 
coloured  by  exposure  to  the  air,  to  a  great  extent  disappear.  After 
this  treatment  with  concentrated  sulphuric  acid,  the  crude  oil 
becomes  opaque  and  almost  black ;  but  if  it  be  now  briskly  agitated 
with  strong  solution  of  caustic  soda,  the  black  matter  separates  as  a 
distinct  tarry  stratum,  which  takes  up  its  position  between  the  soda 
lye  and  the  purified  oil ;  the  latter  is  then  run  off  and  submitted  to 
rectification,  by  which  it  is  separated  into  three  portions.  The  most 
volatile  portion  is  sold  for  illumination,  the  next  volatile  portion  is 
sent  into  the  market  as  lubricating  oil,  whilst  the  portion  which  last 
distils,  solidifies  on  cooling  to  a  mass  of  paraffin  crystals,  which  is 
separated  from  the  surrounding  liquid  either  by  filtration  aDd  pres¬ 
sure  or  by  a  centrifugal  machine.  The  yellowish  mass  thus  obtained 
constitutes  crude  paraffin. 

This  process  of  purification  answers  very  well  in  the  case  of  oil 
or  tar  obtained  at  a  comparatively  low  temperature  ;  but  when  the 
tar  is  produced  in  the  ordinary  process  Of  gas-making  it  can  no 
longer  be  thus  profitably  treated,  owing  to  the  proportionally  very 
large  quantities  of  sulphuric  acid  and  caustic  soda  required,  which 
also  greatly  reduce  the  yield  of  purified  product.  Such  tar  can, 
according  to  the  writer’s  experience,  be  much  more  successfully 
treated,  by  first  rectifying  it,  and  then  mixing  the  distillate  with 
solution  of  chloride  of  lime.  This  mixture  should  be  briskly  agitated, 
whilst  dilute  hydrochloric  acid  is  very  gradually  added,  until  all  the 


chlorine  has  been  expelled  from  the  chloride  of  lime.  An  oxida¬ 
tion  of  the  more  alterable  and  odoriferous  portion  of  the  oil  is  thus 
effected  ;  the  product  becomes  black,  but  on  subsequent  agitation 
with  soda  lye  the  black  matter  separates,  as  before,  in  the  form  of  a 
distinct  layer,  from  which  the  supernatant  purified  oil  can  be  readily 
run  off.  By  this  process  the  tar  of  gas  works  where  the  richer  Scotch 
cannels  are  used,  has  been  successfully  converted,  on  a  large  scale, 
into  the  usual  products  of  the  paraffin  industry. 

In  the  British  department  of  the  International  Exhibition  Mr. 
Young,  who  must  be  regarded  as  the  founder  of  the  paraffin  industry, 
exhibits  (G32)  a  splendid  block  of  paraffin  weighing  nearly  half 
a  ton,  colourless,  inodorous,  tasteless,  and  beautifully  translucent : 
he  also  shows  specimens  of  paraffin  candles,  and  oils  made  from  the 
Wemyss,  Torbane  Hill,  Wigan,  and  Newcastle  coals;  showing  that 
all  bituminous  coals  yield  these  substances.  Mr.  Young’s  paraffin 


Fin  firs. 


Young’s  Paraffin  Oil  Lamp. 


oil  is  now  very  extensively  used  throughout  the  United  Kingdom  an 
an  illuminating  agent,  for  which  purpose  it  is  peculiarly  well  adapted, 
since  it  consists  mainly  of  hydrocarbons  free  from  oxygen.  These 
hydrocarbons  deposit  much  carbon  on  combustion,  and  hence,  with 
a  properly  regulated  supply  of  air,  they  produce  a  more  brilliant 
light  than  that  obtained  by  the  consumption  of  an  equal  amount  of 
animal  or  vegetable  oils,  which  contain  a  not  inconsiderable  amount 
of  oxygen. 

The  enormous  extent  of  the  use  of  paraffin  oil  for  illuminating 
purposes  may  be  conceived  from  the  fact,  that  in  the  neighbourhood 
of  Edinburgh  two  years  ago,  one  lamp  manufacturer  alone  had  con- 
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structed  during  one  year  247,431  lamps  exclusively  for  its  consump¬ 
tion,  and  that  he  was  then  making  them  at  the  rate  of  1200  per  day. 

Paraffin  oil  requires  for  its  combustion  lamps  of  peculiar,  but 
simple  construction ;  thus,  the  vessel  that  holds  the  oil  should  be  of 
glass  or  stone  ware,  so  that  the  oil  may  not  become  heated,  and  for 
the  same  reason  there  should  be  no  metallic  connection  between  the 
burner  and  the  oil.  For  the  perfect  combustion  of  paraffin  oil,  a 
more  rapid  current  of  air  is  required  than  in  the  case  of  animal  or 
vegetable  oils,  and  the  current  must  be  made  to  impinge  powerfully 
against  the  flame,  either  by  surrounding  the  latter  with  a  brass  dome 
within  the  glass  chimney,  or  by  the  contraction  of  the  glass  chimney 
itself.  Mr.  Young  exhibits  a  very  elegant  paraffin  oil  lamp  of  this 
description,  which  meets  the  above  requirements.  Fig.  536  repre¬ 
sents  this  lamp  in  elevation,  and  Fig.  537  shows  in  section  the 
arrangement  of  the  wickliolder  and  combustion  chamber  ;  the  arrows 
showing  the  direction  of  the  air  currents.  The  outside  vase  is  of 
metal,  but  the  oil  is  contained  in  an  internal  glass  vessel.  The  wick 
should  be  well  dried  before  it  is  put  into  the  lamp,  as  the  oil  does  not 
readily  rise  in  a  damp  wick.  With  good  oil  the  wick  will  last  several 
months.  In  trimming  the  lamp,  the  wick  should  not  be  cut,  but 
only  wiped  clean  ;  the  carbonized  edge  which  it  acquires  in  burning 
being  found  to  answer  better  than  a  newly  cut  one.  It  is  found  in 
practice  that  lamps  with  flat  wicks  burn  the  oil  somewhat  more 
economically  than  those  with  annular  wicks  ;  nevertheless,  the  latter 
are  more  convenient  where  a  flame  of  considerable  illuminating 
power  is  required. 

The  comparative  illuminating  power  of  paraffin  oil  is  remark¬ 
ably  high.  According  to  Dr.  Letheby’s  experiments  one  gallon  of 
Young’s  paraffin  oil,  weighing  about  8^  lbs.,  will  give  the  light  of — 

23 J  lbs.  of  spermaceti  candles;  or, 

27  “  wax  candles;  or, 

28j  “  stearic  candles ;  or, 

30^  “  composite  candles ;  or, 

40  “  best  tallow  moulds. 

Mr.  G.  Shand  of  Stirling  (597)  exhibits  specimens  of  illumi¬ 
nating  oil  obtained  from  the  destructive  distillation  of  bones.  The 
production  of  a  marketable  article  upon  a  manufacturing  scale  from 
the  highly  offensive  and  hitherto  almost  useless  bone  tar,  is  very 
creditable  to  the  exhibitor. 

Whilst  the  manufacture  of  paraffin  products  from  coal  has  taken 
root  almost  exclusively  in  England,  the  production  of  the  same  sub¬ 
stances  from  lignite,  peat,  and  bituminous  shale  appears  to  be 
carried  on  chiefly  in  the  Zollverein  and  in  Austria.  The  process  of 
manufacture  does  not  essentially  differ  from  that  employed  in  this 
country  in  the  case  of  coal ;  but  for  details  on  this  head  the  reader 
is  referred  to  the  Jury  Report  of  Class  2,  Sub-class  A. 

The  Werschen-Weissenfels  Lignite  Company  of  Weissenfels, 
Prussia  (877),  exhibit  splendid  specimens  of  paraffin,  paraffin  oil, 
and  photogen,  from  lignite. 

Dr.  Bernhard  Hiibner  (751),  Mineral  Oil  and  Paraffin  Works, 
Relnnsdorf,  near  Zeitz,  Prussia,  exhibits  magnificent  specimens  of 
paraffin,  paraffin  candles,  photogen,  and  solar  oil. 

Very  fine  specimens  of  paraffin,  paraffin  oil,  and  the  collateral 
products  from  lignite,  are  also  sent  from  Georghiitte  in  Prussia 
(977),  the  Anhaltischen  Fabrikenverein  fur  chemische  Producte,  in 
the  duchy  of  Anhalt-Dessau  Kothen  (6),  and  from  the  Wildshcliiitz 
Paraffin  and  Solar  Oil  Works,  near  Hohenmolsen,  in  Prussia  (828). 

The  Archducal  Manufactory  of  peat  productions  at  Chlumetz, 
Bohemia  (89),  have  sent  a  large  block  of  paraffin,  together  with 
photogen  and  solar  oil.  The  paraffin  is  stated  to  melt  at  127°  Fahr., 
and  was  somewhat  soft  to  the  touch  during  the  warm  weather  of 
July. 

G.  Wagenmann  of  Vienna  (165),  exhibits  good  specimens  of 
paraffin  oil,  6olar  oil,  and  photogen.  This  exhibitor  has  made 
numerous  determinations  of  the  amount  of  products  obtainable  by 


the  destructive  distillation  of  peat,  lignite,  and  bituminous  shale. 
The  following  are  some  of  the  results  which  he  obtained  from  100 
parts  of  each  material : — 

Photo-  Solar  Solid  Crude 
gen.  Oil.  Faraffiu. 

Hard  dark  brown  peat,  containing  3  3  "5  8  per 

cent,  of  water  and  6‘76  per  cent  of  ash,  ...  -435  ...  1T04  ...  1-943 

Brown  fibrous  peat,  containing  36-23  percent. 

of  water  and  5'49  per  cent,  of  ash, .  -380  ...  1Y24  ...  2-389 

Hard  dark  brown  lignite,  occurring  in  small 
fragments,  and  containing  45'26  per  cent. 

of  water  and  9  83  of  ash, .  -810  ...  3’940  ...  3’910 

Bituminous  shale,  containing  19 '9  percent,  of 
water  and  23'52  percent,  of  ash, .  8'1C0  ...  1’590  .. .12  870 

Herr  Wagenmann  gives  the  following  as  the  properties  which 
ought  to  be  possessed  by  the  liquid  products  : — 

Photogen  should  be  very  mobile,  as  it  has  frequently  to  ascend  a 
wick  to  the  height  of  6  inches.  The  best  photogen  has  a  specific 
gravity  between  *815  and  -835.  Those  photogens  which  have  a 
specific  gravity  of  only  *78  are  dangerous,  as  they  contain  oils  boil¬ 
ing  as  low  as  140°  Fahr.,  which  readily  form  explosive  mixtures  in 
the  air  spaces  of  the  lamps  in  which  they  are  consumed.  On  the 
other  hand,  photogen  of  specific  gravity  *840  and  upwards  is  nearly 
useless,  as  it  cannot  ascend  a  wick  with  sufficient  facility. 

Solar  oil,  which  is  the  equivalent  of  English  paraffin  oil,  should 
not  contain  any  oils  of  less  specific  gravity  than  *870,  nor  more 
than  ’920.  Its  specific  gravity  generally  ranges  between  *885  and 
•895.  Cooled  to  50°  Fahr.,  it  ought  not  to  deposit  any  paraffin,  and 
when  agitated,  the  bubbles  of  air  ought  not  to  rise  to  the  surface 
more  rapidly  than  in  colza  oil. 

It  has  been  already  mentioned  that  the  solid  and  liquid  illumi¬ 
nating  materials  from  coal,  lignite,  peat,  and  bituminous  shale,  were 
soon  destined  to  encounter  powerful  rivals  in  the  natural  springs  of 
petroleum  or  mineral  oil.  The  present  Exhibition  reveals  to  us 
something  of  the  extent  and  extraordinary  productiveness  of  these 
natural  sources  of  what  may  be  called  crude  paraffin  oil.  Russia 
exhibits  (45  and  48)  specimens  of  paraffin,  paraffin  candles,  and 
illuminating  oil,  from  the  long  celebrated  w'ells  on  the  Caspian 
Sea,  which  are  only  just  beginning  to  be  worked.  But  these 
exhibits,  and  the  statistics  connected  with  them,  are  completely 
thrown  into  the  shade  by  those  of  Canada  and  the  United  States, 
where  oil  springs  of  almost  incredible  productiveness  have  recently 
been  discovered.  The  principal  springs  in  the  United  States  are 
situated  near  a  station  of  the  Atlantic  and  Great  Western  Railway, 
whence  the  oil  can  be  readily  transported  to  New  York.  One  of 
these  wells,  called  the  “  Empire  well,”  yields  more  than  7000  gal¬ 
lons  of  petroleum  per  day.  More  than  5,000,000  of  gallons  of  oil 
have  been  raised  and  sold,  and  the  surface  of  the  liver  is  covered 
with  that  large  portion  which  runs  to  waste. 

The  oil  wells  of  Canada  are  not  so  advantageously  situated,  and, 
owing  to  the  difficulties  of  transport,  the  enormous  resources  of  these 
wells  have  hitherto  received  only  a  very  partial  development. 
Nevertheless,  hundreds  of  persons  are  here  employed  at  upwards  of 
100  shafts,  from  each  of  which  an  average  of  600  gallons  of  oil  per 
day  is  obtained.  The  yearly  production  of  the  wells  at  present 
opened  cannot  be  estimated  at  less  than  20,000,000  of  gallons. 
Mr.  T.  Sterry  Hunt,  F.R.S.,  chemist  to  the  Canadian  Geological 
Survey,  states  that  “  the  petroleum  oil  proceeds  from  the  carboni¬ 
ferous  limestone.  This  limestone  outcrops  at  Port  Erie,  and  runs 
across  the  country  to  Lake  Huron,  by  the  way  of  Woodstock.  It 
is  overlaid  in  some  parts  of  Lambton  and  Kent  by  a  thick  bed  of 
shale  of  the  Hamilton  group,  and  there  are  some  others  of  a  higher 
formation  in  Lambton,  near  Lake  Huron,  called  the  Chemung  and 
Portage  group,  which  is  the  base  of  the  local  measures  in  Michigan, 
3000  or  4000  feet  below  the  coal  there.  All  these  formations  in 
Canada  have  a  dip  to  the  south  of  from  17  to  25  in  the  mile  ;  there¬ 
fore,  the  further  south  you  go,  the  deeper  under  the  surface  will  the 
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rock  be  found.  The  surface  drift  in  Kent  is  somewhat  over  200 
feet  thick.  Probably  the  petroleum  is  collected  in  basins  from  the 
breaking  up  of  the  rock,  and  consequently  the  boring  for  it  must  be 
accompanied  with  risk ;  but  there  can  be  no  doubt  that  oil  will  be 
found  for  miles  around  the  present  springs.” 

According  to  a  pamphlet  recently  published  by  the  Canadian 
Oil  Company,  there  are  three  spouting  wells  of  oil,  that  is,  wells  from 
which  the  petroleum  will  rise  in  tubes  to  a  height  of  several  feet 
above  the  surface  of  the  earth.  One  of  these  produces  500  barrels 
of  oil,  and  another  600  barrels,  daily.  The  other  wells  require  the 
oil  to  be  pumped  to  the  surface.  The  following  products,  obtained 
by  Dr.  S.  Muspratt  from  100  parts  of  this  petroleum,  will  serve  to 
indicate  its  composition  : — 


Light  coloured  naphtha  (specific  gravity  '794),  .  .  20 

Heavy  yellow  naphtha  (specific  gravity  ’837),  .  .  50 

Lubricating  oil  rich  in  paraffin,  .  ...  22 

Tar,  ..........  5 

Charcoal,  .........  1 
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Loss,  .....  2 

100 

In  the  Canadian  court,  the  Canadian  Native  Oil  Company  exhibit 
good  specimens  of  illuminating  oils  from  the  above  source. 


III.  GASEOUS  ILLUMINANTS— GAS. 


The  manufacture  of  illuminating  gas  has  undergone  compara¬ 
tively  little  change  since  the  year  1851.  The  materials  at  present 
almost  exclusively  employed  are  coal,  resin,  and  wood;  but  the 
coal-gas  industry  alone  is  represented  in  the  present  Exhibition. 

The  usual  process  of  manufacturing  coal  gas  is  too  well  known  to 
require  detailed  description  here.  Coal  or  cannel  is  exposed  to  a 
bright  red  heat  in  close  vessels,  until  all,  or  the  greater  part  of  the 
volatile  matter,  is  expelled.  The  material  left  in  the  retort  is  coke, 
whilst  the  matters  volatilized  consist  of  condensible  vapours,  and  of 
permanent  gases  more  or  less  saturated  with  these  vapours.  The 
simple  process  of  refrigeration  condenses  nearly  the  whole  of  the 
vapours,  and  thus  separates  the  gases,  to  a  great  extent,  from  the 
liquid  and  solid  products  of  the  distillation.  This  preliminary  pro¬ 
cess  of  purification,  however,  leaves  the  gases  still  in  a  state  totally 
unfitted  for  use  in  the  production  of  artificial  light.  They  retain 
constituents  which  are  either  noxious  in  themselves,  or  generate 
noxious  compounds  when  they  are  burned.  They  also  contain  car¬ 
bonic  acid,  which  greatly  diminishes  the  amount  of  light  yielded  by 
the  illuminating  gases  with  which  it  is  mixed.  Besides  these 
injurious  ingredients,  which  may  be  conveniently  included  in  the 
term  impurities,  there  are  others  which  do  not  contribute  anything 
to  the  illuminating  powers  of  the  mixture,  and  which  are  denomi¬ 
nated  diluents.  We  can  thus  classify  the  constituents  of  coal  gas 
as  follows: — 


Illuminating  Ingredients. 


Olefiant  gas. 
Propylene. 
Butylene. 
Hydrocarbon 
vapours. 


Diluents. 


Hydrogen. 

Light  carburetted 
hydrogen. 
Carbonic  oxide. 


Impurities. 

Sulphuretted  hydrogen. 
Hydrosulphate  of  sulphide 
of  ammonium. 
Carbonate  of  ammonia. 
Carbonic  acid. 

Vapour  of  bisulphide  of 
carbon. 

Nitrogen. 

Oxygen. 

Aqueous  vapour. 


REMOVAL  OF  IMPURITIES  OF  COAL  GAS. — Amongst  the  impuri¬ 
ties  enumerated  in  the  foregoing  table,  the  three  last  are  always 
disregarded  in  the  purification  of  coal  gas.  Inasmuch  as  the  gas 
is  necessarily  in  contact  with  water  immediately  before  its  trans¬ 


mission  to  the  consumer,  it  is  not  practicable  to  deprive  it  of  aqueous 
vapour;  whilst  oxygen  and  nitrogen  are  rarely  present  in  quantities 
sufficiently  considerable  to  deteriorate  the  gas.  The  remaining 
impurities  are  due  to  the  presence  of  sulphur,  oxygen,  and  nitrogen 
in  the  coal  employed.  The  sulphur,  uniting  with  portions  of  the 
hydrogen  and  carbon  of  the  coal,  generates  with  the  first,  sulphuretted 
hydrogen,  and  with  the  second,  bisulphide  of  carbon.  It  is  also 
probable  that  volatile  organic  compounds  of  sulphur  are  produced 
by  the  union  of  this  element  with  carbon  and  hydrogen  simultane¬ 
ously,  although  we  have  as  yet  no  positive  evidence  of  their  pre¬ 
sence  in  illuminating  gas.  The  oxygen  uniting  with  another  portion 
of  carbon  forms  carbonic  acid,  whilst  the  nitrogen  unites  with  hydro¬ 
gen  to  form  ammonia,  which  combining  with  sulphuretted  hydrogen 
produces  hydrosulphate  of  sulphide  of  ammonium,  and,  with  car¬ 
bonic  acid  and  water,  carbonate  of  ammonia.  With  the  exception 
of  bisulphide  of  carbon  and  the  organic  sulphur  compounds  just 
mentioned,  the  removal  of  all  these  impurities  is  not  difficult. 
Slacked  lime,  either  in  the  form  of  moist  powder  or  suspended  in 
water  as  milk  of  lime,  absorbs  the  whole  of  them,  whilst  it  has  no 
perceptible  effect  on  the  other  constituents  of  the  gas.  By  this 
process  of  purification  the  sulphuretted  hydrogen  and  caustic  lime 
are  converted  into  sulphide  of  calcium  and  water;  the  former,  being 
non-volatile,  does  not  mix  with  the  gas.  Hydrosulphate  of  sul¬ 
phide  of  ammonium  is  in  like  manner  converted  into  sulphide  of 
calcium,  water,  and  ammonia  ;  part  of  the  latter  is  retained  by  the 
moisture  present  in  the  purifying  material,  but  the  remainder  mixes 
with  the  gas,  from  which,  however,  it  can  be  removed  by  contact 
with  a  large  surface  of  water.  Carbonic  acid  is  also  readily  removed 
from  the  gas  by  slaked  lime,  forming  carbonate  of  lime.  Carbonate 
of  ammonia  is  under  similar  circumstances  decomposed,  carbonate 
of  lime  being  formed;  and  ammonia  liberated,  the  latter,  as  before, 
requiring  a  subsequent  application  of  water  for  its  complete  removal. 
Although  in  the  wet  lime  purifying  process,  a  given  weight  of  lime 
can  remove  a  much  larger  volume  of  impurities,  yet  the  dry  lime 
process  possesses  so  many  manipulatory  advantages,  that  it  is  now 
all  but  universally  employed  where  lime  is  used  as  the  purifying 
agent. 

Just  previous  to  the  Exhibition  of  1851  Mr.  Hills  made  a  most 
important  discovery  with  regard  to  the  purification  of  coal  gas,  and  his 
ingenious  and  beautiful  process  has  since  received  such  an  extensive 
development  as  to  have  almost  superseded  the  old  lime  process. 
This  method  of  purification  depends  upon  two  chemical  facts,  viz., 
first,  that  hydrated  peroxide  of  iron  rapidly  combines  with  sulphu¬ 
retted  hydrogen,  and  becomes  converted  into  sulphide  of  iron  ;  and 
second,  that  the  sulphide  of  iron  thus  formed  is  rapidly  decomposed 
in  contact  with  the  air,  the  sulphur  becoming  separated  as  such, 
whilst  the  irou  is  reconverted  into  the  original  material,  hydrated 
peroxide  of  iron.  Mr.  Hills  recommends  that  the  hydrated  peroxide 
of  iron  should  be  mixed  with  a  considerable  bulk  of  sawdust  before 
it  is  placed  in  the  purifiers.  After  the  gas  has  passed  through  this 
mixture  for  eighteen  hours  it  is  shut  off,  and  replaced  by  a  current 
of  air  forced  through  by  a  fanner  for  three  hours.  The  sulphide  of 
iron  is  thus  oxidized,  sulphur  being  separated  and  hydrated  peroxide 
of  iron  regenerated;  and  the  purifying  material  being  now  revivified, 
the  impure  gas  may  be  passed  through  it  again  as  before.  In  this 
way  it  is  only  found  necessary  to  remove  the  material  once  a  month, 
in  order  to  separate  the  lowest  stratum  of  about  an  inch  in  thickness, 
which  has  become  clogged  up  with  tar.  A  proportional  quantity  of 
fresh  mixture  of  hydrated  peroxide  of  iron  and  sawdust  having  been 
added,  the  whole  is  again  returned  to  the  purifier.  It  is  difficult  to 
conceive  a  more  simple  and  inexpensive  process  of  purification  than 
this.  It  does  not,  however,  remove  carbonic  acid. 

Both  the  lime  and  oxide  of  iron  processes  of  purification  fail  to 
remove  bisulphide  of  carbon  vapour,  and  the  organic  sulphur  com¬ 
pounds  above  alluded  to,  from  coal  gas.  These  sulphur  compounds 
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produce  sulphurous  acid  during  tire  combustion  of  the  gas,  and  thus 
the  atmosphere  of  the  apartments  so  illuminated  becomes  impreg¬ 
nated  to  such  an  extent  with  sulphurous  acid  as  to  he  highly  offen¬ 
sive  to  the  senses,  and  very  destructive  to  art  decorations,  bindings 
of  hooks,  &c.  For  this  evil,  so  frequently  complained  of  by  gas 
consumers,  the  Rev.  W.  R.  Bowditch,  who  exhibits  under  482,  has 
discovered  a  remedy,  which  consists  in  passing  the  gas,  after  it  has 
been  submitted  to  one  of  the  ordinary  purifying  processes,  through 
or  over  hydrate  of  lime,  heated  to  400°  Fahr.  At  this  temperature 
hydrate  of  lime  decomposes  a  large  proportion  of  the  sulphur  com¬ 
pounds,  converting  the  carbon  into  carbonic  acid,  and  the  sulphur 
into  sulphuretted  hydrogen.  These  new  compounds  are  not  absorbed 
by  the  hot  hydrate  of  lime,  but  they  can  be  removed  by  subsequently 
passing  the  gas  through  cold  hydrate  of  lime.  The  hot  hydrate  of 
lime  retains  its  power  of  thus  effecting  the  transformation  of  an 
irremovable  impurity  into  a  removable  one  for  a  great  length  of  time. 
Should  this  ingenious  process  be  found  to  be  applicable  on  a  manu¬ 
facturing  scale,  it  will  constitute  a  most  important  improvement  in 
the  manufacture  of  coal  gas,  and  will  remove  the  last  objection  to 
the  use  of  gas  in  dwelling-houses. 

These  improvements  in  the  purification  of  gas  bring  into  greater 
prominence  those  inventions  which  have  for  their  object  the  supply 
of  this  illuminating  material  to  private  houses,  &c.,  so  situated  as  to 
be  precluded  from  obtaining  it  from  public  companies.  The  success¬ 
ful  manufacture  of  gas,  however,  on  this  limited  scale,  has  only  been 
realized  at  a  comparatively  recent  date.  Many  attempts  have  been 
made  to  manufacture  gas  from  oil,  resin,  and  similar  materials,  in 

Fig.  538. 


Porter  &  Company's  Gas  Work  for  Gentlemen's  Seats. 

seats,  &c.,  A  being  the  retort,  b  the  condenser  and  hydraulic  main, 
C  the  purifier,  and  d  the  gasholder  of  the  ordinary  construction.  The 
arrangement  of  these  miniature  works  is  exceedingly  neat  and  com¬ 
pact,  the  materials  are  of  the  best  description,  and  the  workmanship 
is  most  creditable  to  the  firm  that  has  introduced  them.  Particular 
attention  appears  to  have  been  paid  to  the  purifying  portions  of  the 
apparatus,  which  are  well  arranged  and  judiciously  adjusted  to  the 
various  sizes  of  works. 

Fig.  540  represents  Messrs.  Porter  &  Company’s  portable  appa¬ 
ratus  for  lighting  farm-steads  with  gas.  This  compact  and  complete 
apparatus  is  as  easily  removable  as  a  portable  steam  engine,  and 


small  and  portable  apparatus  ;  but  it  is  probable  that  so  long  as  good 
bituminous  coal  can  be  had  for  less  than  £5  per  ton,  there  is  no  other 
material  that  can  come  into  successful  competition  with  it  on  this 
small  scale.  A  noticeable  feature  in  the  present  Exhibition,  and  one 
that  was  not  observed  in  its  predecessor  of  1851,  is  the  show  of  small 
gas  works  in  Class  10.  Messrs.  S.  T.  P.  Porter  &  Company,  of  Lin¬ 
coln,  and  7  John  Street,  Adelphi,  exhibit  works  of  this  kind,  designed 
especially  for  mansions,  churches,  and  other  isolated  buildings.  The 
apparatus  exhibited  are  for  ten  and  fifty  lights  respectively,  but  Fig. 
538  also  shows  works  erected  by  this  firm  at  Canterbury  Cathedral, 
and  which  not  only  illuminate  the  cathedral,  but  also  the  precincts  to 
the  exent  of  five  hundred  lights.  These  apparatus  are  said  to  be  so 
constructed  that  there  is  an  avoidance  of  all  nuisance  in  their  work¬ 
ing,  and  many  of  them  have  been  placed  in  positions  very  contigu¬ 
ous  to  mansions  without  any  unpleasant  results.  Many  persons  are 
deterred  from  the  adoption  of  small  works  on  account  of  additional 
labour.  In  the  working  of  these  small  apparatus  no  additional  em- 


Porter  &  Company’s  Portable  Gas  Apparatus  for  Farm-steads. 

requires  no  brickwork  or  other  fixing,  hut  is  sent  away  from  the 
manufactory  complete. 

Messrs.  J.  Edmundson  &  Company,  of  Dublin,  also  exhibit  a  very 
neat  and  compact  portable  gas  apparatus,  which  is  represented  in 


ployment  of  labour  need  be  involved,  as  they  can,  with  a  little 
instruction,  be  managed  by  any  labourer  in  addition  to  his  other 
duties.  Fig.  539  is  an  arrangement  of  gas  work  for  gentlemen’s 


Gas  Work  for  Canterbury  Cathedral. 


Fig.  539. 
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Fig.  541.  The  furnace  is  placed  on  wheels  for  greater  portability, 
and  containing  the  cylindrical  retort ;  closed  at  top  by  a  lid  and 
below  by  the  water-box ;  the  coal  or  other  gas-generating  material 
resting  upon  a  grating  placed  somewhat  higher  than  the  base  of  the 
furnace.  The  series  of  vertical  pipes,  constitute  the  condenser, 
from  which  the  gas  passes  into  the  purifier,  and  thence  to  the  gas- 

Fig.  541. 


Edmundson  &  Company’s  Portable  Gas  Apparatus. 


holder.  Messrs.  Edmundson  &  Company  mention  the  following 
as  the  peculiar  advantages  of  this  arrangement 1st,  The  retort 
being  set  vertically  in  a  vertical  furnace,  has  all  the  advantage  of 
the  heat  of  every  part  of  the  fuel  directly,  no  flues  being  required  ; 
2nd,  The  retort  being  a  plain  cylinder,  can  be  replaced,  when  worn 
out,  in  ten  minutes  by  any  unskilled  person,  and  thus  a  good  deal  of 
the  expense  of  wear  and  tear  is  saved ;  3rd,  The  bottom  of  the  retort 
is  sealed  in  warm  water.  The  vapour  rising  from  the  latter  is 
decomposed  by  the  red-hot  coke  in  the  retort,  whereby  water  gas  is 
liberated  to  dilute  the  rich  gas  from  cannel  or  oil,  materials  which 
are  peculiarly  suited  for  use  in  domestic  gas  works,  but  which,  with¬ 
out  being  diluted,  are  too  rich  in  illuminating  continents.  4th, 
The  system  of  water-lutes  by  which  the  various  parts  of  the  apparatus 
are  connected,  and  the  metallic  lute  for  putting  in  the  charge,  render 
the  manipulation  required  so  simple  and  easy,  both  in  making  gas 
and  cleaning  the  apparatus,  that  much  labour  is  saved. 

Mr.  Leoni,  of  London,  exhibits  specimens  of  his  patent  adamas 
gas-burners  (G322).  The  ordinary  metallic  burners  have  the 
great  disadvantage  of  becoming  rapidly  oxidized  in  the  orifices 
through  which  the  gas  issues.  This  causes  not  merely  the  escape  of 
a  larger  body  of  gas  than  is  intended,  but  the  particles  of  oxide  pro¬ 
duce  a  roughness  and  flickering  in  the  flame,  thereby  considerably 
reducing  the  amount  of  light.  The  tips  of  Mr.  Leoni’s  burners  are 
made  of  an  artificial  siliceous  material  which  is  incorrodible,  and 
hence,  without  an  actual  fracture  of  the  burner,  no  widening  or 
roughening  of  the  apertures  can  occur.  The  adamas  tips  are  not 
drilled,  but  made  by  pressure,  the  apertures  being  punched  at  the 
same  time  with  one  stroke.  This  method  has  the  advantage  of 
giving  a  much  larger  aperture  inside  the  burner  than  outside,  and 
without  any  burr.  The  result  of  this  is  a  very  uniform  shape  of 
flame,  which  will  burn  without  roaring  at  a  much  greater  pressure 
than  other  burners.  Further,  the  burners  being  all  pressed  into 


moulds  of  very  exact  workmanship,  any  number  of  them  can  be  made 
to  consume  almost  exactly  the  same  quantity  of  gas. 

Similar  burners  of  natural  steatite  of  very  beautiful  workmanship 
are  also  exhibited  in  the  Zollverein  courts. 

Information  has  been  sought  in  vain  respecting  the  lime  light 
apparatus  of  Mr.  Prosser  (6338),  and  of  the  Honourable  Major 
Fitzmaurice  (2283).  New  and  more  economical  sources  of  oxy¬ 
gen  gas  have  recently  been  discovered,  which  may  render  the 
lime  light  applicable  to  lighthouses,  and  other  similar  kinds  of 
illumination ;  but  for  ordinary  purposes  it  can  scarcely  come  into 
successful  competition  with  the  usual  means  of  illumination. 

The  same  remark  also  applies  to  the  different  forms  of  electric 
and  magneto-electric  lights  (Great  Britain,  1886  and  1985,  and 
France,  1146).  The  magneto-electric  is  doubtless  the  most  econo¬ 
mical  form  of  electric  light,  still  it  has  the  great  disadvantage  of  a 
transformation  of  force.  In  the  magneto-electric  light  the  heat 
double  developed  by  the  combustion  of  coal  is  first  converted  into 
mechanical  power,  and  the  mechanical  power  is  then  transformed 
into  electricity,  which  is  again  converted  into  heat  and  light.  Now 
it  has  been  shown  by  Joule  that  in  the  first  of  these  transformations, 
even  when  effected  under  favourable  circumstances,  only  one-tenth  of 
the  heat  is  actually  realised  in  mechanical  power,  consequently  nine- 
tenths  of  the  force  developed  by  the  coal  is  lost.  This  loss  of  power, 
and  consequent  diminution  of  useful  effect,  receives  a  very  striking 
illustration  in  the  English  and  French  ice-making  machines  exhi¬ 
bited  in  the  Western  Annex.  Both  machines  derive  alike  their 
power  of  producing  ice  from  the  combustion  of  coal ;  but  in  the 
English  machine  the  heat  of  the  coal  is  first  converted  into  the 
mechanical  power  of  the  steam  engine,  which  is  then  applied  to 
produce  cold  by  evaporation.  In  the  French  machine  there  is  no 
such  preliminary  transformation  into  mechanical  power.  What  is 
the  result?  The  English  machine  produces,  according  to  the  state¬ 
ment  of  its  proprietors,  only  two  tons  of  ice  per  ton  of  coal  consumed ; 
whilst  the  French  machine  is  said  to  be  capable  of  freezing  from 
ten  to  thirteen  tons  of  water  for  each  ton  of  coal  burned  in  the 
furnace  of  the  apparatus. 

These  considerations  clearly  indicate  the  direction  in  which  the 
improvement  of  the  electric  light  must  be  sought.  Coal  being  made 
the  primary  source  of  power,  the  heat  generated  by  its  combustion 
should  be  transformed  as  directly  as  possible  into  electricity.  As  a 
step  in  this  direction,  the  researches  of  Dr.  Matthiesen  on  the  thermo¬ 
electric  property  of  tellurium  are  of  the  highest  importance.  The 
remarkable  results  obtained  by  this  physicist  are  well  worthy  the 
attention  of  those  who  are  interested  in  the  future  of  electric  illumi¬ 
nation. 


2-GLASS  MANUFACTURES,  STAINING,  AND 
PAINTING. 

By  Sebastian  Evans,  M.A. 


CASTING  an  antiquity  of  at  least  thirty 
centuries,  and  exerting  evermore  a  wider 
and  wider  influence  on  human  destinies, 
the  manufacture  of  glass  may  justly  claim 
a  foremost  place  among  those,  the  exist¬ 
ence  of  which  is  an  indispensable  condi¬ 
tion  of  human  well-being  and  civilization. 
The  bearer  of  light  from  heaven,  and 
various  in  its  forms  as  in  its  applications 
to  the  needs  of  men,  glass  is  at  once  the 
Prometheus  and  the  Proteus  of  fabrics. 
The  toy  of  childhood,  the  mirror  of  beauty,  and  the  most  splendid 
adornment  of  luxury,  it  is  in  our  dwellings  the  most  useful  appliance 
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of  ordinary  life,  and  in  our  temples,  the  storehouse  of  art  and  the 
silent  teacher  of  religion.  It  imports  to  colder  zones  the  climate  of 
the  tropics,  guides  the  mariner  through  the  darkness  of  night,  repairs 
the  defects  of  nature  and  the  decays  of  age,  gives  daylight  secure 
from  wind  and  storm,  and  empowers  the  philosopher  to  read  the 
secrets  of  the  universe. 

To  recount  the  history  of  a  manufacture  so  vast  and  various  for¬ 
tunately  falls  beyond  our  present  province ;  nor  do  we  pretend  to 
describe  all  the  processes  through  which  the  material  passes,  or  all 
the  elements  and  varying  proportions  of  elements  which  enter  into 
its  composition.  Our  task  is  simply  to  institute  a  comparison  between 
the  specimens  of  the  manufacture  displayed  in  the  International 
Exhibition  of  1862,  and  former  results  in  the  same  branches;  to 
signalize  any  novelties,  notice  any  shortcomings  or  improvements 
since  the  Exhibition  of  1851 ;  and  report  generally  on  the  present 
state  of  the  manufacture. 

During  the  eleven  years  which  have  elapsed  since  the  Exhibition 
of  1851,  it  might  have  been  expected  that  this  manufacture  would 
have  been  distinguished  by  a  signal  progress  in  all  its  branches.  In 
1851,  it  had  been  only  half  a  dozen  years  emancipated  from  the 
paralyzing  hand  of  Government  interference ;  and  yet  during  that 
time  it  had  revived  and  flourished  with  an  energy  and  productive¬ 
ness  unknown  at  any  previous  epoch  of  its  history.  All  the  old 
branches  of  the  trade  were  reinvigorated  with  fresh  vitality,  and 
new  ramifications  were  extending  in  all  directions,  fruitful  already 
in  grand  results  (not  last  nor  least  among  which  must  be  reckoned 
the  Exhibition  building  of  1851  itself),  and  even  more  fruitful  in 
promise  of  greater  and  ever  greater  achievements.  This  promise 
has  only  very  partially  been  fulfilled.  In  the  manufacture  of  glass 
unconnected  with  art,  there  is  but  little  general  progress  to  record ; 
few  new  applications  of  material,  and  very  few  new  methods  of 
production. 

By  far  the  most  valuable  improvement  during  the  eleven  years, 
is  one  which  is  not  perceptible  in  the  results  exhibited,  viz.,  the 
application  of  Siemens’  patent  gas-furnaces  to  the  manufacture  of 
glass.  This  admirable  invention,  which  will  be  found  fully  de¬ 
scribed  in  another  portion  of  our  pages,  has  already  been  introduced 
in  the  manufactories  of  Messrs.  Chance  Brothers  &  Company,  and 
Messrs.  Lloyd  and  Summerfield ;  and  although,  perhaps,  the  process 
has  hardly  had  sufficient  trial  to  be  as  yet  pronounced  decisively 
successful  in  every  single  respect,  there  can  be  little  doubt  that  it 
is  destined  at  no  distant  date  to  revolutionize  the  present  system  of 
glass-founding,  and  to  play  as  important  a  part  in  the  manufacture 
of  glass  as  in  all  others  to  which  it  has  yet  been  applied. 

With  this  important  exception,  the  manufacture  of  glass,  as  con¬ 
sidered  apart  from  the  fine  arts,  remains  nearly  where  it  was  in  1851 ; 
and  even  this  exception  belongs  rather  to  the  future  than  the  pre¬ 
sent,  since  the  practical  application  of  the  patent  to  glass  is  as  yet 
but  a  few  months  old. 

The  causes  of  this  somewhat  disappointing  result  are  to  be  found 
in  the  peculiar  conditions  of  the  manufacture.  Dependent,  as  it  is, 
so  much  on  individual  skill  and  aptitude,  and  so  little  on  machinery 
and  contrivance,  a  great  difficulty  is  thrown  in  the  way  of  practical 
interference  on  the  part  of  scientific  men,  and  the  manufacture  is 
thus  in  fact  from  beginning  to  end  almost  entirely  conducted  by  mere 
labourers,  skilful  indeed  in  their  own  craft,  but  otherwise,  taken  as 
a  class,  ignorant,  and  consequently  prejudiced  against  any  improve¬ 
ment,  however  beneficial.  Another  cause  of  the  slow  progress  of 
the  manufacture  is  to  be  found  in  the  complexity  and  obscurity  of 
the  chemical  problems  involved  in  it,  which,  partly  owing  to  the 
backward  state  of  chemical  knowledge  in  certain  departments,  but 
more  particularly  to  a  neglect  in  applying  scientific  truths  already 
demonstrated,  still  continue  to  baffle  the  efforts  of  merely  “  practical” 
men.  A  third  cause  is  one  which,  always  active  in  a  commercial 
community,  has  in  this  instance  been  enhanced  by  the  removal  of 


Government  restrictions,  viz.,  the  disinclination  of  manufacturers  to 
make  expensive  experiments  on  a  large  scale,  of  which  the  issue  is 
even  remotely  doubtful.  The  removal  of  the  duty  on  glass  exten¬ 
sively  diminished  the  proportion  of  profit  realized  by  the  manufac¬ 
turer  on  each  transaction,  and  it  was  only  by  multiplying  the  number 
of  transactions  that  he  could  continue  to  realize  the  same  amount  of 
profit.  The  proportion  of  ordinary  profits  being  thus  reduced,  the 
loss  on  any  unsuccessful  experiment  was  relatively  increased,  and 
consequently  a  greater  reluctance  felt  to  attempt  any  experiment 
at  all. 

Other  causes,  doubtless,  have  contributed,  but  these  three,  viz., 
the  dependence  of  the  manufacture  in  a  great  measure  on  ignorant 
workmen,  the  obscurity  of  its  scientific  principles,  and  the  loss  con¬ 
sequent  on  unsuccessful  experiments,  will,  I  think,  be  found  those 
which  have  principally  retarded  its  progress  during  the  last  eleven 
years.  Legislation  has  now  long  since  done  its  utmost  for  the  trade, 
by  letting  it  completely  alone ;  and  any  further  improvement  will 
depend  on  the  spread  of  education  among  the  workmen,  aud  the 
increase  of  scientific  knowledge  among  employers. 

If,  however,  the  manufacturers  of  glass  still  claim  our  congratula¬ 
tions  principally  on  the  unbounded  field  for  improvement  which  still 
lies  before  them,  it  would  be  unjust  to  deny  that  in  some  branches, 
especially  those  connected  with  art,  considerable  progress  has  been 
made.  The  application  of  gas  furnaces  has  been  already  mentioned, 
and  the  improvements  in  the  design  and  execution  of  stained  glass 
windows,  as  well  as  those  in  the  quality  and  ornamentation  of  flint 
glass,  will  come  under  more  particular  consideration.  The  atten¬ 
tion  of  our  manufacturers  is  also  already  being  practically  directed 
to  what  may  be  termed  the  crying  sin  of  the  manufacture — the 
almost  total  neglect  of  chemical  science  in  the  composition  of  glass; 
and  there  is  good  ground  for  hope  that  ere  long  an  analysis  of  any 
of  the  glass  in  ordinary  use  in  this  country  will  not,  as  it  does  at 
present,  disclose  the  fact  that  no  attempt  has  been  made  to  render 
it,  as  it  ought  to  be,  an  atomic  compound. 

One  of  the  points  which  should  be  first  attended  to  is  the  colour  of 
our  window  glass,  in  which  we  always  have  been,  and  still  are,  inferior 
to  our  continental  neighbours.  A  pure  colourless  glass  for  glazing  and 
scientific  purposes,  still  remains  a  desideratum.  A  colourless  glass 
has  indeed  been  manufactured,  but  the  absence  of  colour  was  more 
than  counterbalanced  by  its  softness,  loss  of  brilliancy,  and  more  than 
all,  its  tendency  to  “sweat,”  i.e.,  exude  a  portion  of  its  soluble  con¬ 
stituents.  Paradoxical  as  it  sounds,  it  is  a  fact  repeatedly  confirmed 
within  my  own  experience,  and  one  with  which  by  this  time  most  print- 
sellers  are  familiar,  that  outlines,  and  some  colours,  are  not  so  clearly 
visible  through  the  “extra  white”  or  colourless  glass,  as  through  glass 
of  the  same  quality,  but  of  the  ordinary  colour.  The  present  system 
of  decolorizing  glass  appears,  indeed,  to  be  generally  not  free  from 
objection.  The  usual  greenish  tint  due  to  the  presence  of  the  pro¬ 
toxide  of  iron,  is  reduced  to  a  comparatively  pale  straw  colour  by 
the  introduction  of  peroxide  of  manganese,  the  iron  having  a  stronger 
affinity  for  oxygen  than  the  manganese,  absorbing  a  portion  of  its 
oxygen  and  becoming  a  peroxide,  imparting  only  a  pale  yellow, 
while  the  peroxide  of  manganese,  itself  imparting  a  purple  tinge,  is 
reduced  to  a  protoxide,  imparting  no  colour  at  all.  A  large  portion 
of  the  glass,  however,  thus  decolorized,  and  more  particularly  the 
“  extra  white,”  and  plate  glass  generally,  is  very  liable  to  change 
colour  by  gradually  absorbing  oxygen  from  the  atmosphere.  It  thus 
happens  that  most  plate  glass,  when  new,  of  the  usual  greenish  tint, 
becomes  gradually  of  a  straw  colour  as  the  protoxide  of  iron  is  con¬ 
verted  into  the  peroxide,  while  some,  originally  of  a  pale  straw 
colour,  or  even  quite  colourless,  becomes  a  pale  pink  by  the  gradual 
conversion  of  the  colourless  protoxide  of  manganese  into  the  per¬ 
oxide.  That  these  gradual  changes  of  colour  correspond  with  altera¬ 
tions  in  the  chemical  composition  of  the  glass,  is  further  shown  by  the 
very  different  degrees  of  susceptibility  to  the  action  of  hydrofluoric 
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acid  at  different  times  in  the  same  glass.  Whether  some  process 
for  eliminating  iron  entirely  from  the  composition  of  glass,  and  thus 
insuring  freedom  from  colour  by  the  exclusion  of  colouring  matter, 
could  not  be  devised  as  a  substitute  for  the  present  system,  is  a 
question  apparently  deserving  a  more  careful  consideration  than  it 
has  yet  received. 

The  “  sweating,”  however,  of  colourless  glass  is  practically  its 
worst  defect,  rendering  it  totally  unfit  for  most  of  the  purposes  to 
which  at  first  sight  it  seemed  so  admirably  adapted.  This  is  more 
remarkably  the  case  in  photography,  where  negatives  taken  on  this 
glass  are  almost  invariably  spoilt  by  the  exudation  if  kept  for  any 
length  of  time,  and  some  of  the  finest  photographs  by  Mr.  Breese 
and  others  have  been  entirely  sacrificed  through  this  fatal  imper¬ 
fection.  The  “  sweat,”  on  examination  under  the  microscope,  is 
found  to  consist  of  minute  crystals  of  nitre,  thus  pointing  to  excess 
of  potash  as  the  cause  of  the  defect.  The  exudation  of  course  leaves 
the  glass  more  porous,  and  repeated  wiping  only  renders  dimmer  its 
already  impaired  brilliancy  by  filling  up  the  pores  with  minute  opaque 
particles.  Another  defect  perceptible  in  almost  every  specimen  of 
glass  exhibited,  in  a  greater  or  less  degree,  is  the  presence  of  striae,  pro¬ 
duced  in  part  probably  by  unavoidable  differences  of  temperature  in 
different  portions  of  the  glass  while  under  manipulation,  but  princi¬ 
pally  attributable  to  the  want  of  homogeneity  in  the  materials  of 
which  it  is  composed. 

On  the  whole  the  impression  left  on  the  mind  after  a  careful  sur¬ 
vey  of  the  glass  manufacture  as  represented  in  the  Exhibition,  is 
that  its  present  condition,  though  showing  in  some  respects  decided 
symptoms  of  progress,  still  falls  far  short  of  the  standard  of  excel¬ 
lence  demanded  by  the  needs  of  science  and  advancing  civilization. 

With  these  preliminary  remarks  we  pass  on  to  a  brief  description 
of  each  of  the  various  branches  of  glass  manufacture,  which  will 
serve  to  render  most  of  the  processes  employed  sufficiently  intelli¬ 
gible  to  the  general  reader,  and  save  subsequent  repetition.  We 
shall  then  proceed  to  make  remarks  on  any  specimens  exhibited, 
which  display  any  marked  peculiarity  or  excellence  either  in  mate¬ 
rial  or  treatment. 

Silicic  acid,  known  under  different  physical  conditions  as  silica, 
flint,  sand,  rock  crystal,  &c.,  in  combination  with  the  oxides  of  some 
of  the  light  metals,  as  sodium  and  potassium,  as  well  as  with  those 
of  some  of  the  heavy  metals,  as  lead  or  bismuth,  on  the  application 
of  heat  fuses  into  a  transparent  liquid,  which  on  cooling  solidifies  into 
the  hard  brittle  substance  known  as  glass.  Other  acids  form  similar 
compounds ;  but  for  present  purposes  glass  may  be  with  sufficient 
accuracy  defined  as  a  silicate  or  compound  of  silicates,  the  ordinary 
descriptions  consisting  principally  of  silicates  of  potassa  or  soda  in 
combination  with  the  silicates  of  lime  or  lead.  Ordinary  window 
glass  consists  principally  of  fine  sand  (the  best  English  sands  being 
procured  from  Alum  Bay  in  the  Isle  of  Wight,  Lynn  on  the  coast  of 
Norfolk,  and  from  the  neighbourhood  of  Leighton  Buzzard) ;  sul¬ 
phate  of  soda,  and  lime,  generally  introduced  in  the  shape  of  ground 
chalk.  Plate  glass  is  composed  of  nearly  the  same  materials,  with 
the  substitution  of  the  carbonate  for  the  sulphate  of  soda.  Ordi¬ 
nary  bottle  glass  is  composed  of  inferior  qualities  of  the  same  con¬ 
stituents,  with  the  substitution  of  soapers’  waste  for  the  alkaline 
element,  while  flint  glass  consists  of  the  best  sand,  carbonate  of 
potash,  and  red  lead  or  litharge. 

Besides  these  principal  elements  several  others,  such  as  nitre, 
arsenic,  manganese,  &c.,  are  used  in  comparatively  minute  pro¬ 
portions  for  improving  the  colour  or  other  special  purposes ;  and 
others  again,  such  as  iron,  enter  into  the  composition  of  glass,  which 
it  has  hitherto  been  found  impossible  to  eliminate.  When  these 
ingredients  are  fused,  a  quantity  of  waste  glass  or  “  cullet”  is  also 
added,  in  order  to  facilitate  the  melting. 

The  pots  in  which  the  glass  is  fused  (Fig.  542)  are  made  of  Stour¬ 
bridge  clay,  kneaded  and  built  up  entirely  by  hand,  no  machinery 
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having  yet  been  invented  which  can  produce  pots  of  equal  strength 
and  durability;  the  pots  for  flint  glass  being  much  smaller  than 
those  for  window  glass,  and  having  a  hood  or  cover  to  prevent  the 
deoxidation  of  the  lead  by  the 
carbon.  In  these  pots  the  glass  Flg- 542' 

is  thoroughly  fused  at  a  high 
temperature  for  a  considerable 
time,  and  is  then  allowed  to  cool 
to  a  suitable  cohsistency  for 
working.  Sheet  glass  is  blown 
in  long  cylinders,  which,  after 
the  ends  are  removed,  are  split 
down  their  length  by  a  diamond, 
and  afterwards  flattened  out  in  a 
flattening  kiln,  a  far  larger  sheet 
being  thus  produced  than  by 
any  other  process  of  blowing 
glass.  Besides  all  the  ordinary 
sheet  glass,  most  of  the  coloured  ■window  glass  is  produced  by 
this  process;  coloured  glass  being  again  divisible  into  “pot-metal,” 
i.e.,  glass  of  the  same  colour  throughout  its  whole  thickness,  or 
“  flashed,”  the  colour  in  this  case  being  merely  a  thin  film  spread 
over  a  body  of  colourless  glass.  “  Flashed”  glass  is  produced  by 
the  “  gatherer”  first  dipping  his  pipe  into  a  pot  of  coloured  glass, 
blue,  green,  ruby,  &c.,  as  the  case  may  be,  and  then  into  one  of 
colourless  glass,  both  being  then  blown  into  cylinders  together. 

The  surface  of  sheet  glass  is  always  more  or  less  defective,  inas¬ 
much  as  the  circumference  of  the  exterior  of  the  cylinder  being 
greater  than  that  of  the  interior,  when  the  cylinder  is  flattened  out, 
the  interior  surface  is  forced  to  expand  and  the  exterior  to  contract, 
and  a  perfectly  level  surface  is  unattainable  by  any  process  in  the 
kiln.  The  “  patent  plate”  glass  of  Messrs.  Chance  Brothers  &  Com¬ 
pany  is  sheet  glass  ground  and  polished  to  a  surface  equal  to  that 
of  plate  glass  by  a  highly  ingenious  though  simple  mechanism,  the 
invention  of  Mr.  James  T.  Chance. 

Glass  shades  for  ornaments,  &c.,  are  produced  hy  the  same  pro¬ 
cess  as  the  cylinders  for  sheet  glass,  being  in  fact  merely  truncated 
cylinders,  some  being  shaped  so  as  to  present  an  ovoid  section  by 
passing  them  between  blocks  of  wood  during  the  process  of  blowing. 

Crown  glass,  an  exclusively  British  manufacture,  is  first  blown  in 
a  spheroid  form,  having  a  knob,  the  “  bull’s  eye”  or  “  bullion”  oppo¬ 
site  to  the  pipe  of  the  blower.  A  piece  of  iron  called  a  “  pontil”  is 
attached  to  the  bull’s  eye,  and  the  pipe  being  detached  the  glass  is 
again  heated,  and  being  rotated  by  means  of  the  pontil  in  front  of 
the  furnace,  gradually  spreads  out  into  a  perfectly  flat  circular  table, 
having  the  bull’s  eye  in  the  centre,  the  process  being  one  of  the 
most  beautiful  in  the  whole  range  of  glass  manufacture. 

Rough  and  ribbed  rolled  plate  glass,  also  an  exclusively  British 
manufacture,  the  invention  of  Messrs.  Hartley,. is  made  by  ladling 
a  mass  of  “  metal,”  as  the  fused  glass  is  called,  out  of  the  pot  on  to 
an  iron  table,  and  rolling  it  out  by  means  of  a  heavy  roller.  Plate 
glass  is  also  made  in  a  somewhat  similar  manner,  the  metal  being 
removed  from  the  furnace  in  a  “  cuvette”  or  large  crucible,  poured 
in  a  liquid  mass  on  a  table,  and  rolled  out  on  it  with  a  heavy 
copper  cylinder — the  plate  of  glass  thus  obtained  being  after¬ 
wards  ground  and  polished,  either  by  hand  or  more  frequently  by 
machinery. 

The  foregoing  are  the  principal  branches  of  the  manufacture  in 
flat  glass ;  we  must,  however,  notice  microscopic  glass,  made  on 
the  principle  of  crown  glass,  but  of  a  thickness  not  exceeding  that 
of  paper  ;  and  optical  glass,  both  flint  and  crown,  the  most  difficult, 
on  a  large  scale,  of  any  of  the  branches  of  the  manufacture.  Flint 
glass  for  optical  purposes  is  made  by  stirring  the  metal,  which  con¬ 
tains  a  large  proportion  of  lead,  in  the  crucible,  and  allowing  it  very 
gradually  to  cool.  When  cool,  the  crucible  is  broken  away  and  the 
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glass  broken  up  into  pieces,  which  are  afterwards  heated  and  pressed 
into  a  cake-like  form. 

Before  leaving  this  part  of  our  subject,  we  may  also  describe  the 
process  of  painting  and  staining  glass  for  windows.  Painted  glass 
is  broadly  divisible  into  two  quite  distinct  kinds,  viz.,  “  enamel”  and 
“  mosaic.”  In  the  former  the  colours  are  laid  on  the  glass  in  the 
shape  of  “  enamels,”  or  verifiable  pigments,  and  are  afterwards  burnt 
in,  while  in  the  latter  the  picture  is  made  up  by  cutting  out  pieces 
of  glass  of  the  various  colours  required,  and  joining  them  together  by 
means  of  grooved  lead,  after  the  necessary  outlines  and  shades  have 
been  burnt  on  in  opaque  colour.  As  all  enamels  are  more  or  less 
opaque,  the  former  process  destroys  the  transparency  of  the  glass  to 
a  greater  extent  than  the  latter ;  and  as  no  enamel  can  rival  the 
depth  and  brilliancy  of  the  colours  obtainable  in  glass  itself,  it  is  also 
inferior  in  these  respects.  All  the  early  examples  of  painted  church 
windows  are  mosaic,  as  are  also  all  the  modern  executed  in  the 
ancient  style.  In  France  and  Germany,  however,  a  large  proportion 
of  church  windows  are  executed  in  a  style  partaking  of  both  cha¬ 
racters,  such  as  those  lately  erected  in  Glasgow  Cathedral.  In  some 
kinds  of  enamelled  painting  great  advantage  is  gained  by  the  use  of 
flashed  glass,  the  flash  or  film  of  colour  being  removed  by  hydro¬ 
fluoric  acid  in  every  portion  where  it  is  not  required,  and  the  enamels 
being  laid  on  the  colourless  ground.  The  employment  of  the  oxide  of 
silver  for  giving  a  transparent  yellow  stain  of  any  depth  (a  process  to 
which  the  term  “staining”  is  technically  restricted)  is  also  equally 
useful  in  both  styles.  Further  details  with  regard  to  stained  glass, 
however,  will  come  under  consideration  in  noticing  the  various 
specimens  exhibited. 

Shaped  glass,  either  bottle  or  flint,  is  either  blown  moulded,  or 
pressed.  The  numberless  varieties 
of  shape  in  blown  glass,  render 
it  impossible  to  give  a  general  de¬ 
scription  which  will  apply  to  all. 
In  the  great  majority  of  cases,  how¬ 
ever,  the  glass  is  blown  into  a  shape 
somewhat  approaching  that  which  it 
is  ultimately  to  assume,  a  pontil  is 
attached  opposite  to  the  pipe,  which 
is  then  broken  off,  and  the  glass  adher¬ 
ing  to  the  pontil  is  shaped  with  a  few, 
very  few,  simple  tools  while  being 
rotated,  as  shown  in  the  engraving 
(Fig.  543),  on  a  glass-maker's  chair. 
Moulded  glass,  including  nearly  all  the  ordinary  varieties  of  bottles, 
is  made  by  blowing  the  glass  into  a  mould,  the  blowing  rendering 
the  article  hollow,  and  the  mould  giving  its  shape  to  the  exterior. 


In  pressing  glass  the  metal  is  dropped  into  a  mould  of  the  shape 
required  for  the  exterior,  and  a  plunger  of  the  shape  required  for  the 
interior  is  forced  into  it.  In  both  moulded  and  pressed  glass  tho 


article  is  generally  finished  off  by  being  attached  to  a  pontil,  reheated, 
and  rotated  on  the  chair. 

Glass  cutting  is  executed  by  applying  the  glass  to  be  cut  first  to  a 
cast-iron  wheel  with  sand  and  water,  then  to  a  stone  wheel,  and 
lastly  to  a  wooden  wheel  or  “lap”  for  the  polishing  with  pumice, 
rotten-stone,  and  putty  powder.  For  polishing  chandelier  drops, 
&c.,  a  lead  wheel  with  a  little  fine  rotten-stone  and  water  is  sub¬ 
stituted. 

In  engraving  glass,  copper  discs  rotating  in  a  lathe,  and  finely 
pulverized  emery  mixed  with  oil,  are  used  to  execute  the  outline 
and  ground  ;  and  for  the  polished  work  leaden  discs  and  very  finely 
pulverized  emery.  Coarse  engraving  is,  however,  for  the  most  part 
executed  by  means  of  the  glass-cutter’s  smoothing  wheel.  Etching 
by  means  of  hydrofluoric  acid  has  also  been  occasionally  employed, 
but  the  effect  is  seldom  satisfactory.  Fig.  544  shows  a  variety  of 
table  glass,  plain,  cut,  and  engraved,  by  Messrs.  Speirs  &  Son  of 
Oxford  (6791 ). 

We  now  turn  to  an  examination  of  the  more  remarkable  speci¬ 
mens  exhibited  in  each  of  the  foregoing  branches  of  the  manufacture. 
With  regard  to  ordinary  sheet  glass  little  is  to  be  said ;  the  manu¬ 
facture  remains  almost  exactly  where  it  was  in  1851 ,  and  no  improve¬ 
ment  is  perceptible  in  colour  or  manipulation.  That  of  Messrs. 
Chance  Brothers  &  Company  maintains  its  reputation  as  excellent 
in  every  respect  but  colour,  in  which  it  is  still  distanced  by  the 
foreign  manufacturers.  An  interesting  series,  showing  the  various 
stages  through  which  the  glass  passes  in  the  manufacture  both  of 
sheet  and  crown,  is  exhibited  by  Messrs.  Chance  (6716),  their  samples 
of  crown  glass  being  the  only  ones  exhibited. 

In  coloured  glass  for  church  windows  the  samples  of  Messrs.  J. 
Powell  &  Sons  (6737)  maintain  their  superiority,  and  some  of  the 
tints  exhibited  are  both  novel  and  useful. 

In  “  patent  plate”  glass,  rolled  glass,  optical  and  microscopic  glass, 
there  is  no  novelty  or  improvement  to  call  for  notice.  The  exten¬ 
sive  application  of  the  rolled  glass  to  ecclesiastical  work,  .and  of  the 
patent  plate  to  photographic  purposes  since  1851,  should,  however, 
not  be  overlooked. 

In  nearly  all  of  these  branches,  including  the  article  of  glass  shades, 
larger  specimens  were  exhibited  in  1851  than  any  to  be  found  in 
the  present  Exhibition.  This,  however,  is  owing  to  no  decline  in 
the  manufacture,  but  simply  to  the  fact  that  the  manufacturers  have 
been  anxious  rather  to  display  samples  of  articles  made  in  the  general 
course  of  business,  than  to  get  up  any  special  specimens  for  mere 
ad  captandum  purposes. 

In  plate  glass  the  British  manufacturer  is  distanced  by  his  foreign 
competitor,  both  in  size  and  quality.  The  large  plate  exhibited  by 
the  “  Societe  des  manufactures  deglaces,”  &c.  (Belgium,  856),  which 
measures  17  feet  4  inches  by  10  feet  11  inches,  is 
remarkable  for  its  size,  but  is  much  disfigured  by 
striie.  In  point  of  quality  the  glass  exhibited  by 
the  St.  Gobain  Plate  Glass  Company  (Aix-la- 
Chapelle,  Prussia,  2147),  appears  to  us  superior  to 
any  other  in  the  Exhibition,  and  fully  maintains  the 
ancient  celebrity  of  its  exhibitors.  This  company 
many  years  ago  secured  the  services  of  the  most 
eminent  chemist  of  his  day,  Gay-Lussac,  and  his 
son  succeeded  him  as  chemical  director  of  the 
concern— the  result  of  this  employment  of  high 
scientific  talent  being  an  unprecedented  improve¬ 
ment  in  the  manufacture,  and  a  permanent  com¬ 
mercial  success.  When  English  manufacturers 
enter  on  the  same  course  the  same  results  will 
follow,  and  in  all  probability,  not  till  then. 

We  now  come  to  a  branch  of  the  manufacture  which  forms  a  most 
important  feature  in  the  Exhibition,  viz.,  stained  and  painted  glass. 

No  display  of  the  kind  has  ever  before  been  seen  in  this  country  ; 


Fig.  513. 


Glass-maker’s  Chair. 


Fig.  544. 


Specimens  of  Table  Glass  by  Messrs.  Spiers  &  Son’s — Plain,  Cut,  and  Engraved* 
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the  few  isolated  specimens  exhibited  in  1851  being  scarcely  entitled 
to  rank  as  a  representative  exhibition  of  this  branch  of  industrial 
art.  It  is  much  to  be  wished  that  an  annual  exhibition  of  works  in 
stained  glass  could  be  held,  where  the  public  might  decide  on  the 
merits  of  the  various  artists,  and  thus  bring  the  wholesome  breath 
of  popular  criticism  to  bear  on  an  art  which,  more  than  any  other, 
has  suffered  from  the  one-sided  verdicts  of  professional  cliques,  and 
the  dicta  of  theorizing  dilettanti.  Even  the  present  Exhibition, 
scattered,  ill-arranged,  and  ill -seen  as  it  is,  is  calculated  to  do  great 
good.  It  makes  our  manufacturers  acquainted  with  what  others 
are  doing,  enables  the  public  to  decide  on  their  respective  merits, 
and  will  doubtless  materially  assist  in  breaking  up  the  system  of 
servile  medievalism,  which  has  so  long  hindered  real  progress. 

In  comparing  the  relative  merits  of  English  and  Continental 
glass-painting,  the  first  thing  that  strikes  us  is  that  the  French 
artists  more  particularly  far  excel  us  in  the  art  of  reproducing 
mediaeval  ecclesiastical  glass-work.  Every  peculiarity,  every 
beauty,  every  defect  of  early  work,  is  preserved  with  an  almost 
superstitious  accuracy ;  and  if  the  imitation  of  ancient  glass  were 
the  true  end  and  aim  of  modern  glass-painting,  the  windows 
exhibited  by  M.  Lusson  (3305),  M.  Coffetier  (3312),  M.  Oudinot 
(3298),  M.  Boner  (3301),  and  perhaps  more  than  any,  by  M. 
Didron  (3306),  may  be  considered  as  the  perfection  of  this  branch 
of  art.  Some  of  these  windows,  indeed,  look  like  real  mediaeval 
glass  just  cleaned  for  the  occasion,  and  might  be  set  up  side  by 
side  with  some  of  the  windows  of  Bourges  or  Chartres,  without 
striking  the  eye  as  merely  reproductions  in  the  same  style.  So  far, 
great  praise  is  due  to  these  artists.  They  set  up  a  standard  for 
imitation,  and  in  no  respect  have  they  fallen  short  of  it — an 
encomium  which  cannot,  I  think,  be  applied  to  any  of  their  English 
competitors. 

The  latter  half  of  the  19th  century,  however,  differs  widely  in 
taste  and  sentiment,  knowledge  and  appliances,  from  any  period 
in  the  “mid-ages  of  faith,”  and  these  literal  reproductions  of  medie¬ 
val  art  impress  the  general  mind  with  feelings  akin  to  those  pro¬ 
duced  by  the  restored  megatherium  at  the  Crystal  Palace.  They 
belong  to  an  extinct  race,  extinct  even  beyond  the  powers  of  gal¬ 
vanism.  The  needs  of  life  require  a  living  art,  only  let  it  be  living , 
and  we  care  not  for  the  form.  The  living  congeners  of  the  mega¬ 
therium  differ  considerably  both  in  size  and  shape  from  their  fossil 
ancestor.  These  grotesque  figures,  with  their  splay  mouths  and 
limbs,  and  impossible  convolutions  of  drapery,  belong  to  an  age  which 
can  never  be  restored  ;  and  though  the  originals  are  well  worthy  of 
careful  scientific  study,  we  cannot  accept  the  imitations,  however 
successful  as  imitations,  as  by  any  means  adapted  to  the  require¬ 
ments  of  the  present.  As  evidences  of  a  careful  study  of  archaeo¬ 
logy!  these  windows  are  deserving  of  high  praise  ;  as  specimens  of 
a  living  art,  they  are  absolutely  worthless. 

In  the  later  styles,  the  French  artists  are  hardly  so  successful 
MM.  Laurent  &  Gsell  (3307),  however,  exhibit  a  window  in  the 
17th  century  style,  of  great  merit. 

In  enamel  work  the  best  specimen  is  “  The  Artist,”  by  M. 
Mardchal  of  Metz  (3304).  The  figures  for  Metz  Cathedral  (3313), 
by  M.  Marechal,  jun.,  show  also  considerable  skill.  The  style,  how¬ 
ever,  in  which  these  works  is  executed — a  compromise  between 
mosaic  and  enamel — is  open  to  objection.  It  appears  to  combine 
almost  all  the  defects  of  both  methods,  without  attaining  the 
characteristic  beauty  of  either.  It  may  be  doubted  whether  any 
effect  produced  in  these  windows,  could  not  have  been  produced 
equally  well  in  oiled  silk.  There  is,  unfortunately,  a  taste  for  this 
peculiar  kind  of  work  growing  up  in  this  country,  and  it  is,  perhaps, 
to  be  regretted  that  so  much  clever  painting  has  been  lavished  on 
these  works,  while  other  windows,  in  far  more  legitimate  styles, 
have  been  so  shabbily  treated  in  artistic  respects.  Before  leaving 
the  foreign  exhibitors  of  stained  glass,  mention  should  be  made  of 


the  “  Virgin  and  Child,”  by  Bertini  of  Milan  (2020),  and  the  Pom¬ 
peian  window  of  P.  Nicod  (3300),  which,  though  not  altogether 
successful,  has  to  some  extent  the  merit  of  novelty. 

Before  entering  on  an  examination  of  the  English  stained  glass, 
it  may  be  well  to  notice  some  of  the  canons  of  criticism  by  which 
it  is  usually  judged.  One  canon,  and  a  perfectly  just  one  when 
rightly  understood,  is  that  the  transparency  of  the  glass  must  on 
no  account  be  sacrificed.  This  is  interpreted  by  many  critics  to 
mean  that  in  all  stained  glass  dark  shadow's  are  to  be  sedulously 
avoided,  and  that  the  effect  must  in  all  cases  be  produced  by  out¬ 
lines  with  very  slight  shadows,  assisted  by  the  natural  tints  of  the 
glass.  The  fallacy  of  this  interpretation  consists  in  the  assumption 
that  a  large  amount  of  dark  shade  must  necessarily  destroy  tians- 
prrency,  and  the  further  assumption  that  in  all  stained  glass  the 
object  to  be  attained  is  identical.  The  fact  is,  however,  that  almost 
any  amount  or  depth  of  shade  may  be  employed  without  destroying 
transparency,  and  in  a  manner  to  render  it  impossible  to  doubt  for 
a  moment  that  the  material  on  which  it  is  painted  is  transparent 
glass ,  and  not  oiled  silk,  or  any  other  merely  translucent  substance. 
Again,  the  object  to  be  attained  by  stained  glass  is  by  no  means 
always  identical.  Frequently  it  is  employed  as  an  agreeable 
means  of  subduing  light,  or  excluding  an  unpleasant  or  unnecessary 
view.  Sometimes,  again,  it  is  simply  employed  for  the  display 
of  its  own  beauty,  in  situations  w’here  light  is  no  object.  In  all  of 
these  cases,  a  large  amount  and  depth  of  shade  are  allowable,  and 
sometimes  indispensable.  In  admitting  the  truth  of  the  canon, 
therefore,  we  must  not  judge  of  works  on  glass  by  the  quantity  of 
shade,  or  its  intensity.  All  that  we  have  a  right  to  require  of  the 
artist  is,  that  he  shall  suit  his  shadows  to  the  requirements  of  the 
case,  and  never  permit  us  to  forget  that  we  are  looking  at  a  material 
of  which  the  peculiar  beauty  is  its  transparency. 

Another  canon  usually  admitted  is  that,  glass  being  a  fragile 
material,  good  taste  requires  that  no  great  amount  of  labour  should 
be  bestowed  upon  it.  Of  all  canons  ever  laid  down  by  a  theorizer, 
none,  surely,  was  ever  more  absurd  than  this.  Of  all  materials  ever 
used  for  the  purposes  of  pictorial  art,  none  is  so  indestructible  as  glass. 
More  than  seven  centuries  have  passed  over  some  of  the  stained 
glass  in  the  churches  and  cathedrals  of  Europe,  which  still  retains 
its  outlines  and  shades,  and  the  gemlike  brilliancy  of  its  hues  un¬ 
obliterated  and  undecayed.  Where  are  the  frescoes,  and  pictures, 
and  cartoons  of  the  same  period  ?  But  it  is  useless  to  multiply 
arguments.  If  any  painter  can  boast  of  a  material  that  will  with¬ 
stand  the  ravages  of  time,  and  can  hope  to  appeal  to  the  verdict  of 
far  off  generations  of  men,  it  is  the  painter  on  glass,  and  that  criti¬ 
cism  is  false  which  would  encourage  him  to  spare  his  labour  on  the 
ground  of  the  perishable  nature  of  his  material.  Very  frequently, 
indeed,  it  happens  that  careful  elaboration  in  stained  glass  is  super¬ 
fluous,  if  not  injurious ;  but  in  many  cases  where  the  glass  is 
intended  to  be  near  the  eye,  and  where  the  eye  will  frequently  be 
resting  upon  it  with  leisure  to  examine  carefully  and  thoughtful]}', 
no  amount  of  labour,  if  well  directed  and  artistic,  can  be  rightly 
considered  excessive  either  by  conscientious  artist  or  competent 
critic. 

That  painted  glass  windows,  as  part  and  parcel  of  the  wall, 
should  partake  of  an  architectonic  character,  is  one  of  the  funda¬ 
mental  laws  of  glass-painting,  and  it  is  probably  a  distorted  deduc¬ 
tion  from  this  axiom  that  gave  rise  to  this  preposterous  fallacy  that 
elaboration  is  always  wasted,  and  consequently  wrong  in  principle, 
when  applied  to  glass.  It  was  felt  probably  that  the  ordinary  laws 
of  mural  decoration  did  not  apply  to  windows,  and  it  was  hasti'y 
assumed  that  the  reason  of  their  inapplicability  was  the  solidity  and 
durability  of  the  wall  as  compared  with  the  glass,  while,  in  fact,  it 
is  simply  the  transparency  of  the  one  and  the  opacity  of  the  other. 
A  consideration  of  the  use  and  purpose  of  windows  will  probably 
enable  us  to  come  to  a  generally  correct  conclusion  in  all  cases. 
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A  window  to  be  seen  through  should  be  considered  as  a  hole  in  a 
wall ;  one  not  to  be  seen  through,  as  a  part  of  the  wall,  rendered 
transparent  for  the  purpose  of  admitting  light.  One  part  of  the 
wall,  however,  should  not  be  manifestly  less  durable  than  another, 
and  a  good  stained-glass  window  must  not  only  possess,  but  show 
that  it  possesses  strength,  security,  and  cohesion.  Its  bars  and 
leadwork  should  on  no  account  be  concealed  or  disguised,  forming, 
as  they  do,  the  artist’s  justification  for  spending  his  labour  on  the 
window.  Its  outline  and  design  should  be  firm  and  decisive  beyond 
the  requirements  of  a  picture  on  an  opaque  surface ;  its  principal 
lines  more  continuous ;  its  general  treatment  simpler,  allowing  a 
greater  amount  of  symmetry  and  even  stiffness  of  arrangement;  and 
above  all,  its  whole  feeling  and  spirit  should  harmonize  and  unite 
with  the  stonework  in  which  it  is  framed. 

One  other  point  appears  to  demand  notice.  In  all  pictorial 
representation  on  glass,  transparency  is  a  necessary  condition. 
Natural  objects  being  almost  universally  opaque,  an  element  of 
impossibility  is  thus  introduced  into  glass  pictures  of  them  by  the 
necessity  of  treating  them  transparently.  Into  all  art  of  every 
kind  in  which  the  representation  of  nature  is  attempted,  this 


has  understood  the  conditions  under  which  he  works,  and  made 
use  of  them  to  the  best  advantage. 

In  returning  to  an  examination  of  the  stained  glass  exhibited,  it 
is  to  be  observed  that  in  a  display  of  this  kind  we  are  in  a  great 
measure  deprived  of  the  means  of  arriving  at  a  correct  judgment, 
in  consequence  of  the  windows  being  placed  in  situations  for  which 
they  were  not  intended.  As  the  proper  treatment  of  a  window 
depends  greatly  on  its  situation,  and  the  purpose  which  it  is  meant 
to  fulfil,  we  are  wholly  at  a  loss  in  many  cases  to  decide  whether 
the  treatment  has  been  judicious  or  not  in  the  specimens  before  us. 
So  much,  however,  being  premised,  we  shall  endeavour  to  point  out 
their  general  merits  and  defects  with  as  much  fairness  as  the  pre¬ 
sent  position  of  the  windows  and  our  own  limited  ability  will  permit. 

Among  the  most  remarkable  windows  exhibited  must  be  classed 
those  of  Messrs.  Clayton  &  Bell,  in  the  stained  glass  gallery  (G718), 
displaying,  as  they  do  in  some  respects,  a  higher  order  of  artistic  merit 
than  any  others  exhibited.  The  window  on  the  spectator’s  left  (the 
Official  Catalogue,  by  the  way,  is  exceedingly  inconvenient,  lumping, 
as  it  does,  all  the  works  by  one  exhibitor  under  one  collective  number), 
is  exceedingly  original  and  beautiful ;  and  the  very  sparing  use  of 


Fig.  515. 
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Entombment  Procession — Stained  Glass- 

“  impossible  ”  element  enters  to  a  greater  or  less  degree  ;  and  by 
the  action  of  laws,  which  our  space  forbids  us  now  to  elucidate,  the 
amount  of  divergence  from  purely  natural  form  or  “  conventional¬ 
ism,”  as  it  is  termed,  which  is  permissible  in  any  art,  depends  on 
the  greater  or  less  prominence  of  this  feature.  Perhaps  the  nearest 
parallel  in  art  to  glass-painting  is  the  opera.  In  this  case,  the 
“  impossible  ”  element  is  music,  and  in  both,  the  “  impossible  ” 
element  is  of  scarcely  less,  if  not  of  absolutely  greater  value  and 
importance,  than  the  representation  itself.  The  amount  of  conven¬ 
tionalism  permissible  is  therefore,  in  both  cases,  very  great.  The 
mind  having  once  accepted  the  condition  of  transparency  in  the  one 
case,  and  music  in  the  other,  is  prepared  further  to  accept  without 
any  sense  of  incongruity,  any  divergence  from  actual  natural  repre¬ 
sentation  which  is  justifiable  by  the  conditions.  Many  of  the 
ordinary  objections,  therefore,  urged  against  representations  in 
glass,  on  the  ground  of  being  “  unnatural  ”  and  the  like,  may  be 
classed  with  those  made  against  the  opera,  because  in  real  life  men 
and  women  enact  their  parts  without  singing  them,  and  unaccom¬ 
panied  by  fiddle  or  trombone.  Criticism  of  this  kind  is  quite 
beside  the  real  question  to  be  asked,  which  is,  whether  the  artist 


-by  Messrs.  Ileaton,  Butler,  &  Bayne. 

colour  and  ornament  in  a  medallion  window  of  the  kind,  is  an 
innovation  amply  justified  by  its  success.  There  can,  we  believe,  be 
little  doubt  that  the  earlier  mediaeval  artists  in  glass  who  executed 
the  best  of  the  windows  at  Canterbury  and  Chartres,  had  studied 
such  fragments  of  classic  art  as  were  at  that  time  accessible.  The 
artist  of  this  window,  treading  in  their  footsteps,  has  infused  an  even 
larger  proportion  of  classic  grace  into  his  figures,  while  preserving  a 
thoroughly  mediaeval  spirit  throughout — a  feat  requiring  the  exer¬ 
cise  of  no  little  knowledge  and  artistic  skill.  The  St.  Cecilia  hardly 
pleases  us  so  well.  There  is  something  of  early  Italian  feeling  in 
the  principal  figure  and  in  the  colouring,  but  the  angels  with  the 
organ  are  affected  in  attitude,  and  the  general  effect  is  unsatisfactor}'. 

Passing  on  from  these  to  the  windows  of  Messrs.  Heaton,  Butler, 
&  Bayne  (G727),  we  are  struck  with  the  evident  influence  that  has 
been  exerted  on  all  the  later  works  of  this  firm  by  their  temporary 
connection  with  Messrs.  Clayton  &  Bell.  The  “  Adoration  ”  window 
is  the  least  to  our  taste,  the  ultra-mediaeval  treatment  being  its 
most  remarkable  feature.  The  Oriental  accessories  introduced  in 
the  “  Ruth  ”  window,  as  well  as  in  that  in  the  Western  Transept  are 
well  managed,  and  give  a  pleasant  variety  without  appearing  incon- 


STAINED-GLASS  WINDOWS 


One  light  of  the  Great  West  Window  of  St.  Peter’s 
Church,  Lavenham,  Suffolk,  by  Messrs.  Lavers 
&  Barraud. 


Design  from  Tennyson’s  “  Idylls  of  the  Kings,”  by  Messrs.  Lavers  & 
Barraud. 


"Aaron,”  Designed  for  Eton 
College  Chapel,  by  Messrs. 
O’Connor  of  Berners  St» 


STAINED-GLASS  WINDOWS 


"Act  of  Mercy  Winiow,”  designed  for  St.  Nicholas’  Church,  Harpenden,  by  Messrs,  Heaton, 
Butler,  &  Bayne,  Cardington  Street, 
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gruous.  The  best  work,  however,  exhibited  by  this  firm  is  the  panel 
in  the  Western  Transept,  representing  the  Entombment  Procession, 
of  which  we  give  an  engraving  (Fig.  545),  which,  both  in  design, 
colour,  and  execution  is  eminently  successful.  In  this,  however, 
and  in  several  of  the  other  windows  the  system  of  constructing  a 
sky  by  leading  up  small  pieces  of  various  tints  of  blue  appears  to  be 
carried  somewhat  to  excess. 

The  windows  by  Messrs.  J.  Hardman  &  Company  (6725)  are  numer¬ 
ous,  and,  generally  speaking,  excellent  of  their  kind.  The  influence 
of  the  late  A.  W.  Pugin  (to  whom,  by  the  way,  Messrs.  Heaton  are 
indebted  for  the  leading  idea  in  their  treatment  of  the  heraldic  por¬ 
tion  of  their  “  national  ”  window),  is,  however,  apparent  in  a  some¬ 
what  slavish  adherence  to  mediaeval  models  and  methods  of  treat¬ 
ment.  The  great  east  window  for  Doncaster  Church,  at  the  end  of 
the  Eastern  Transept,  containing  twenty-four  medallions  represent¬ 
ing  the  life  of  Christ  is  a  fine  specimen  of  quasi-mediseval  art,  though 
rather  mechanical,  and  somewhat  marred  in  effect  by  the  preponder¬ 
ance  of  blue.  The  Unett  memorial  window  is  also  too  blue,  and 
not  so  satisfactory  in  design.  The  same  criticism  applies  also  to 
the  great  window  for  Worcester  Cathedral.  The  window  for  the 
crypt  at  Norwich  is  excellent  both  for  design  and  colour  in  the 
ornament ;  and  the  one  for  Canterbury  is,  on  the  whole,  the  best 
English  reproduction  of  twelfth  century  work  exhibited.  The  series 
for  All-Souls,  Oxford,  however,  strikes  us  as  the  most  successful  of 
any  of  Messrs.  Hardman’s  windows,  the  grouping,  drawing,  and 
colouring  being  all  of  a  very  high  order  of  merit.  Nearly  all  the 
faces  are  too  broad  for  their  height — a  fault  observable  in  almost 
all  of  the  windows  from  this  establishment. 

Of  the  works  exhibited  by  Messrs.  Chance  Brothers  &  Company 
in  this  department,  it  would  be  unbecoming  in  me  to  speak.  As 
the  artist  of  the  “  Robin  Hood  ”  window,  however,  I  may  be  per¬ 
mitted  to  observe  that  my  design  in  this  work  was  to  show  that 
other  styles  besides  those  usually  in  vogue  may  be  treated  in 
stained  glass ;  that  stained  glass  is  as  applicable  to  domestic  as  to 
ecclesiastical  decoration ;  and  that  our  old  ballads  and  traditions 
supply  abundant  subjects  which  may  be  appropriately  illustrated  in 
glass. 

The  window  for  Lavenham  Church  by  Messrs.  Lavers  &  Barraud 
is  good  in  colour  and  execution,  but  the  drawing  of  the  hands  and 
feet,  and  some  of  the  heads  is  clumsy.  Their  “  Last  Judgment  ”  is 
cleverly  managed,  and  the  general  execution  very  good.  The  little 
window,  however,  illustrating  a  passage  in  Tennyson’s  “  Idyls  of  the 
King,”  is,  on  the  whole,  their  best  work,  and  has  also  the  merit  of 
novelty.  The  little  circlets  at  the  top  of  the  window  containing 
heads,  are  admirably  executed.  Our  Plate  will  give  an  idea  of  the 
outline  and  general  treatment.  The  windows  designed  by  Mr.  E. 
B.  Jones — one  executed  by  Messrs.  Lavers  &  Barraud,  and  another 
by  Messrs.  Powell  of  Whitefriars  (6737) — have  been  highly  praised 
in  certain  circles,  and  justly  so,  if  a  pleasant  confusion  of  colour  be 
the  principal  object  to  be  aimed  at  in  painted  glass.  The  employ¬ 
ment  of  enamel  colours  in  portions  of  the  work  may  be  open  to 
question  as  to  its  legitimacy,  though  we  should  hesitate  before 
condemning  it.  Far  graver  faults,  in  our  opinion,  are  the  utter 
confusion  of  the  design,  which  is  in  many  portions  quite  unintel¬ 
ligible,  and  the  lack  of  artistic  power  in  the  expression  and  general 
draughtsmanship.  A  window  designed  by  Mr.  Street,  and  also 
exhibited  by  Messrs.  Powell,  is  equally  deficient  in  correct  drawing 
and  not  so  satisfactory  in  colour.  The  quality  of  the  glass  used  in 
the  windows  of  Messrs.  Powell  is,  as  might  be  expected,  exceed¬ 
ingly  good.  Their  specimens  of  “  pressed”  glass  for  church  win¬ 
dows  (Figs.  546  to  550),  though  not  destitute  of  a  certain  peculiar 
brilliancy,  are,  however,  mechanical  and  somewhat  vulgar  in 
effect. 

Messrs.  Morris,  Marshall,  &  Faulkner  exhibit  a  window  (6734), 
which  is  remarkable  as  a  bold  defiance  of  popular  taste  on  the  part 


of  certain  artists,  who  believing  that  they  hold  the  only  true  theory 
of  glass  painting,  have  attempted  to  put  it  into  practice.  That  a 
medal  has  been  awarded  to  their  work,  and  that  it  has  been  highly 


Fig.  546. 


Fig.  547. 
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Fig.  550. 


Stained  Glass  by  Messrs.  Powell  &  Sous. 


praised  by  influential  critics,  are  sufficient  proofs  that  their  theory 
and  practice  are  accepted  as  satisfactory  by  at  least  a  section  of  the 
public.  We  apprehend,  however,  in  this  case  that  the  verdict  of 
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the  general  public  and  the  majority  of  critics  is  correct,  and  it  is 
one  of  condemnation.  Except,  perhaps,  here  and  there  a  trace  of 
artistic  feeling,  there  is  little  indeed  to  call  for  praise.  The  orna¬ 
mental  portion,  clumsy  and  unmeaning  in  itself,  is  introduced  in  a 
manner  even  more  clumsy  and  unmeaning,  while  the  figure  portion 
is  for  the  most  part  slovenly  and  unintelligible.  The  theory,  in  fact, 
on  which  we  imagine  the  window  to  have  been  executed,  is  that  glass 
painting  is  worth  doing,  but  is  not  worth  doing  well.  The  exhibitors 
are  certainly  capable  of  better  things,  and  it  was  a  painful  disap¬ 
pointment  to  find  only  this  result  of  their  labour.  Nevertheless, 
disagreeing  with  them  toto  ccelo,  both  in  principles  and  practice,  we 
are  glad  to  find  that  there  are  men  in  the  profession  prepared  at  all 
hazards  to  carry  out  their  theories  of  art.  and  fling  their  challenge 
in  the  face  of  popular  taste  and  fashion.  We  believe  ourselves  that 
if  ever  within  our  own  time  the  art  of  glass  painting  be  brought 
to  that  perfection  of  which  it  is  capable,  practice  will  precede 
theory,  and  not  follow  it ;  but  we  are  clearly  gainers  whenever  a 
true  theory  is  broached,  or  whenever,  which  we  believe  is  the 
case  in  this  instance,  a  false  theory  is  quashed  by  a  reductio  ad 
ahsurdum. 

Messrs.  Warrington,  in  a  series  of  windows  stated  to  be  designed 
in  the  various  successive  styles  of  glass  painting ;  Messrs.  O’Connor, 
in  a  large  perpendicular  window,  dark,  but  in  some  respects  well 
designed,  for  Eton  College  Chapel,  the  figure  being  Aaron, 
one  of  the  Old  Testament  worthies ;  and  Messrs.  C.  Gibb  and  A. 
Gibbs,  in  a  number  of  windows,  of  which  perhaps  the  best  is  one 
for  Aylesbury  Church,  all  maintain  their  credit  for  sound  work  and 
generally  pleasing  execution,  although  from  an  artistic  point  of  view 
none  of  their  works  attain  a  higher  rank  than  creditable  mediocrity, 
while  here  and  there  some  sink  considerably  below  it. 

The  large  window  by  Messrs.  Ward  &  Hughes  (6741),  for  St. 
Anne’s  Church,  Westminster,  is  a  praiseworthy  attempt  to  adapt 
stained  glass  to  a  style  of  architecture  which  most  glass  painters 
have  failed  to  treat  successfully.  The  general  effect,  though  some¬ 
what  flat,  is  decidedly  good,  and  it  is  carried  out  by  a  manipulation 
superior  to  the  ordinary  standard.  The  rest  of  the  ecclesiastical 
windows  call  for  little  notice.  With  few  exceptions  they  take  rank 
among  the  lower  grades  of  mediocrity,  except  where  an  almost  fana¬ 
tical  medievalism,  or  an  almost  imbecile  “  common-placeness” 
degrade  them  below  even  this  standard. 

Glass  painting  in  non-ecclesiastical  styles  is  very  poorly  repre¬ 
sented  in  the  Exhibition,  the  best  producers  having  abstained  from 
exhibiting  at  all.  The  most  striking  specimens  are  by  Messrs.  ,J. 
Ballantine  &  Sons  (6711).  One  containing  a  number  of  portraits  of 
Scotch  divines  is  on  the  whole  the  best,  though  in  this,  as  in  the 
others,  one  of  the  highest  merits  is  cleanness  of  manipulation,  which 
is  creditable  to  the  workman  engaged  in  the  execution.  The  draw¬ 
ing  in  the  window  for  the  City  of  Glasgow  Bank  is  poor  and  clumsy, 
especially  in  the  small  medallions.  The  Falkirk  window  is  a  trifle 
better  drawn,  but  is  even  more  vulgar  in  effect.  All,  however,  are 
superior  to  the  ecclesiastical  window  exhibited  by  the  same  firm. 

The  small  window  in  the  cinque  cento  style  by  Messrs.  Field  & 
Allan  (6721),  is  possibly  the  best  English  specimen  of  this  kind  in 
the  Exhibition,  but  this  is  owing  more  to  the  absence  of  competitors 
than  to  any  great  intrinsic  merit.  Of  the  ordinary  kinds  of  orna¬ 
mental  glass  there  is  a  singular  dearth  in  the  Exhibition,  the  speci¬ 
mens  exhibited  by  Mr.  W.  H.  James,  are  of  good  average  quality, 
being  almost  the  sole  representatives  of  their  class.  Some  specimens 
of  flower  painting,  borders,  &c.,  are  also  to  be  found  on  the  stall  of 
Messrs.  Chance  Brothers  &  Company,  and  a  few  scattered  samples 
here  and  there  among  the  foreign  courts.  The  “  patent  illuminated 
glass”  of  Messrs.  Prince  is  hardly  worthy  of  being  classed  with 
stained  glass,  and  belongs  rather  to  the  “  shams”  of  art,  such  as  the 
paper  transparencies  near  which  it  is  placed. 

Looking  at  the  exhibition  of  stained  glass  as  a  whole,  the  palm 


for  scientific  study  and  imitation  of  early  art  must  be,  we  think, 
awarded  to  the  French  exhibitors ;  but  in  originality  and  artistic 
power  the  English  appear  considerabty  superior.  Glass  painting, 
however,  does  not  yet  take  that  rank  among  the  arts  which  it  is 
capable  of  attaining.  In  the  early  periods  of  the  revival,  an  adher¬ 
ence  to  ancient  examples  and  a  strict  study  of  ancient  methods  was 
a  necessary  condition  before  any  real  progress  was  possible.  We 
have  now  learnt,  or  ought  to  have  learnt,  all  that  can  be  taught  by 
archeology,  and  it  is  time  to  discard  our  repetitions  of  the  grammar 
of  our  art. 

In  striking  out  new  paths  of  art,  that  many  blunders  should  be 
made  in  both  theory  and  practice  is  inevitable,  and  not  to  be  regretted. 
In  the  present  obscurity  of  the  true  principles  of  glass  painting,  one 
really  earnest  experiment  is  worth  fifty  well-sounding  theories,  and 
its  value  is  almost  equal  whether  it  turn  out  a  failure  or  a  success. 
What  is  now  wanted  is  not  to  be  supplied  by  critics  and  dilettanti, 
but  by  practical  artistic  genius.  The  regeneration  of  art  will  not  be 
brought  about  by  any  clique  of  incompetent  draughtsmen  and 
unskilful  colourists,  however  largely  they  may  deal  in  infallible 
principles  and  mutual  admiration. 

If,  however,  the  present  state  of  the  art  is  unsatisfactory  as  to 
actual  achievement,  it  is  not  so  in  point  of  promise.  Tendencies  are 
already  clearly  visible  which  point  to  the  development  at  no  distant 
period  of  a  phase  in  the  art  more  artistic  in  design,  and  more 
resplendently  brilliant  in  colour  than  any  that  have  preceded  it,  and 
the  present  Exhibition,  especially  if  followed  up  by  other  annual 
ones,  will  in  all  probability  materially  accelerate  its  progress. 

One  further  remark  we  may  make  before  leaving  this  portion  of 
our  subject.  If  ever  glass  painting  is  to  approach  perfection,  it  will 
be — at  all  events  primarily — in  its  application  to  domestic,  and  not 
ecclesiastical  purposes.  In  the  days  of  its  earlier  splendour,  wealth 
accompanied  by  taste  was  almost  a  monopoly  of  the  church,  and 
with  few  scarcely  appreciable  exceptions,  the  church  appropriated 
to  herself  the  employment  of  stained  glass.  The  church,  how¬ 
ever,  in  this  country  has  long  ceased  to  be  tbe  principal  patron  of 
art,  and  its  resources  are  small  when  compared  with  the  general 
wealth  of  the  community.  The  public  is  now  the  artist’s  patron, 
and  the  artist  must  appeal  to  the  taste  of  the  public,  if  he  wishes 
to  obtain  its  patronage.  The  public,  however,  although  a  large 
section  is  unwilling  to  give  liberally  to  the  church,  and  a  still 
larger  section  willing  to  raise  a  monument  to  their  relatives,  will  not 
patronize  an  art  devoted  solely  to  the  adornment  of  ecclesiastical 
edifices  by  any  means  so  freely  as  one  which  will  serve  to  decorate 
their  own  dwellings  with  one  of  the  most  refined  of  luxuries.  Before 
the  art  of  glass  painting,  therefore,  can  receive  that  full  amount  of 
patronage  and  general  acceptance  without  which  it  can  never 
achieve  perfection,  it  must  be  introduced  into  our  dwellings  as  a 
household  luxury,  like  sculpture  or  painting ;  and  this  can  only  be 
brought  about  by  demonstrating  its  adaptability  to  household  deco¬ 
ration.  Sculpture  has  already  found  its  way  from  chancel  walls 
into  the  galleries  and  chambers  of  our  halls  and  mansions,  and  the 
signal  improvement  visible  of  late  years  in  this  glorious  department 
of  art  is  mainly  due  to  the  enlargement  of  patronage  which  it  has 
thus  obtained.  When  stained  glass,  in  like  manner,  has  taken  the 
same  step  from  the  ecclesiastical  to  the  domestic,  and  demonstrated 
that  its  aptitude  for  the  latter  is  at  least  as  great  as  for  the  former, 
then,  and  not  before,  it  will  receive  encouragement  in  a  measure 
which  will  enable  it  to  develope  its  full  capabilities.  To  demon¬ 
strate  this  aptitude,  therefore,  it  appears  to  me  is,  just  at  present, 
the  object  at  which  our  glass  painters  should  aim.  Of  my  own 
efforts  as  a  humble  pioneer  in  this  direction  it  is  not  for  me  to  speak. 
They  may  fail  or  succeed,  but  that  the  ultimate  development  of 
glass  painting,  as  a  living  art,  depends  on  its  power  of  adaptation  to 
domestic  decoration  is  a  proposition  which  I  believe  to  be  irrefutable, 
and  which  our  artists  in  glass  will  do  well  to  consider  betimes. 
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Turning  from  flat  glass  to  shaped  glass,  a  considerable  improve¬ 
ment  since  1851  is  perceptible  in  the  lower  branches  of  the  manu¬ 
facture,  particularly  in  the  colour  and  quality  of  ordinary  bottles, 
carboys,  &c.,  a  remark  which  applies  to  both  Foreign  and  British 
specimens  exhibited.  Among  the  foreign  exhibitors  in  this  depart¬ 
ment  M.  Andelle  and  the  Viscount  Van  Leempoel  (3295  and  3286) 
have  justly  been  awarded  medals  for  the  excellence  of  their  wine 
bottles,  though  the  general  improvement  in  nearly  all  the  specimens 
exhibited  is  more  marked  than  any  peculiar  superiority  in  the  work 
of  one  manufacturer  over  that  of  another.  The  same  may  be  said 
of  the  English  exhibitors,  foremost  among  whom  are  the  Aire  and 
Calder  Bottle  Company  (6756),  the  variety  of  whose  wares  is  as 
remarkable  as  their  excellence ;  Messrs.  Bowron,  Baily,  &  Com¬ 
pany  (6758);  and  Messrs.  Kilner  Brothers  (6771),  both  exhibiting 
among  other  wares  new  forms  of  tile,  the  former  for  roofing,  the 
latter  for  garden  edging,  a  new  and  ingenious  application  of  glass. 
Artistically  speaking,  there  is  little  improvement  in  this  department 
of  the  manufacture,  but  it  must  at  the  same  time  be  remembered 
that  it  is  susceptible  of  little.  In  manufactures  of  this  kind,  that 
form  is  most  artistic  which  obtains  the  greatest  amount  of  adapta¬ 
bility  to  its  special  purposes  at  the  least  amount  of  labour.  Orna¬ 
ment,  unless  ornament  happen  to  be  one  of  its  special  purposes,  is 
altogether  out  of  place  in  any  household  or  commercial  utensil.  In 
determining  the  ordinary  shapes  of  glass,  however,  the  experience 
of  centuries  has  been  brought  to  bear,  and  it  is  now  necessarily 
difficult  to  add  to  tbeir  utility  or  convenience ;  in  other  words,  to 
render  their  shape  more  artistic. 

In  chemical  and  surgical  glass 
a  slight  general  improvement 
in  the  quality  of  the  metal  is 
observable,  that  exhibited  by 
J.  J.  Wheeler  (6795)  display¬ 
ing  also  great  manipulative 
skill.  On  the  whole,  however, 
we  think  that  there  is  none 
exhibited  superior  to  that  of 
Messrs.  Powell  &  Sons  (6800), 

Fig.  551,  whose  flint  glass  for 
all  purposes  is  of  admirable 
quality. 

Before  entering  on  an  estimate  of  the  flint  glass  exhibited,  in 
its  artistic  aspect,  a  few  words  on  the  material  itself  should  be 
premised.  Comparatively  few  exhibitors  of  ornamental  flint  glass 
are  also  manufacturers  of  the  material.  A  large  proportion  obtain 
their  wares  in  the  first  instance  from  the  manufacturer,  and  then 
execute  the  ornamentation  themselves,  while  many  are  simply 
buyers  and  sellers,  and  have  no  hand  at  all  in  either  manufacturing 
or  ornamenting  the  goods  they  exhibit.  To  the  last  class  the  highest 
merit  that  can  be  awarded,  is  that  of  judicious  and  tasteful  selection. 
Artistic  skill  is  the  standard  by  which  the  cutters  and  engravers  of 
glass  are  to  be  measured,  while  in  addition  to  this,  the  manu¬ 
facturer  must  be  judged  by  the  excellence  of  his  material.  In 
the  last  class  Messrs.  Lloyd  &  Summerfield  (6772);  Messrs.  J.  & 
C.  Osier  (6779);  Messrs.  Pellatt  &  Company  (6781);  and  Messrs. 
J,  Powell  &  Sons  (6737);  are  the  foremost  exhibitors,  but  the 
names  of  Messrs.  Richardson,  of  Stourbridge ;  Messrs.  T.  Webb 
&  Sons,  of  the  same  place,  and  probably  others,  should  be  men¬ 
tioned  as  the  manufacturers  who  supplied  this  material  to  many 
of  the  principal  exhibitors,  though  not  displaying  any  goods  in  their 
own  name.  In  considering  the  relative  merits  of  the  mere  material 
the  principal  points  to  be  attended  to  are  purity  of  colour,  brilliancy, 
and  freedom  from  striae,  in  all  of  which  respects,  speaking  generally, 
English  flint  glass  is  superior  to  any  other.  In  the  first,  purity  of 
colour,  the  material  supplied  by  Messrs.  Richardson  seems  to  us  on 
the  whole  the  best,  though  Messrs.  Webb  follow  so  closely  that  it  is 


difficult  to  decide  with  certainty.  The  distinction  also  in  this  respect 
between  the  wares  of  the  Stourbridge  firms  and  those  of  Messrs. 
Osier  and  Messrs.  Lloyd  &  Summerfield  is  so  fine  as  almost  to  be 
imperceptible,  and  is  perhaps  due  more  to  the  difference  in  their 
general  character  than  to  any  intrinsic  superiority  in  the  one  over 
the  other.  Absolute  freedom  from  colour  is,  however,  hardly  of  so 
great  comparative  importance  as  brilliancy,  in  which  respect,  with¬ 
out  detracting  from  the  merits  of  other  manufacturers,  we  think  that 
the  Stourbridge  houses,  as  in  1851,  still  stand  pre-eminent.  With 
regard  to  freedom  from  striae,  a  quality  perhaps  not  of  the  same 
immediate  importance,  but  as  indicating  a  more  complete  chemical 
combination  of  constituents,  one  possessing  a  considerable  influ¬ 
ence  on  the  ultimate  durability  of  the  glass,  the  metal  of  Messrs. 
J.  Powell  &  Sons  is  unrivalled  in  the  Exhibition.  Many  of  their 
specimens,  particularly  a  small  cube  and  a  large  inkstand,  are 
absolutely  free  from  striae,  so  far  as  the  naked  eye  can  detect 
them,  which  certainly  cannot  be  said 
of  the  glass  of  any  other  firm.  A  very 
slight  dusky  tinge  is,  however,  perceptible 
in  most  of  their  wares,  and  it  is  perhaps 
worthy  of  observation  that  in  the  flint 
glass  generally,  greater  or  less  freedom 
from  strim  appears  to  be  accompanied 
by  a  less  or  greater  degree  of  this  duski¬ 
ness  ;  the  glass  of  Messrs.  Osier,  in  which 
strife  are  remarkably  abundant,  being 


Fig.  551. 


Specimens  of  Table  Glass,  Plain,  Cut,  and  Engraved,  by  Messrs.  Powell  &  Sons. 

almost  absolutely  free  from  this  defect,  and  of  a  most  brilliant  and 
effective  appearance. 

We  now  turn  to  the  general  merit  of  the  flint  glass  wares  exhi¬ 
bited,  laying  down  previously  a  few  of  the  general  rules  by  which 
we  believe  they  should  be  judged — certain  generally-received  canons 
of  art  requiring,  as  we  conceive,  in  this  case  also  either  modification 
or  a  different  interpretation. 

Both  on  passing  from  a  liquid  to  a  solid  form,  and  after  it  has 
acquired  solidity,  glass  presents  a  range  of  properties  which  may  be 
turned  to  advantage  by  the  artist  and  manufacturer  in  an  almost 
infinite  variety  of  ways.  While  still  almost  liquid  it  can  be  cast  and 
moulded,  or  when  a  little  cooler,  blown  into  any  desired  shape,  and 
when  solid  these  shapes  can  be  further  modified  or  ornamented  to 
almost  any  extent.  It  is  obvious  that  the  rules  of  art  which  apply 
to  blown  glass  generally  cannot  be  applied,  or  can  only  partially  be 
applied,  to  cast,  moulded,  or  cut  glass,  and  it  has  been  assumed 
by  critics  of  high  standing  that  all  glass,  except  blown,  is  essen¬ 
tially  unartistic.  That  such  an  assumption  is  perfectly  gratuitous 
can,  we  think,  be  easily  shown.  In  the  case  of  “  pressed”  glass 
cheapness  of  production  is  an  element  of  primary  importance,  and  a 
perfectly  mechanical  similarity  in  all  the  wares  from  the  same  dies  is 
unavoidable.  The  same,  however,  may  be  said  of  our  coinage  and 
other  manufactures  in  which  these  conditions  are  by  no  means  held 
to  exclude  even  high  artistic  treatment.  Pressed  glass  is  further 
capable  of  producing  effects  quite  distinct  in  kind  from  those  produc- 
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ible  in  glass  under  other  conditions,  or  in  any  other  material.  There 
would  thus  appear  to  be  a  legitimate  field  for  the  artist  even  in  this 
department  of  the  manufacture,  and  although  in  all  probability  the 
taste  of  the  general  purchasers  of  such  wares,  who  prefer  bad  imita¬ 
tions  of  more  costly  articles  to  wares  good  in  themselves  but  mani¬ 
festly  uncostly,  will  for  a  long  time  retard  its  artistic  development, 
there  is  no  a  priori  reason  why  it  should  not  hereafter  produce 
really  artistic  shapes,  treated  in  a  style  peculiarly  and  legitimately 
its  own.  The  vulgarity  supposed  to  be  inherent  in  pressed  glass 
consists  in  fact,  almost  entirely  in  the  imitation  of  cut  glass  which  has 
hitherto  characterized  it.  Fire  polish,  however,  though  possessing 
a  singular  beauty  of  its  own  when  properly  applied,  can  never  imitate, 
and  ought  not  to  attempt  to  imitate,  the  polish  of  the  lapidary’s 
wheel.  That  the  invention  is  still  comparatively  speaking  quite 
novel,  is  its  only  apology  for  attempting  to  imitate  the  old  and  more 
widely-accepted  methods  of  treating  glass  ;  and  if  in  the  whole  range 
of  glass  manufacture  there  is  one  department  more  than  another 
which  seems  to  promise  a  greater  and  more  immediate  result  to  the 
application  of  real  artistic  talent,  it  is  that  of  pressed  glass.  As 
there  is  but  little  of  it  displayed  in  the  present  Exhibition,  it  will 
hardly  be  worth  while  to  return  to  the  subject.  We  therefore  notice 
in  this  place  the  pressed  glass  of  E.  Moore  &  Company  (6733)  as 
marvellously  cheap,  and  in  all  technical  respects  excellent.  Unfor¬ 
tunately  it  is  all  mere  imitation  of  cut  glass,  and  therefore,  as  we 
believe,  thoroughly  inartistic ;  but  at  the  same  time  it  shows  what 
might  be  done  with  pressed  glass,  when  treated  appropriately  with 
an  eye  to  its  peculiar  beauties  and  adaptabilities. 

Omitting  prested  glass,  however,  totally  out  of  the  account  as  a 
branch  in  which,  at  best,  the  artist’s  hand  can  only  execute  the 
model — leaving  the  actual  wares  to  be  executed  by  mechanical 
means — we  pass  on  to  the  consideration  of  cut  and  engraved  glass, 
which  have  also  been  pronounced  inartistic  by  the  latest  school  of 
critics.  The  main  and  distinguishing  characteristic  of  glass,  it  is 
said,  is  its  ductility  under  the  manipulations  of  the  blower,  and  this, 
therefore  should  be  displayed  in  every  article  manufactured  in  glass, 
undisguised  and  undisfigured  by  the  operations  of  the  cutter  or  en¬ 
graver.  The  labour  of  cutting  or  engraving,  it  is  further  said,  even 
were  it  in  other  respects  admissible,  would  he  wasted,  and  conse¬ 
quently  wrong  in  principle,  when  applied  to  so  fragile  a  material. 
Much  of  this  is  undoubtedly  true,  but  a  part  is  as  undoubtedly  false, 
and  there  is  a  total  omission  of  one  important  element  which  vitiates 
the  entire  argument.  It  altogether  ignores  the  capabilities  of  glass 
as  a  solid.  In  addition  to  its  plastic  and  ductile  qualities  when  in  a 
state  of  fusion  or  semi-fusion,  glass,  when  solid,  possesses  the  bril¬ 
liancy  and  transparency  of  a  precious  stone;  and  if  inferior  in 
hardness  to  some  of  the  precious  stones,  this  very  quality  renders 
it  more  easy  to  treat  by  the  cutter  and  engraver,  while  at  the  same 
time  it  is  not  so  soft  as  to  render  his  work  liable  to  injury  from  any 
ordinary  usage.  All  glass  is  liable  to  fracture  ;  so  is  the  diamond  ; 
so  is  marble  ;  so  is  pottery ;  but  in  many  of  its  shapes  glass  is  not 
more  liable  to  fracture  than  any  of  these,  and  it  is  exceedingly  diffi¬ 
cult  to  imagine  a  reason  why,  in  these  shapes,  glass  should  be  less 
worthy  of  artistic  labour  than  they.  The  Portland  vase  is  a  case 
in  point.  Was  it  in  bad  taste  to  produce  a  glass  vase  of  the  kind, 
because  some  sixteen  centuries  after  it  was  manufactured  it  happened 
to  be  smashed  by  a  fanatic  ?  We  think  not.  That  the  amount 
of  labour  bestowed  on  glass  wares  should  be  in  some  proportion  to 
their  probable  longevity  is  quite  true,  and  consequently  that  labour 
is  misplaced  in  elaborately  ornamenting  any  of  tbe  more  fragile 
forms  ;  but  that  ornamenting  the  more  durable  forms  is  wrong  in 
principle,  we  cannot  admit. 

Considered  as  a  precious  stone,  which  it  is,  glass  is  capable  of  an 
infinite  variety  of  artistic  treatment.  A  real  crystal,  capable  of 
being  blown  or  moulded  into  any  shape ;  which  can  be  made  of 
every  degree  of  transparency,  and  every  shade  of  colour  ;  which 

emulates  in  brilliancy  topaz,  and  ruby,  and  emerald,  and  amethyst, 
while  infinitely  surpassing  them  in  magnitude;  which  is  eminently 
amenable  to  the  cutter’s  stone  and  the  engraver’s  wheel — surely 
here  are  qualities  which  it  were  an  artistic  sin  to  waste  and  utterly 
ignore,  simply  because  glass  at  one  period  of  its  manufacture  hap¬ 
pens  to  be  eminently  ductile.  One  of  the  objections  urged  against 
treating  glass  as  a  stone,  is  that,  after  all,  the  best  result  we  can 
obtain  is  an  imitation  of  something  better,  viz.,  real  crystal,  real 
ruby,  &c.  This  is  simply  a  false  assumption.  Because  one  product 
resembles  another  in  certain  respects,  or  because  imitations  of  the 
precious  stones  may  be  made  in  certain  kinds  of  glass,  it  by  no 
means  follows  that  glass,  even  when  resembling  precious  stones 
(which  it  never  does,  when  rightly  treated,  to  such  an  extent  as  to 
induce  a  mental  comparison  between  the  two)  is  an  imitation  of 
them.  Glass,  in  fact,  is  a  stone,  artificial  indeed,  but  not  on  that 
account  imitative  ;  and  as  possessing  peculiar  properties  which  dis¬ 
tinguish  it  from  other  stones,  should,  when  treated  as  a  stone,  be  so 
treated  as  to  bring  out  these  distinctive  features,  rather  than  those 
in  which  it  resembles  other  stones. 

Glass,  then,  may  be  considered  both  as  an  eminently  ductile 
material,  and  as  a  stone,  and  in  both  respects  as  possessing  qualities 
which  the  artist  may  turn  to  advantage.  Nor  does  there  appear  to 
be  any  a  priori  reason  why  both  sets  of  qualities  may  not  be  dis¬ 
played  in  the  same  manufactured  article ;  rather,  since  tbe  display 
of  the  distinctive  beauties  of  his  material  should  never  be  lost  sight 
of  by  the  artist,  both  should  be  shown  when  other  conditions  will 
admit  of  the  additional  expenditure  of  labour. 

Turning  now  to  an  examination  of  the  display  of  flint  glass,  one 
of  the  first  points  that  strikes  us  is  that  the  foreign  specimens  ex¬ 
hibited  show  more  of  the  stony,  and  the  English  more  of  the  ductile 
aspect  of  the  material.  Speaking  generally,  indeed,  there  is  hardly 
any  skill  in  blowing  shown  in  the  foreign  glass  as  compared  with 
the  English,  and  the  effect  is  consequently  much  impaired.  The 
lack  of  skill  is  particularly  conspicuous  in  the  lip  of  a  very  large 
proportion  of  foreign  hollow  ware,  in  which  the  incapacity  of  the 
blower  to  shear  a  good  edge  is  attempted  to  be  disguised  by  notch¬ 
ing  and  vandyking  it  in  a  manner  which  in  most  instances  destroys 
the  applicability  of  the  article  to  its  proper  use.  To  drink  from  a 
beaker  with  a  lip  like  a  saw  cannot  be  preferable  even  to  a  Bohemian. 

The  general  outline,  also,  of  the  great  bulk  of  the  foreign  glass  is 
heavy  and  unmeaning,  while  in  many  cases  the  material  is  so  dis¬ 
guised  as  to  resemble  porcelain  or  opaque  stone.  In  fact,  whether 
the  result  be  due  to  the  assistance  of  foreign  workmen  or  not,  in 
every  important  artistic  respect  the  English  manufacturers  of  flint 
glass  are  not  only  superior,  but  greatly  superior,  to  their  foreign 
competitors.  This,  however,  must  not  be  taken  as  a  general  con¬ 
demnation  of  the  foreign  glass.  In  many  minor  respects  there  is 
much  to  be  learnt  from  it,  and  perhaps  more  than  one  description 
of  ware  not  at  present  manufactured  in  this  country  might  be  im¬ 
ported  with  advantage.  The  comparative  cheapness,  also,  of  foreign 
artistic  work  is  a  quality  which  most  purchasers  would  be  rejoiced 
to  find  transplanted  to  English  soil. 

In  Bohemian  glass  the  display  of  Count  Harrach  (1366)  maintains 
the  well-deserved  celebrity  of  the  Neuwelt  Glass  Works,  for  excel¬ 
lence  of  metal,  colour,  and  cutting,  though  in  some  few  instances  it 
is  surpassed  by  the  works  of  MM.  Lobmayr  (1370),  and  M.  Hof¬ 
mann  (1368).  Among  the  many  chandeliers  exhibited  by  MM. 
Lobmayr,  are  one  or  two  of  excellent  design.  The  adoption  of 
flat  lustres  with  shaped  edges  instead  of  the  old  prismatic  form 
seems,  however,  a  mistake.  Some  of  M.  Hofmann’s  wares,  cut 
through  an  opal  flash  into  a  ground  of  gold  pink,  are  good  in  colour  , 
and  much  of  the  ornament  on  all  the  stalls  of  Bohemian  glass  is, 
considered  per  se,  of  a  high  order.  The  prevailing  defect,  which  is 
perhaps  most  conspicuous  in  Count  Harrach’s  display,  is  the  imita¬ 
tion  of  ceramic  ware.  An  imitation  of  German  seventeenth  century 
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work,  consisting  of  tankards,  glasses,  &c.,  blown  in  a  very  pale  sea- 
green  transparent  glass,  and  ornamented  with  heraldic  devices  in 
opaque  enamel  colours,  principally  white,  is  exhibited  by  MM. 
Lobmayr,  and  has  a  very  picturesque  and  pleasing  effect. 

The  display  of  F.  Steigerwald  (274)  in  Bavarian  glass,  and  that 
of  C.  Heckerl  in  Prussian  (2149),  are  worthy  of  mention — the  chan¬ 
deliers  of  the  latter,  ornamented  with  leaves  and  flowers  of  coloured 
cut  glass,  affording  a  hint  which  may  be  turned  to  advantage.  The 
specimens  displayed,  however,  are  all  more  or  less  heavy  and 
overloaded  in  effect.  The  Bohemian  and  German  flint  glass  is 
manufactured,  generally  speaking,  without  lead,  but  the  colour  is 
nevertheless  remarkably  good.  In  this  respect,  as  also  in  staining 
rubies  and  producing  one  or  two  other  colours,  our  manufacturers 
have  still  a  good  deal  to  learn.  The  principal  French  manufacturers 
of  flint  glass  have  abstained  from  exhibiting  on  this  occasion.  The 
show  of  “  cristaux  de  luxe  ”  in  the  French  Court  is  therefore  very 
deficient,  and  must  not  be  taken  as  a  fair  index  of  the  state  of  the 
manufacture. 

In  the  English  flint  glass  we  a're  struck  by  the  remarkable  im¬ 
provement  visible  since  1851  ;  and  especially  in  the  general  outline 
of  the  wares,  and  their  artistic  ornamentation.  The  system,  indeed, 
of  engraving  on  uncut  blown  glass  may  be  said  to  have  grown  up 
almost  entirely  within  that  period,  and  the  effects  produced  by  it  are 
singularly  elegant  and  beautiful. 

The  glass  exhibited  by  Messrs.  Copeland  (6762)  is  well  entitled 
to  the  medal  awarded  to  it.  For  novelty  and  beauty  of  design,  and 
marvellous  skill  in  the  execution  of  the  ornamentation,  the  dessert 
service  displayed  by  them  deserves  the  highest  praise.  The  cut 
projections  may  perhaps  be  open  to  criticism  on  two  grounds — first, 
that  they  are  too  much  like  an  imitation  of  precious  stone ;  and 
second,  that  they  increase  the  risk  of  fracture.  The  latter  possibly 
may  have  some  force  in  it,  although,  with  ordinary  good  usage,  the 
articles  might  easily  outlive  the  accidents  of  centuries ;  hut  we  are 
not  disposed  to  attach  much  importance  to  the  former.  The  projec¬ 
tions,  though  cut  in  facets,  are  quite  manifestly  part  and  parcel  of 
the  rest  of  the  material,  which  at  once  negatives  the  idea  of  imitation  ; 
and  we  have  before  given  reasons  why  we  consider  it  allowable  to 
display  the  stony  as  well  as  the  ductile  qualities  of  glass  in  the  same 
piece.  On  the  whole,  we  consider  this  as  one  of  the  most  successful 
experiments  in  ornamental  glass  exhibited. 

Messrs.  Dobson  &  Pearce  (6764)  exhibit  en¬ 
graving  on  glass  of  the  highest  merit.  In  the 
case  of  their  celebrated  tazza,  however,  we  can¬ 
not  think  that  so  much  elaboration  is  suitable  to 
so  peculiarly  fragile  a  form.  As  a  tour  de  force 
on  the  part  of  the  engraver  the  tazza  is  indeed 
marvellous  ;  but  to  lavish  labour  on  the  interior, 
where  it  would  be  hidden  by  anything  put  into 
it — to  adorn  the  edge  with  turquoises  set  in  gold 
— and  above  all  to  bestow  all  this  work  on  a 
form  which  looks  as  if  it  might  be  shattered  by  a 
breath — are,  we  think,  sins  against  good  taste 
which  are  not  redeemed  by  elegance  of  shape 
and  skill  of  workmanship.  Much  more  to  our 
taste  are  a  pair  of  jugs  of  classic  shape,  and 
another  pair  of  so-called  “  pilgrim”  jugs,  in  both 
of  which  durability  is  so  far  insured  by  thickness 
of  material  and  strength  of  shrps  as  to  justify 
almost  any  amount  of  elaboration.  One  of  the 
pilgrim  jugs  ornamented  with  grotesque  figures 
among  interlacing  branches  and  leafage,  and 
somewhat  in  the  style  of  Israel  von  Meckenen, 
is  perhaps,  technically  speaking,  the  best.  The  effect  of  light  and 
shade  produced  by  partially  polishing  some  portions  of  the  incised 
work,  is  particularly  pleasing.  The  general  outline  of  the  pilgrim 


jugs  (Fig.  552)  is  somewhat  awkward,  and  might  be  modified  with 
advantage.  The  chandeliers  of  this  firm  are  remarkable  for 
elegance  of  design,  and  their  cut  glass  generally  is  not  surpassed  by 
any  other  exhibitor. 

Messrs.  Naylor  &  Company  (6777)  also  show  some  good  engraved 
glass.  Their  stall,  however,  is  principally  remarkable  for  the 
variety  of  novel  forms  displayed,  some  possessing  considerable  merit. 
It  is  much  to  be  wished  that  the  manufacturers  of  flint  glass  would 
turn  their  attention  more  to  the  production  of  new  forms.  Most  of 
the  best  shapes  now  in  use  are  simply  reproductions  of  classic  or 
mediaeval  models  ;  and  credit  is  due  to  Messrs.  Naylor  for  their 
attempts  to  produce  something  really  original,  even  if  few  of  their 
experiments  can  be  considered  decidedly  successful. 

In  advocating  novelty,  however,  we  by  no  means  advocate  novelty 
of  the  kind  shown  by  Messrs.  Defries  (6763).  It  is  possible  that 
their  “  prismatic  mirror,”  a  ton-weight  of  very  ordinary  prisms 
ranged  in  rows  and  supported  from  behind  by  another  ton  of  iron 
and  copper,  may  not  appear  out  of  place  as  an  adjunct  to  the  bar¬ 
baric  splendour  of  an  Eastern  potentate,  and  the  same  may  be 
said  of  their  huge  chandelier;  but,  though  the  latter  has  some  merit 
in  certain  points  of  manufacture,  it  would  be  difficult  to  find  any 
objects  in  the  Exhibition  more  obtrusively  destitute  of  artistic  merit. 
The  bad  imitation  of  engraving  also,  produced  by  etching  the  out¬ 
line  with  hydrofluoric  acid,  to  be  observed  on  some  of  the  ware 
exhibited  by  this  firm— and  unfortunately  by  some  others — is  quite 
indefensible  by  any  principle  of  good  taste.  Etching  with  hydro¬ 
fluoric  acid  is  a  process  which  has  its  own  peculiar  advantages  and 
adaptabilities,  but  it  is  a  mistake  to  attempt  to  imitate  by  its  means 
what  can  be  better  done  by  the  graver’s  wheel. 

The  artistic  qualities  observable  in  the  somewhat  ungainly  case 
of  Messrs.  Lloyd  &  Summerfield  (6772),  are  not  equal  to  the  merits 
of  their  display  in  other  respects.  In  adopting  improvements  in 
the  manufacture  of  flint  glass  and  applying  it  to  novel  purposes,  this 
firm  has  done  good  service  to  the  trade,  and  the  example  they  ha\  e 
set  in  manufacturing  glass  by  means  of  gas  furnaces  is  one  which 
sooner  or  later  will  have  to  be  followed  by  all  who  would  keep  pace 
with  the  progress  of  improvement.  Among  other  articles  exhi¬ 
bited  may  be  noticed  their  glass  bars  for  windows,  aquariums,  &c., 
dioptric  and  plano-convex  ship-signals  of  various  colours — speci¬ 
mens  of  which  in  flat  glass  are  also  exhibited  by  Messrs.  Chance 
Brothers  &  Company — legs  for  pianofortes,  tables,  &c.,  for  use  in  hot 
climates,  where  wood  is  liable  to  the  ravages  of  the  white  ant,  and 
other  inventions  belonging  to  the  last  eleven  years.  The  shapes 
also  and  the  engraving  of  their  table-glass,  are  quite  up  to  the  average 
standard,  though  in  no  instance  rising  far  above  it. 

There  is  much  good  work  in  the  display  of  Messrs.  Pellatt 
(6781),  but  it  is  very  unequal;  and  the  imitations  of  small  cut  pre¬ 
cious  stones  stuck  on  many  of  their  specimens,  produces  a  very 
unsatisfactory  effect.  The  drops  and  rings  of  various  coloured  glass 
employed  in  the  decoration  of  much  of  the  glass  exhibited,  not 
being  cut,  are  not  open  to  the  same  charge  of  imitation,  though  the 
instances  are  few  where  they  have  been  applied  with  complete 
success. 

The  frosted  glass,  and  other  reproductions  of  Venetian  ware  in 
this  country,  are  mainly  due  to  the  exertions  of  Messrs.  Pellatt. 
The  introduction  of  them,  however,  dates  for  the  most  part  pre¬ 
viously  to  1851,  and  but  few  novelties  are  to  be  noticed  during 
later  years. 

The  display  of  Messrs.  Powell  &  Sons  (6737),  already  noticed 
more  than  once,  is  as  remarkable  for  its  variety  as  its  general 
excellence.  Some  of  their  articles  ornamented  with  coloured  drops 
and  edges,  are  very  pleasing  in  effect,  and  the  shapes  of  their  table 
glass,  particularly  some  wine  glasses  of  a  mediaeval  pattern,  are  well 
designed  and  executed.  Their  method  of  inclosing  photographs 
in  glass,  a  process  invented,  we  believe,  by  Messrs.  Hoontan  & 
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Glass  Table  by  Messrs.  W.  P.  &  G.  Phillips. 

Messrs.  John  Millar  &  Company  (G774),  of  Edinburgh,  sustain 
their  well-earned  reputation  hy  exhibiting  an  excellent  selection  of 
engraved  glass  and  china. 

One  more  name,  however,  must  in  justice  be  added,  that  of 
Messrs.  F.  &  C.  Osier  (6779),  whose  candelabra  are,  we  think, 
the  most  successful  instance  of  the  treatment  of  glass  purely  as  a 
stone,  and  well  maintain  their  long  established  reputation.  The 
magnificent  colossal  candelabra  exhibited  by  this  firm  is  upwards 
of  20  feet  in  height,  and  is  composed  of  the  purest  flint  glass.  We 
have  given  an  engraving  of  this  fine  specimen  of  workmanship,  ante 
page  203,  Fig.  225.  The  base  is  of  an  octagonal  figure ;  on  this  is  a 
richly  cut  fillet  or  scotia,  at  the  angles  of  which  are  arranged  a  series  of 
highly  polished  prisms.  The  central  pillar  springs  from  the  edge  of 
the  fillet,  and  is  formed  of  very  large  prisms,  which  are  decorated 
with  bands  of  prismatic  cut  glass.  The  upper  part  of  the  pillar  is 
ornamented  with  pendent  prisms,  and  from  a  series  of  sockets 
arranged  above  these,  spring  the  curved  cut  glass  branches  which 


Water  Jug  and  Centre  Dish  by  Mr.  W.  J.  Hodgetts. 

The  Imperial  Glass  Factory  of  St.  Petersburg  exhibit  some 
excellent  specimens  of  glass  coated  mosaic,  and  it  appears  probable 
that  there  will  be  an  increased  demand  for  this  especial  branch  of 
the  manufacture.  The  glass  letters  exhibited  by  Messrs.  Hooman 
(6769),  R.  Royston  (6787),  and  others,  for  shop-fronts,  &c.,  show 
merit  of  design  in  a  useful  application  of  glass.  An  ingenious 
ventilator,  constructed  of  laths  of  glass  in  a  metal  frame,  patented 
by  Mr.  J.  Moore  (6775),  also  deserves  notice. 

We  have  now,  we  believe,  noticed  all  the  more  important  points 
in  the  manufacture  of  glass,  as  displayed  in  the  Exhibition.  In  a 
collection  so  varied  and  extensive  it  is  probable  that  some  specimens 
worthy  of  mention  have  been  overlooked,  and  also  probable  that  in 
some  instances  our  judgment  is  at  fault.  With  some  previous 
knowledge,  however,  of  the  manufacture,  both  in  its  commercial 
and  artistic  aspects,  we  have  endeavoured  to  examine,  fairly  and 
without  either  professional  or  critical  prejudice,  the  whole  of  the 
glass  exhibited,  and  the  result  is  before  the  reader. 


Maliskeski  (6769),  who  also  exhibit  specimens,  seems  better  adapted 
to  preserve  the  picture  than  to  ornament  the  glass. 

Messrs.  W.  P.  &  G.  Phillips  (6783)  exhibit  a  glass  table  without 
any  metallic  fixings  (Fig.  553),  to  which  the  remarks  made  on 
Messrs.  Dobson  &  Pearce’s  tazza  will  apply,  though  in  a  somewhat 
less  degree.  The  cutting  and  general  treatment  of  their  vases,  jugs, 
&c\,  is  very  good.  There  are  several  other  displays  which  show, 
in  some  respects,  merits  perhaps  equal  to  those  enumerated ;  but 
we  cannot  notice  all,  and  those  already  mentioned  are  among  the 
foremost  in  this  department. 

Mr.  W.  J.  Hodgetts  (6768),  of  Wordsley,  near  Stourbridge, 
exhibits  table  and  toilette  glass  of  good  quality,  specimens  of  which 
we  give;  Fig.  554  being  a  water  jug,  with  an  inlaid  band  of  ruby, 
and  Fig.  555  an  elegantly  designed  centre  dish. 

Messrs.  Storey  &  Son  (6792)  exhibit  some  fine  specimens  of  cut, 
engraved,  and  etched  glass,  consisting  of  wine  and  claret  decanters, 
water  jugs,  port,  sherry,  hock,  and  champagne 
glasses,  carafes,  tumblers,  finger  glasses,  and 
wine  coolers,  jelly  and  custard  glasses,  oval  and 
round  dessert  dishes,  elevated  salts,  sugar  and 
butter  vases,  cut  and  engraved  flower  vases,  a 
fish  bowl  and  flower  vase  combined,  claret,  cider, 
and  water  sets ,  also,  jewel  stands  and  tazzas. 

Messrs.  James  Green  (6767)  have  a  fine  col¬ 
lection  of  cut  and  engraved  table  glass,  including 
some  very  chaste  designs.  They  have  also 
some  good  specimens  of  chandeliers  and  lustres. 


carry  the  sconces.  These  are  fitted  with  cut  tazzas  enriched  with 
pendent  prisms.  Extending  above  this  range  of  lights  is  a  second 
tier  of  sconces  similar  to  the  lower  range.  The  column  terminates 
in  a  large  prism  of  a  conical  figure,  having  an  ornamental  base, 
with  pendent  prisms.  The  same  exhibitors  show  a  dessert  ser¬ 
vice  of  flint  glass  inlaid  with  a  circle  of  ruby  glass.  This  service 
embraces  decanters,  carafes,  finger  basins,  ice  plates,  elevated  com¬ 
ports,  jugs,  goblets,  champagne  and  other  glasses.  There  is  also  a 
dessert  service  of  richly  cut  flint  glass,  designed  for  six  persons. 

We  have  now  finished  our  survey  of  the  principal  branches  of  the 
manufacture.  One  or  two  minor  departments,  however,  may  be 
mentioned  before  we  conclude.  The  metal  of  which  the  prisms, 
&c.,  for  lighthouses  is  made,  shows  a  vast  improvement  in  colour 
since  1851,  as  instanced  in  the  lighthouse  exhibited  by  Messrs. 
Chance.  The  glass,  however,  now  used,  is  liable  to  “  sweat,”  and 
further  improvement  in  this  respect  is  still  to  be  desired.  Glass  for 
optical  purposes  has  undergone  little,  if  any 
improvement  since  1851,  either  in  quality  or  the 
size  of  the  discs  producible. 

The  manufacture  of  glass  beads  also  remains 
nearly  stationary,  those  from  the  ancient  glass 
houses  of  Murano,  near  Venice  (2033),  still 
being  unsurpassed.  In  watch-glasses  a  con¬ 
siderable  reduction  of  price  appears  to  be  the 
principal  improvement ;  those  of  Messrs.  Walter 
Berger  &  Company  (3283)  being  on  the  whole, 
perhaps,  the  best. 


Fig.  554, 


Fig.  555. 
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3.  POTTERY  AND  CERAMIC  ART. 

By  R.  W.  Binns,  F.S.A.,  of  the  Worcester  Royal  Porcelain 
Works. 

S  a  means  of  instruction  in  the  domestic  his¬ 
tory  of  nations  there  is  no  art  more  impor¬ 
tant  than  that  of  pottery.  Not  only  are 
manners  and  customs  delineated  in  its 
forms  and  decorations,  but  the  character 
and  style  of  the  objects  most  surely 
indicate  the  advance  or  decline  in 
civilization  of  the  people  or  nation 
which  produced  them.  History 
narrated  in  this  manner  is  not 
liable  to  be  influenced  by  the 
fancies  or  prejudices  of  a  writer. 
Accepting  the  forms  produced  as 
evidence  of  the  workman’s  ability  and  education,  and  the  subjects 
painted  as  the  representation  of  actual  objects,  we  form  our  own 
judgment  from  the  works  before  us.  There  is  perhaps  no  art  which 
is  so  easily  and  so  decidedly  impressed  with  a  national  character. 
This  arises  from  various  causes;  from  the  plastic  nature  of  the  clay 
it  is  easily  adapted  to  forms  which  are  ever  present  to  the  maker’s 
mind,  and  he  naturally  expresses  his  ideas  most  fully  in  a  material 
which  yields  to  his  slightest  touch,  and  which  seems  almost  to  obey 
his  thoughts.  The  facility  afforded  by  an  even  surface  and  appro¬ 
priate  form  made  these  works  desirable  mediums  for  the  painter’s 
use,  these  paintings  being  again  of  such  subjects  as  were  most  pro¬ 
minent  to  the  artist’s  mind  and  taste. 

To  some  of  the  customs  delineated  on  antique  vases  we  are 
indebted  for  the  monuments  themselves :  as  it  was  the  custom  to 
bury  with  the  dead,  vases,  paterae,  &c.,  of  every  description,  and  also 
in  large  family  mausoleums  to  fill  the  columbaria  with  beautiful  urns, 
each  containing  the  ashes  of  the  dead,  so,  through  this  act  of  reverence, 
we  have  preserved  to  us  the  best  examples  of  each  peculiar  period. 
To  the  sudden  destruction  of  ancient  cities  we  are  indebted  for 
examples  of  the  ruder  domestic  pottery,  and  even  this  is  so  charac¬ 
teristic  that  a  mere  tyro  in  archaeology  could  not  mistake  it.  Had 
the  Roman  nation  gradually  died  out  in  Britain,  we  should  not  pos¬ 
sess  the  important  relics  of  their  dominion  which  now  remain. 
Urieonium  and  other  cities  bear  evidence  of  a  hasty  retreat,  and  we 
have  from  this  extraordinary  circumstance  relics  of  all  kinds  pre¬ 
sented  to  us,  as  tale-telling  and  instructive  as  the  more  important 
remains  of  the  same  people  on  their  native  soil  at  Pompeii  and  Her¬ 
culaneum. 

The  existence  of  pottery  has  proved  of  the  highest  value  as 
an  aid  to  historical  research.  From  the  pottery  of  the  tombs  we 
trace  the  limits  of  the  various  great  empires  of  the  world.  The 
extent  of  ancient  Greece — of  its  colonies  and  its  conquests — is 
clearly  to  be  traced  through  each  division  of  the  Old  World  by  its 
funereal  pottery,  which,  distinct  in  its  character  from  that  of  any 
other,  long  survived  the  political  existence  of  the  Grecian  empire. 
It  is  believed  that  the  Grecian  funereal  pottery  existed  for  about 
1200  years,  from  about  900  years  before  Christ  to  350  years  after. 
The  limits  of  the  Roman  empire  are  in  like  manner  deduced  from 
the  remains  of  the  Roman  pottery ;  beyond  the  spot  where  Arminius 
repulsed  the  Roman  legions  no  trace  of  Roman  pottery  has  been 
found,  and  the  frontier  line  of  the  Roman  dominion  in  Britain  is 
marked  out  in  a  similar  manner.  The  extent  of  the  Mahometan 
empire  in  the  Old  World,  and  the  Aztec  dominion  in  the  New,  would 
alike  be  clearly  pointed  out  by  their  pottery,  if  no  other  record  of 
their  conquests  had  been  transmitted  to  us. 


The  ceramic  art  has  always  been  an  object  for  royal  patronage; 
both  Holy  writ  and  classic  story  have  transmitted  to  us  the  names  of 
royal  potters.  The  Chinese  emperors  obtained  by  high  premiums 
the  unrivalled  manufacture  of  the  eggshell  porcelain.  The  dukes 
of  Urbino,  by  their  liberal  patronage,  introduced  the  beautiful  majolica; 
from  Henry  II.  and  Diana  de  Poictiers  an  unrivalled  faience  derives 
its  name,  and  his  consort,  Catherine  de  Medicis,  developed  the 
genius  of  Palissy.  Augustus  the  Strong,  Maria  Theresa,  Frederic 
the  Great,  and  other  reigning  princes  of  Germany,  both  founded  and 
brought  to  perfection,  at  their  own  expense,  the  porcelain  manufac¬ 
ture  of  their  respective  countries.  Russia  owes  hers  to  Elizabeth 
and  Catherine  II. ;  Charles  III.  founded  those  of  Capo  di  Monti  and 
Buen  Retiro;  Madame  Pompadour,  by  her  influence  over  Louis  XV., 
brought  the  porcelain  of  Sevres  to  its  unrivalled  perfection ;  while 
Du  Barry  gave  her  name  to  the  most  lovely  colour  Sevres  has  pro¬ 
duced.  William,  Duke  of  Cumberland,  supported  the  works  of 
Chelsea,  which  unfortunately  declined  at  the  death  of  their  royal 
patron.  In  fact,  illustrious  names  in  all  ages  bear  testimony  to  the 
interest  inspired  by  the  productions  of  the  potter’s  art. 

Eleven  years  of  progress  have  not  passed,  without  calling  forth  in 
the  art  of  pottery  a  response  worthy  the  fame  of  so  ancient  and  so 
important  a  manufacture.  High  as  the  position  obtained  by  British 
pottery  in  1851  unquestionably  was,  that  which  we  have  now  to 
chronicle  is  of  a  much  more  important  character.  In  1 851  Exhibitions 
were  new  to  us,  and  our  manufacturers  scarcely  understood  the 
advantage  to  be  obtained  from  friendly  rivalry  and  emulation.  Four 
years  later  the  French  Exhibition  showed  an  improvement  in  the 
ordinary  and  extraordinary  productions  of  the  fictile  art,  manufac¬ 
turers  were  less  fearful  of  having  their  designs  copied  by  brother 
craftsmen,  or  of  exposing  models  which  might  betray  trade  secrets  ; 
and  now,  in  1862,  we  find  the  whole  body  of  potters  putting  forth 
their  strength,  emulating  each  other  in  their  desire  to  obtain  for 
England  the  palm  of  superiority  in  pottery.  In  the  present  display 
we  find  the  larger  houses  taking  specialities,  and  basing  their  repu¬ 
tation  upon  them.  This  is  as  it  should  be;  it  calls  forth  individual 
effort,  and  destroys  that  most  enervating  of  all  artistic  occupa¬ 
tions,  perpetual  copy.  Were  our  manufacturers  to  copy  with  the 
same  purpose  as  an  art-student,  when  he  is  set  to  copy  and  recopy 
the  work  of  an  old  master  until  he  has  made  himself  fully  acquainted 
with  the  mind  which  actuated  the  artist  in  his  great  work,  then, 
indeed,  we  should  not  have  reason  to  complain  ;  but  to  make  a  copy 
merely  because  a  copy  will  sell,  however  it  may  reconcile  itself  to 
the  pocket  of  the  pedler,  could  never  become  the  practice  of  any 
manufacturer  of  taste  or  feeling.  If  we  inquire  into  the  success  of 
these  copies  we  might  perhaps  trace  it  to  the  very  individuals  who 
of  all  others  ought  to  be  the  encouragers  of  original  design.  In  many 
cases  the  original  works  are  admired  because  they  are  specimens  of  a 
particular  country  or  period,  and  as  such  they  are  historically  interest¬ 
ing;  but  that  can  be  no  reason  why  every  work  of  similar  character 
should  be  judged,  praised  or  condemned,  in  proportion  as  it  was  like  or 
unlike  this  standard.  The  oldvases  of  Sevres  are  gorgeously  beautiful; 
they  are  splendid  efforts  of  a  voluptuous  period;  they  fully  portray 
by  their  forms,  their  colouring,  and  gilding,  and  the  subjects  which 
adorn  them,  the  peculiarity  of  the  age  in  which  they  were  produced ; 
but  to  slavishly  reproduce  these  works  in  England  in  the  nineteenth 
century  is  surely  a  retrograde  movement  in  art  manufacture.  Use 
the  same  materials,  soft  paste,  lovely  colours,  exquisite  painting,  and 
gorgeous  gilding ;  but  let  our  models  and  our  designs  be  in  keeping 
with  the  art  instruction  of  the  age,  which  if  it  does  not  permit  the 
abandon  of  the  period  of  Louis  XV,,  does  teach  the  value  of  pure 
forms,  and  affords  ample  scope  for  poetic  painting. 

Notwithstanding  the  tendency  to  copy  forms  and  styles  of  repute,- 
originality  of  design  is  undoubtedly  a  characteristic  of  the  British 
pottery  in  the  Exhibition ;  and  although  we  may  regret  that  so  much 
that  is  good  has  come  from  the  hands  of  foreigners,  we  would  heartily 
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bid  these  artists  welcome,  regarding  them  as  teachers  imparting 
most  useful  lessons  to  our  countrymen,  and  believing  they  will  at 
all  events  meet  with  apt  pupils  if  they  have  not  already  encountered 
formidable  rivals.  Bnt  whilst  giving  due  praise  to  our  foreign 
helpers,  we  must  not  forget  those  who  have  striven  against  every 
difficulty,  both  natural  and  educational,  to  uphold  the  character  of 
the  nation  in  matters  of  taste.  The  works  produced  by  native 
hands  are  very  beautiful;  and  if  they  do  not  at  all  times  display  the 
piquancy  of  those  produced  by  foreigners,  they  show  careful  treat¬ 
ment,  a  knowledge  of  detail,  and  a  desire  to  uphold  sound  principles, 
which  form  the  surest  basis  on  which  to  build  a  future  art  reputation. 

CHINA  CLAY  ( kaolin ),  Cornish  stone  ( petuntse ),  felspar,  and  all 
the  other  raw  materials  used  in  pottery,  are  of  course  to  be  found 
in  the  Exhibition,  but  call  for  no  particular  remark,  save  that  there 
might  have  been  made  a  more  attractive  display  of  the  substances 


unless  we  shall  arrive  at  the  time  promised  to  us,  and  to  which  we 
shall  presently  allude,  when  no  seggars  at  all  will  be  required.  In 
preparing  clay  for  the  press  it  is  important  that  it  should  bo  of  one 
uniform  consistency  or  dryness,  tempered  only  by  sufficient  moisture 
to  enable  the  particles  to  adhere  more  closely  when  taken  from  the 
die,  and  permit  of  their  being  handled  in  an  unburnt  state. 

CLAY  MAKING,  although  a  simple  process,  is  a  most  important 
one — the  smallest  particle  of  dirt  or  iron,  or  even  an  over-dried  piece 
of  clay,  causing  much  annoyance  to  the  potter  and  loss  in  the  manu¬ 
facture.  Clay  is  usually  made  by  mixing  the  various  slips  or  ingre¬ 
dients  in  a  vat ;  and  when  properly  sifted  by  being  passed  through  a 
very  fine  lawn,  it  is  run  on  to  a  long  trough  formed  of  a  thick  layer 
of  plaster  of  Paris,  under  which  a  fire  is  kept  burning  The  water 
in  the  clay  is  thus  dissipated  partly  by  absorption  inio  the  plaster, 
and  partly  by  evaporation  caused  by  the  heat  of  the  kiln.  This 


Fig.  55  i. 


used  in  so  important  a 
manufacture.  There  is 
an  increasing  demand  for 
China  clay  for  a  variety 
of  purposes,  which  may 
at  some  future  time  alter 
its  conditions  to  the 
potter;  but  at  present 
there  is  no  cause  for 
anxiety.  Felspars  are 
being  discovered  at 
home  in  large  quantities, 
and  it  will  only  require 
time  and  experience  in 
the  mining  to  introduce 
them  into  the  market. 

Clays  are  cropping  out 
in  a  variety  of  places 
hitherto  unsuspected, 
and  these  may  some  time 
hence  assist  in  supplying 
an  increasing  demand. 

MACHINERY  in  con¬ 
nection  with  pottery  has, 
until  the  last  few  years, 
made  very  little  advance. 

The  potter’s  wheel  was 
undoubtedly  the  first 
piece  of  machinery  made 
use  of  in  connection  with 
the  art,  and  little  im¬ 
provement  has  been 
made  in  it  during  four 
thousand  years.  The 
vertical  lathe  and  the  grinding  mill  were  almost  the  only  other 
machines  in  use  until  the  introduction  of  Prosser’s  patent  for  making 
buttons  and  tiles,  twenty-two  years  ago.  This  principle  of  pressing 
dry  clay  into  metal  moulds  or  dies,  commenced  a  new  era  in  the  art 
of  pottery — one  which  is  destined  to  advance  slowly  but  surely  in 
all  cases  where  truthful  fittings  are  required,  or  simple  forms  permit. 
The  importance  of  correct  size  and  shrinkage  in  tiles  makes  the 
invention  most  important  for  that  purpose,  and  it  has  lately  been 
employed  at  the  Worcester  Royal  Porcelain  Works  for  the  manufac¬ 
ture  of  railway  telegraph  insulators.  In  Birmingham  it  has  been 
used  in  the  manufacture  of  door  furniture,  knobs,  &c.,  and  finger 
i  plates.  Seggars  also  have  been  made  by  the  die,  and  present  every 
inducement  for  their  introduction.  The  invention  for  this  purpose 
has  but  one  great  drawback — viz.,  the  great  expense  of  such  large 
dies  as  would  be  required  for  the  purpose.  This  difficulty  surmounted, 
we  believe  nothing  would  satisfy  us  short  of  machine-made  work, 


process  sometimes  takes  two  or  three,  or  even  four  days.  A  new 
invention  to  supersede  these  kilns  now  demands  our  attention. 
Messrs.  Needham  &  Kite  exhibit  in  Class  8  (1942),  a  machine  which 
they  call  a  filter  for  semifluids,  Fig.  556.  The  process  may  be  thus 
described: — This  method  of  expressing  water  from  slip  is  by  means 
of  a  chamber  six  feet  long,  twenty  inches  wide,  and  one  inch  thick, 
grooved  on  both  sides  so  as  to  present  the  largest  extent  of  draining 
surface  that  can  be  obtained  in  a  given  space.  The  chamber  can 
be  repeated  at  will,  but  in  practice  is  found  to  work  best  when  there 
are  not  more  than  twenty-four  to  thirty  chambers  in  one  machine. 
These  grooved  chambers  are  internally  lined  with  cloths  or  filtering 
medium  such  as  calico,  and  are  braced  together  by  tie  rods.  The 
cloths  from  each  chamber  are  connected  by  a  screw  union  to  a  supply 
pipe  attached  to  a  force  pump,  regulated  by  a  safety-valve  to  regulate 
the  pressure  at  will.  The  force-pump— to  work  which  requires  only 
one-third  of  a  horse-power — being  set  in  motion,  forces  the  slip  into 


the  chambers ;  the  excess  of  water,  yielding  uuder  the  pressure,  passes 
through  the  cloths,  runs  along  the  grooves,  and  makes  its  escape, 
leaving  the  clay  in  the  chambers.  At  first  starting  the  lever  of  the 
safety-valve  of  the  pump  is  weighted  at  ten 
pounds  pressure  to  the  inch,  and  as  the  chambers 
get  charged  with  clay  the  pressure  upon  the 
safety-valve  is  increased  in  order  to  maintain  the 
flow  of  water,  gradually  finishing  off  at  one  hun¬ 
dred  pounds  to  the  inch,  thereby  exerting  upon 
a  full-sized  machine  a  pressure  of  upwards  of 
seventy  tons. 

The  advantages  by  expressing,  instead  of  boil¬ 
ing  or  evaporating  the  water,  are : — 1st,  That 
under  pressure  all  air  must  be  expressed  from 
the  clay.  It  has  been  found  also  that  iron  and 
salts  in  solution  are  expressed  with  the  water, 
both  of  which  when  present  in  slip  are  fixed  by 
boiling.  2dly,  The  rapidity  of  the  process— clay 
being  produced  from  slip  in  from  one  to  three 
hours,  according  to  the  porous  character  of  the 
materials  of  which  the  body  is  composed.  3dly, 

Evenness  in  density,  and  total  absence  of  hard 
pieces  which  form  on  the  slip  pans  by  burning. 

4thly,  In  the  manufacture  of  porcelain,  by  the 
absence  of  plaster  of  Paris,  which  gets  into  the 
clay  where  plaster  kilns  are  used.  China  clay  is 
produced  in  thirty  minutes.  5thly,  In  consequence  of  the  density 
of  the  clay  the  ware  decorates  better.  6thly,  A  saving  of  ware  at 
the  ovens  arising  from  greater  uniformity  in  the  density  of  the  clay. 
The  difference  between  clays  prepared  by  this  process  and  evapora¬ 
tion,  may  be  compared  to  the  difference  between  wrought  and  cast 
iron — the  one  being  tough  and  clean,  the  other  brittle  and  porous. 

We  introduce  an  engraving,  fig.  556,  of  one  of  these  machines ; 
and  we  add  the  opinion  of  a  manufacturer  who  has  used  two  of  them 
for  twelve  months — “  I  am  perfectly  satisfied  with  them  in  every 
respect.  The  workmen  like  the  clay  thus  produced.  There  is  less  loss 
in  the  biscuit  than  formerly.  There  is  a  saving  in  all  the  materials.” 

FIRING. — The  patent  regenerative  gas  kiln  invented  by  C.  W. 
Siemens,  Esq.,  F.R.S.,  and  his  brother  Frederick  Siemens,  Esq., 
C.E.,  38  George  Street,  Westminster,  which  is  now  being  introduced 
into  potteries  for  burning  every  kind  of  goods,  is  one  of  the  most  recent 
improvements,  and,  should  it  be  successful,  is  likely  to  completely 
revolutionize  this  department  of  the  manufacture.  Figs.  557,  558, 
and  559  represent  vertical  and  horizontal  sections  of  this  kiln. 
Among  the  many  and  great  advantages  it  offers  to  manufacturers, 
which  have  never  before  been  realized,  are  an  entire  absence  of  all 
smoke,  with  an  economy  of  above  50  per  cent,  in  fuel,  as  well  as 
freedom  from  dust,  sulphur,  and  other  impurities  which  will  at  once 
recommend  it  to  the  practical  potter,  whose  delicate  colours  of  body 
or  brightness  of  glaze  requires  the  utmost  care  under  the  old  system 
to  be  secure  against  failure. 

It  is  now  about  fifteen  months  since  the  first  furnace  was  erected 
at  Messrs.  Lloyd  &  Summerfield’s  glass  works  at  Birmingham,  and 
the  economy,  as  stated  by  Dr.  Lloyd  at  the  Institution  of  Mechanical 
Engineers,  from  twelve  months’  experience,  was,  that  with  their  old 
furnace  they  consumed  thirty-five  tons  of  best  coals  per  week  at 
12s.  6d.,  worth  £21  17s.  6d. ;  they  now  do  the  same  amount  of  work 
with  the  gas  furnace  with  sixteen  tons  of  slack  per  week  at  4s.  6d., 
worth  £3  12s. — saving  per  week,  £18  5s.  6d.  It  is  now  used  at 
other  glass  works  at  Birmingham  and  St.  Helen’s,  also  for  puddling 
and  welding  iron,  melting  steel,  &c.,  and  such  is  its  freedom  from 
dust,  sulphur,  and  other  impurities  that  glass  of  superior  quality  is 
being  made  by  it  in  open  pots.  It  will  therefore  be  readily  seen 
how  applicable  it  is  to  the  equally  delicate  manufacture  of  the 
higher  branches  of  pottery.  From  its  cleanliness  there  is  no  necessity 


for  inclosing  biscuit,  earthenware,  terra  cotta,  stoneware,  encaustic 
tiles,  &c.,  in  seggars  as  heretofore  ;  but  such  goods  can  he  fired  per¬ 
fectly  clean  in  the  open  kiln.  It  will  be  seen  from  the  different 

Fig.  557. 


Fig.  558. 

Regenerative  Gas  Pottery  Kilns  as  built  for  Mr.  Stiff  of  Lambeth. — Vertical 
and  Horizontal  Sections. 

applications  under  which  this  furnace  is  now  working  that  any 
amount  of  heat  can  be  insured. 

Fig.  559. 


Sectional  Plan  of  the  Furnace  and  Flues. 

The  generator  is  a  simple  furnace  by  which  the  fuel,  common 
slack,  coals,  peat,  or  lignite  is  converted  into  gas  which  flows  off 
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through  a  flue  to  the  several  kilns  for  use.  (For  plate  and  descrip¬ 
tion  see  Practical  Mechanic' s  Journal  for  March,  1862.)  By  its 
operation  a  ton  of  fuel  is  converted  into  some  70,000  cubic  feet  of 
combustible  gas.  The  vapour  from  a  self-regulating  trough,  in 
passing  through  the  ignited  fuel  of  the  furnace,  becomes  chemically 
changed  into  a  combustible  gas  of  highly  heating  power;  and  taking 
up  the  carbon  from  the  coal,  there  is  no  residue  but  the  earthy 
matter  of  the  fuel.  The  small  coal  or  slack,  usually  of  little  value  in 
manufacturing  districts,  is  all  that  is  necessary  for  this  furnace. 

The  pottery  kiln  is  worked  in  the  following  manner:— The  cold 


TERRA  COTTA. — The  arrangement  and  division  in  this  class  are 
most  unfortunate.  We  are  aware  it  is  a  difficult  matter  at  all  times 
to  draw  the  line  where  kindred  subjects  merge  one  into  the  other, 
but  in  such  cases  it  surely  would  be  better  to  class  all  together  than 
to  make  unfair  division. 

In  treating  of  ceramics  we  are  naturally  drawn  to  Class  35 
(Pottery),  in  which  we  find  terra  cotta,  tiles,  earthenware,  porcelain, 
ivory  porcelain,  and  enamels.  Architectural  pottery  is  made  to 
form  another  class  (10),  and  yet  we  find  there  a  repetition  by  differ¬ 
ent  manufacturers  of  similar  works  to  those  in  Class  35.  This  is 


Fig.  560. 
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Maw  &  Company’s  Mosaic  Pavement,  Designed  by  Mr.  Digby  Wyatt. 


air  passes  into  chamber,  D,  through  the  open  door  of  same,  and  from 
there  through  the  chamber,  C,  where  it  absorbs  the  heat  from  the 
burnt  pottery  ware  contained  in  this  chamber.  From  here  it  enters 
chamber,  B,  where  it  is  mixed  with  the  gas  which  flows  into  this 
chamber  through  an  opening  close  under  the  crown.  The  mixture 
becomes  here  ignited,  and  the  products  of  combustion  pass  off  to  the 
chimney,  heating  on  their  way  the  chambers,  A  and  E,  the  latter  of 
which  has  just  been  filled.  When  the  goods  in  B  are  Sufficiently 
burnt,  the  gas  is  made  to  enter  chamber  a,  and  the  air  through  c, 
which  chamber  is  now  open,  while  D  is  filled  with  fresh  articles  and 
closed  up. 


unfair  to  either  one  or  the  other — the  classification  of  pottery  has 
been  carried  too  far.  Class  35  should  have  included  every  kind, 
from  the  common  brick  up  to  the  finest  porcelain.  As  the  works 
have  been  divided,  we  must  take  for  illustration  that  which  makes 
a  special  art  its  leading  feature.  For  this  purpose  we  shall  notice 
Terra  cotta,  Tiles,  and  Mosaics  under  Class  10. 

The  most  remarkable  portion  of  this  class  is  a  very  pretty  court 
classified  and  arranged  by  Mr.  George  Maw,  F.S.A.,  of  Benthall 
Hall,  near  Brosely,  with  the  object  of  illustrating  the  clay  manufac¬ 
tures  of  the  Shropshire  coal  field.  We  find  here  a  complete  epitome 
of  a  definite  branch  of  manufacture,  carried  on  within  a  naturally 
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defined  district.  We  commence  with  sections  of  the  coal  fields, 
accompanied  by  specimens  of  the  raw  materials  used  in  the  various 
branches  of  manufacture  represented.  The  clays,  of  which  there 
are  a  great  variety,  are  exhibited  in  the  burnt  and  unburnt  state, 
and  in  squares  to  show  their  relative  shrinkages. 

The  exhibiters  include  nearly  all  the  manufacturers  in  the  neigh¬ 
bourhood.  The  works  are  grouped  under  seven  divisions — A, 
Roofing  materials  ;  B,  Paving  materials  ;  C,  Draining  materials  ;  D, 
Fire  bricks,  stove  fittings,  &c.  ;  e,  Materials  used  in  the  construction 
of  walls ;  f,  Terra  cotta,  architectural  decorations,  &c. ;  G,  Raw 
materials. 

The  first  division,  A,  includes  three  examples  of  roofs  composed 
of  the  common  Shropshire  roofing  tiles,  some  of  which  have  been 
enriched  with  enamels  after  ancient  examples  occurring  at  Basle, 
Dijon,  &c.  We  believe  this  is  the  first  attempt  in  modern  times  to 


This  piece  of  pavement  is  enough  to  establish  the  reputation  of  any 
firm  in  any  country,  and  we  trust  that  it  will  be  seen  by  every 
admirer  of  art  workmanship.  The  remainder  of  the  paving  materials 
consists  of  Roman  tesselated  mosaics,  encaustic  tiles,  geometrical 
mosaics,  and  large  slabs  of  pavements  composed  of  plain  and  encaus¬ 
tic  tiles,  for  churches,  &c.  Drawings  of  pavements  designed  by 
Messrs.  Digby  Wyatt,  Street,  Goldie,  and  other  eminent  architects 
complete  the  series. 

Division  c — draining  materials— -comprehends  every  example  of 
draining  pipe,  junction,  &c. 

Division  d — furnace  materials,  fire  bricks,  &c.  In  this  series  are 
included  some  very  pretty  stove  backs,  by  the  Coalbrook  Dale  Com¬ 
pany,  and  every  variety  of  article  in  this  extensive  branch. 

Division  E  is  devoted  to  materials  for  the  construction  of  walls. 
It  includes  the  common  Brosely  brick  at  24s.  per  1000,  beautifully 


Fig.  561. 


Maw  &  Company’s  Majolica  Mantelpiece,  Designed  by  Mr.  Digby  Wyatt. 


supply  a  cheap  material  for  coloured  decoration  in  roofs.  The  pieces 
of  roof  here  exhibited  are  composed  for  the  most  part  of  the  common 
brown  and  blue  Shropshire  tiles,  which  are  sold  at  from  25s.  to  30s  per 
thousand.  The  buff  tiles  are  rather  more  expensive,  and  the  intro¬ 
duction  of  the  enamelled  blues  and  greens,  though  costly  in  them¬ 
selves,  does  not  increase  the  cost  of  the  mixed  arrangements  to  much 
more  than  double  the  price  of  common  tiles.  A  great  variety  of 
ridge  tiles  with  ornamental  cresting  are  included  in  this  division. 

The  most  prominent  example  in  the  paving  materials’  division,  b, 
is  Messrs.  Maw  &  Company’s  pictorial  mosaic  pavement,  Fig.  560,  the 
subject  Apollo  and  the  Seasons.  This  magnificent  work,  designed 
by  Mr.  Digby  Wyatt,  partakes  more  of  the  character  of  the  Cartha¬ 
ginian  and  other  African  mosaics  than  the  Italian  Roman  pave¬ 
ments.  It  has  been  exquisitely  carried  out  by  Messrs.  Maw  in  their 
vitreous  earthenware  tesserae,  of  which  it  contains  nearly  100,000 
pieces.  The  heads  are  for  the  most  part  composed  of  }  inch  cubes. 


finished  moulded  bricks,  enamelled  and  glazed  bricks,  and  a  variety 
of  other  kinds. 

Division  F,  devoted  to  sundry  architectural  decorations,  which  in¬ 
clude  manyobjects  of  interest ,  the  most  prominent  perhaps  being  Messrs. 
Maw’s  majolica  chimney-piece,  designed  by  Mr.  Digby  Wyatt,  and 
shown  in  the  annexed  engraving,  Fig.  561.  The  base  is  Mansfield 
stone,  so  highly  enriched  with  brilliantly-coloured  enamelled  tiles  as 
to  leave  the  stone  visible  merely  as  a  setting  in  the  form  of  mould¬ 
ings,  plinths,  and  mantel-piece.  The  engraving  fails  to  show  the 
beautiful  effect  produced  by  the  majolica  brackets  which  support  the 
mantelpiece  and  form  a  moresque  arch  in  the  fire-place  opening. 
The  coloured  lines  with  which  their  edges  are  enriched  contrast 
beautifully  with  the  warm  colouring  of  the  sides  when  seen  in  per¬ 
spective.  The  work  in  fact  commands  attention  in  all  its  arrange¬ 
ments.  Messrs.  Maw  had  a  purpose  in  executing  this  work,  which 
was  to  illustrate  a  method  of  producing  architectural  enrichments, 
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at  present  quite  in  its  infancy.  It  is  evident  that  the  enamelled  tiles 
of  which  this  chimney-piece  is  composed,  may  be  employed  with  great 
effect  to  enrich  string-courses,  friezes,  dados,  and  plinths  of  buildings, 
either  externally  or  internally.  Being  indestructible  by  the  weather, 
they  will  at  the  expiration  of  a  lengthened  period  of  time  exhibit  the 
same  brilliancy  of  colour  as  when  first  put  up.  The  application  of 
enamels  to  purposes  of  architectural  enrichment,  is  also  illustrated 
by  a  kind  of  ware  which  may  be  termed  semi-majolica,  the  manu¬ 
facture  of  which  we  believe  is  peculiar  to  Messrs.  Maw.  The  prin¬ 
cipal  specimen  of  this  ware  is  a  spiral  column,  designed  by  Mr.  Digby 
Wyatt  in  the  Renaissance  style.  The  design  is  singularly  effective, 
both  in  arrangement  and  colour.  There  are  a  variety  of  other  speci¬ 
mens  in  this  style,  to  which  we  would  refer  more  particularly  did 
our  space  permit. 

Taken  separately,  or  as  a  whole,  the  various  works  in  this  court 
are  most  interesting,  and  show  a  wonderful  advance  in  taste  and 
manufacturing  skill,  both  in  science  and  manipulation.  Had  we  not 
chosen  Class  10  for  our  remarks  on  terra  cotta,  we  should  have 
written  equally  fully  of  the  beautiful  works  of  Mr.  Blashfield,  who 
has  exhibited  the  highest  taste,  not  only  in  the  selection  of  his  sub¬ 
jects  and  the  care  with  which  they  are  modelled,  but  he  has  made  a 
most  important  display  in  simple  terra  cotta — monochrome  would  be 
the  proper  term  for  it — to  distinguish  it  from  the  elaborate  works  we 
have  just  described.  All  Mr.  Blashfield’s  architectural  ornaments 
are  truthful  and  beautiful.  They  are  composed  of  a  compound 
vitreous  body,  formed  of  clay  from  the  oolite  beds  of  Lincolnshire 
mixed  with  Dorset  clay,  flint,  glass,  &c.  The  composition  of  the 
material  is  most  important  for  all  external  works,  and  great  attention 
has  been  paid  to  it.  Mr.  Blashfield’s  name  has  long  been  honourably 
connected  with  the  art  of  the  potter,  not  only  in  terra  cotta,  but  in 
encaustic  tiles,  tesserae,  and  pavements  generally.  He  was  early,  in 
connection  with  Mr.  Minton,  assisting  to  introduce  those  inventions 
from  which  both  have  derived  honour. 

A  new  introduction  in  very  good  taste  demands  our  notice, 
namely,  head-stones  for  graves  in  Gothic  and  other  patterns, 
exhibited  by  Mr.  Grimsby  of  Oxford. 

To  direct  attention  to  Messrs.  Mintons’  tiles  and  tesserae  would 
be  a  superfluous  work,  they  are  now  so  well  established  in  the 
market.  A  device  in  mosaic,  in  the  centre  of  their  porcelain  court, 
is  very  beautiful ;  it  is  second  only  in  our  opinion  to  that  exhibited 
by  Messrs.  Maw.  Messrs.  Minton  also  exhibit  majolica  tiles,  which, 
as  they  give  more  brilliant  colours  than  the  encaustic,  are  being 
much  used  for  reredos  in  churches  and  other  mural  decoration.  The 
Alhambra  Court  at  the  Crystal  Palace  is  one  of  the  most  important 
works  executed  in  this  style. 

EARTHENWARE. — This  staple  of  the  English  pottery  trade,  the 
foundation  of  whose  prosperity  was  laid  by  the  great  Wedgwood, 
and  whose  fabric  may  be  found  in  every  part  of  the  world,  is  well 
represented  in  the  Exhibition.  The  old  houses  sustain  their  well- 
earned  reputation,  and  many  new  ones  are  rising  to  dispute  their 
title  to  pre-eminence.  Of  late  years  an  article  has  come  into  use 
which  cannot  be  classed  with  ordinary  earthenware.  This  is  called 
“granite;”  it  is  made  in  a  superior  manner,  is  beautifully  white, 
and  was  introduced  to  supersede  French  china  in  the  American 
markets.  This  ware  is  now  much  in  demand,  both  at  home  and 
abroad.  It  is  generally  heavier  in  substance  than  the  ordinary 
earthenware,  but  the  quality  manufactured  by  some  bouses  is 
undoubtedly  very  fine. 

STONE  CHINA. — This  title,  when  properly  applied,  is  descriptive 
of  a  very  important  branch  of  manufacture,  being  a  vitreous  but 
opaque  body,  with  a  fine  hard  glaze.  This  ware  is  particularly 
suited  for  ships’  use,  for  hotels,  and  public  establishments,  one  great 
advantage  being,  that  when  chipped  the  biscuit  spot  will  not  absorb 
grease  or  moisture.  Brongniart  is  very  severe  on  what  he  calls  the 
quackery  of  our  pottery  nomenclature.  We  must  admit  he  is  correct, 


for  undoubtedly  not  one  hundredth  part  of  that  which  has  the  name 
“stone  china”  upon  it  has  any  pretensions  to  the  title. 

As  to  the  taste  displayed  in  the  earthenware  exhibited,  we  are 
happy  to  award  it  general  commendation.  Whether  we  are  to 
attribute  this  improvement  to  the  more  educated  taste  of  the  con¬ 
sumer,  the  manufacturer,  or  the  designer,  and  through  the  latter 
to  the  influence  exerted  by  schools  of  art,  we  know  not ;  but  it  is 
certain  that  we  now  find  more  correct  drawing,  and  more  taste  in  the 
application  of  ornament,  than  at  any  former  period. 

The  style  of  decoration  generally  adopted  for  stone  china  is  that 
which  is  known  by  the  name  of  “japan,”  being  coloured  and  gilt 
Chinese  patterns,  and  also  bands  of  colour,  similar  to  those  used  on 
porcelain. 

SEMI-PORCELAIN. — This  is  a  peculiar  manufacture,  produced  by 
one  house  only,  Messrs.  Grainger  of  Worcester.  The  body  of  this 
ware  is  a  vitreous  one,  and  the  glaze  beautiful  in  texture  and  very 
hard.  The  samples  of  this  ware  in  the  Exhibition  deserve  much 
praise,  not  only  for  their  quality,  but  for  the  great  elegance  of  their 
style. 

ENGLISH  MAJOLICA  AND  PALISSY  WARES,  although  manufac¬ 
tured  almost  exclusively  by  one  house,  may  at  the  present  time  be 
considered  a  national  manufacture,  in  consequence  of  the  hold  they 
have  taken  upon  the  public  taste.  These  wares,  as  manufactured 
by  Messrs.  Minton,  being  entirely  different  to  those  made  on  the 
Continent,  claim  a  certain  amount  of  originality,  and  the  circum¬ 
stances  of  their  introduction  may  be  interesting  : — 

When  the  late  Herbert  Minton  visited  the  Paris  Exhibition 
thirteen  years  ago,  he  called  at  a  small  manufactory  of  faience,  near 
Rouen,  and,  admiring  the  peculiar  character  of  the  ware  made  there, 
determined  upon  introducing  a  similar  article  in  England  for  horti¬ 
cultural  purposes.  Having  purchased  some  specimens,  he  intrusted 
them  to  the  care  of  M.  L.  Arnoux  (who  was  already  acquainted 
with  the  process  of  manufacture),  and  requested  him  to  undertake 
a  series  of  trials  for  that  purpose.  At  this  time  Mr.  Minton  had 
other  new  works  in  hand,  so  that  it  was  not  until  the  year  1850 
that  anything  could  be  done.  The  Great  Exhibition,  however, 
drawing  near,  made  it  necessary  that  no  time  should  be  lost.  The 
first  experiments  were  on  the  processes  of  France  and  Italy;  but  the 
results  soon  showed  that  if  success  was  to  be  obtained,  it  must  be  on 
some  other  principle,  the  nature  of  the  clays,  fuel,  and  other  materials 
being  totally  different  to  those  in  use  on  the  Continent.  The  next 
trial  was  with  the  marls  of  the  neighbourhood,  which  proved  a  great 
success,  so  much  so  that  in  1851  Messrs.  Minton  were  enabled  to 
make  a  most  important  display  in  English  majolica,  which  at  the 
time  created  quite  a  sensation,  and  of  which  the  subsequent  pro¬ 
gress  has  been  uninterrupted. 

From  what  we  have  stated  it  would  be  wrong  to  compare  Messrs. 
Mintons’  majolica  to  the  Italian,  the  French,  or  the  Delf,  the 
composition  of  the  clays  and  enamels,  and  also  the  processes,  being 
so  totally  different.  Take,  for  example,  the  French  faience:  this 
being  made  from  a  calcareous  clay,  cannot  bear  a  high  temperature, 
consequently  the  first  firing  to  convert  the  ware  into  the  biscuit 
state,  is  given  in  the  easiest  part  of  the  glost  oven  ;  and  that  is  the 
reason  why  the  French  artistic  faience  now  made  in  Paris  is  so 
very  brittle.  Some  of  it  will  scarcely  stand  packing,  unless  very 
carefully  handled.  At  Messrs.  Mintons’,  on  the  contrary,  the  ware 
not  containing  any  lime,  is  fired  first  at  a  very  high  temperature,  the 
glazes  and  enamels  afterwards  applied  on  the  surface  undergoing  a 
much  less  heat.  If  the  French  faience  were  submitted  to  the  first 
fire  in  our  ovens,  it  would  most  likely  be  melted  down. 

It  will  thus  be  seen  that  the  majolica  of  Messrs.  Minton  is  a 
production  of  their  own,  and  that  they  have  been  rewarded  for  their 
experiments  by  an  unexampled  success.  They  have  also  been 
enabled  to  produce  colours  which  were  unknown  on  such  wares, 
viz.,  turquoise,  Chinese  yellow,  crimson,  &c.  Many  of  their  wares 
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combine  the  peculiar  features  of  Luca  della  Robbia  and  Palissy, 
some  of  the  enamels  being  transparent,  some  semi-transparent, 
and  others  opaque. 

In  this  exhibition  of  majolica  and  Palissy  wares  there  is  great 
variety,  many  of  the  articles  differing  essentially  both  in  appearance 
and  composition.  We  would  specially  note  a  set  of  five  dishes, 
painted  from  the  celebrated  cartoons  of  Mantegna,  now  at  Hampton 
Court.  They  have  been  painted  upon  the  surface  of  an  opaque 
enamel,  and  show  a  great  freshness  of  colouring.  A  pair  of  vases 
decorated  in  the  same  manner — with  allegorical  subjects  of  Poetry, 
Justice,  Philosophy,  and  Theology,  all  on  rich  orange  grounds,  from 
the  paintings  hy  Raphael  at  the  Vatican — and  a  small  table  with  a 
subject  from  Van  Loo,  are  also  worthy  of  notice.  There  are  also 
exhibited  some  pieces  executed  in  a  very  different  style,  being 
painted  on  the  biscuit  under  the  glaze.  This  process  is  quite  new, 
the  colour  of  the  biscuit  itself  being  taken  for  the  foundation  of  the 
flesh  of  all  the  figures,  and  also  showing  through  the  delicate 
colours  of  the  draperies,  &c,,  the  whole  being  covered  with  a  trans¬ 
parent  glaze  by  which  a  greater  harmony  is  secured,  and  a  bolder 
effect  produced.  Those  who  are  acquainted  with  the  processes  of 
pottery  will  perceive  the  difficulty  which  has  here  been  overcome, 
so  few  colours  being  able  to  stand  a  glaze  fire  without  running  or 
being  destroyed.  The  best  specimen  in  this  style  is  a  large  ewer 
and  stand,  decorated  with  figures  of  the  gods,  after  Polidor  Cara- 
vagio.  In  the  same  style  is  exhibited  an  oval  dish  representing 
Vulcan  forging  the  arrows  of  Cupid  in  the  presence  of  Venus,  and 
also  a  pair  of  vases  in  the  style  of  Louis  XV.,  with  subjects  from 
Boucher.  In  the  majolica  vases  not  painted  we  find  a  wonderful 
variety ;  amongst  them  we  recognize  many  old  friends,  but  there 
are  also  many  new  and  choice  models.  The  St.  George  fountain 
under  the  eastern  dome,  must  be  considered  par  excellence — the  piece 
of  pottery  of  the  Exhibition.  It  is,  we  believe,  a  unique  work,  both 
for  size  and  character  of  execution.  The  group  of  St.  George  and 
the  Dragon  is  worthy  of  notice,  both  from  the  spirit  of  the  model 
and  the  excellence  of  the  manufacture.  We  must  here  be  allowed 
to  express  our  regret  that  the  arrangement  of  the  water  tends  to 
mar  the  beauty  of  this  work.  The  water  in  a  fountain  should  un¬ 
doubtedly  form  part  of  the  design,  and  aid  the  general  effect.  Here 
it  is  not  so ;  the  figure  of  St.  George  is  continually  in  a  mist  which 
is  neither  grand  nor  picturesque.  We  would  direct  attention  to 
all  the  parts  of  this  fine  work ;  the  small  stork  fountains  and  the 
vases  which  surround  the  basin,  also  the  effect  of  the  various 
panels  and  borders  let  into  the  stone  work — all  are  clever,  both  in 
their  design  and  manufacture. 

We  should  not  be  doing  justice  to  this  work  did  we  not  note  the 
fact  that  all  the  colouring  is  done  by  women,  pencilled  on,  and 
burnt  at  one  single  fire  ;  the  colours  being  different  when  laid  on 
to  what  they  become  when  burnt,  adds  not  a  little  to  the  judgment 
and  care  required  in  manipulation. 

Amongst  the  other  specimens  of  this  ware  we  would  specially 
notice  a  pair  of  vases  of  a  deep  violet  ground,  supported  by  four 
Cupids.  This  model  is  certainly  very  fine,  whether  regarded  in 
design  or  manufacture ;  being  all  in  one  piece.  We  insert  a  wood- 
cut  of  this  vase,  Fig.  562,  merely  to  show  its  general  character ;  but  it 
must  be  seen  to  be  appreciated  as  a  specimen  of  successful  potting. 

We  must  also  notice  the  large  Greek  candelabra,  which  are 
coloured  entirely  with  Palissy  colours.  They  stand  upwards  of 
eight  feet  high,  and  are  arranged  to  carry  twelve  globes  or  lights, 
the  large  basin  at  the  base  being  intended  for  growing  flowers. 
When  we  think  of  the  fabulous  prices  given  for  old  Palissy  and 
majolica  ware,  we  are  tempted  to  speculate  on  the  comparative 
value  of  the  productions  before  us,  should  the  period  arrive  when 
they  may  be  placed  amongst  the  wonders  of  past  times. 

The  wares  in  imitation  of  malachite  and  porphyry  are  also  new 
and  interesting  productions.  By  a  clever  mixture  of  coloured  clays, 


covered  afterwards  with  a  transparent  coloured  glaze,  specimens 
have  been  produced  presenting  the  rich  and  accidental  shading  of 
minerals,  such  as  malachite  and  porphyry.  Several  of  these  are 
enriched  with  gold  borders  with  good  effect. 


Fig.  562. 


Majolica  Vase  supported  by  Four  Cupids,  by  Messrs.  Minton. 


In  the  Royal  dairy  at  Windsor  much  of  this  work  has  been  intro¬ 
duced,  under  the  direction  of  our  late  lamented  prince,  and  from 
the  designs  of  the  late  J.  Thomas.  The  beauty  and  harmony  pro¬ 
duced  by  a  judicious  use  of  these  brilliant  colours  are  here  shown 
to  great  advantage. 

All  this  pottery  has  been  produced  under  the  management  of  M. 
L.  Arnoux,  the  talented  director  of  Messrs.  Mintons’  works,  in  whose 
hands  it  was  intrusted  at  the  commencement,  and  in  it  he  has  had 
full  scope  for  the  exercise  of  his  chemical  and  artistic  knowledge. 
We  stated  at  the  commencement  that  this  description  of  ware  was 
almost  confined  to  the  house  of  Messrs.  Minton;  the  only  other  dis¬ 
play  of  any  importance  is  that  made  by  Messrs.  Wedgwood,  who 
have  availed  themselves  of  the  services  of  the  well-known  painter  on 
majolica,  M.  Lessor.  All  the  works  of  this  artist  are  wonderfully 
fine.  There  is  a  harmony  of  colour  and  a  dashing,  facile  beauty 
about  the  entire  collection  which  is  truly  fascinating.  We  do  not 
find  one  laboured  work  :  all  are  remarkable  for  that  freedom  of 
touch  which  only  responds  to  the  mind  of  an  artist.  We  cannot 
help  thus  commending  the  works  of  M.  Lessor  ;  they  need  no  com¬ 
pliment,  their  merit  is  evident.  However  much  we  should  like  to 
have  seen  the  name  of  Wedgwood  connected  with  an  art  manufac 
ture  of  purely  English  invention,  we  cannot  but  commend  the  taste 
which  has  prompted  the  firm  to  adopt  into  their  present  establish¬ 
ment  an  artist  who,  if  not  an  English  Flaxman— elegant  and  almost 
divine  in  the  simple  purity  of  his  taste — is  remarkably  talented,  gay 
and  sparkling  with  the  national  characteristics  of  his  countrymen. 
We  still  hope  the  art  of  ceramic  bas-reliefs  will  receive  at  the  hands 
of  Messrs.  Wedgwood  the  attention  it  deserves;  for  although  the 
classic  taste  of  the  empire  is  not  now  in  the  ascendant,  there  is 
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abroad  a  high  artistic  feeling  which  will  always  appreciate  works  of 
a  severe  character.  The  more  severe  the  style,  the  more  important 
the  lesson :  for  it  must  be  remembered  that  good  work  of  any  kind 
has  this  healthy  influence,  that  it  renders  the  mind  impatient  of 
that  which  is  less  perfect,  and  thus  imperceptibly  necessitates  pro¬ 
gress.  In  this  fact  lies  the  value  of  bringing  fine  works  of  art  before 
the  people. 

ENGLISH  PORCELAIN. — There  is  no  manufacture  in  the  Exhibi¬ 
tion  which  commands  greater  attention  than  this,  whether  we  regard 
it  as  ministering  to  our  every-day  necessities,  to  the  elegant  appoint¬ 
ments  of  our  social  gatherings,  or  to  the  ornamental  beauty  of  our 
reception  rooms.  It  has  always  afforded  a  large  field  for  the  taste 
and  ingenuity  of  the  artist,  both  iu  modelling  and  painting,  and  never 
were  these  qualities  used  with  greater  effect  than  at  the  present 
time.  There  is  something  about  the  English  porcelain  in  the 
Exhibition,  taken  as  a  whole,  which  must  impress  the  observer  with 
a  favourable  idea  of  English  taste.  It  is  true  there  is  very  much  to 
condemn,  but  there  is  also  much  to  praise.  There  is  an  evident 
catering  for  comfort,  and  yet  there  is  a  disposition  to  elegance 
amongst  the  middle  class  wares,  which  contrasts  favourably  with 
those  produced  on  the  Continent  for  similar  purposes. 

This  art  has  had  its  vicissitudes  in  England,  as  elsewhere.  The 
works  of  Bow,  Chelsea,  and  Derby,  have  disappeared,  but  those  of 
Worcester  and  Coalport  still  remain.  Minton  and  others  have 
arisen  to  infuse  that  new  blood  which  is  periodically  required  to 
inspire  not  only  individual  establishments,  but  which,  through  the 
emulation  excited  by  such  displays  as  the  present,  must  materially 
affect  the  manufacture  of  pottery  throughout  the  world. 

The  conditions  under  which  English  and  continental  potters  work 

are  essentially  differ¬ 
ent,  and  yet  there  is 
sufficient  similarity  in 
the  requirements  of 
modelling  and  paint¬ 
ing  to  enable  us  to 
institute  a  fair  com¬ 
parison.  English  por¬ 
celain  is  what  is  tech¬ 
nically  called  soft,  and 
continental  porcelain 
hard;  the  former  is 
subjected  to  its  great¬ 
est  fire  in  the  biscuit 
state,  the  latter  when 
glazed.  The  body 
of  the  porcelain  used 
by  all  the  leading 
English  houses  is  very 
similar  in  character, 
the  principal  differ¬ 
ence  being  in  the 
styles  adopted,  which 
in  most  cases  have 
become  distinctive. 
The  Mintons  appropri¬ 
ate  the  lighter  Sevres, 
and  Marcolini  Dres¬ 
den;  Copeland,  classic 
forms  adapted  to 
modern  decorations ; 

Porcelain  Vase,  by  Messrs.  Minton.  Coalport,  Sevres  styles 

of  the  richer  and  more 

gorgeous  character.  Worcester  studies  to  uphold  its  character  for 
originality. 

There  are  two  or  three  specialities  to  which  we  would  now 


direct  our  attention.  In  1851  Messrs.  Minton  introduced  a  com¬ 
bination  of  parian  and  porcelain  for  the  ornamental  portion  of 
dessert  services.  The  style  has  since  been  used  by  almost  every 
maker  of  porcelain  in  England;  but  some  of  the  pieces  exhibited  by 
Minton  surpass  everything  we  have  seen  of  the  kind.  It  may  be  true 
that  the  works  we  admire  were  designed  and  modelled  by  foreigners, 
but  we  must  not  on  this  account  shut  our  eyes  to  their  beauty. 
We  engrave  one  piece,  and  regret  our  space  will  not  enable  us  to  do 
more — Fig.  563. 

Another  introduction  which  calls  for  special  remark  is  the  pfite 
tendre  revival  of  Messrs.  Minton.  This  beautiful  ware  has  been 
but  recently  introduced,  and  is,  we  believe,  the  invention  of  Mr. 
Hollins,  one  of  the  present  firm.  A  full  description  of  this  ware 
would  be  most  interesting,  but  our  space  does  not  permit  of  our 
entering  upon  it.  We  must  remark,  however,  one  of  its  peculiar 
features,  that  all  the  painting  looks  as  if  it  were  done  under  the  glaze. 
The  rich  glaze  gives  great  brilliancy  to  the  coloured  grounds ; 
amongst  these  are  found  turquoise,  Bleu  du  roi,  Rose  du  Barry,  a 
lovely  green;  all  are  fine.  The  figure-painting  on  some  of  the 
vases  is  remarkable  for  its  delicacy  and  beauty.  The  flower 
painting  is  also  excellent ;  but  to  direct  attention  to  any  one  speci¬ 
men  is  unnecessary  where  praise  is  due  to  all. 

Mr.  Copeland  also  exhibits  some  fine  examples  of  flower  painting. 
Some  of  the  specimens  of  decorated  porcelain  exhibited  by  Mr. 
Copeland  are  wonderful  for  their  richness,  and  the  amount  of  labour 
bestowed  upon  them  ;  but  we  must  be  allowed  to  express  our  opinion 
that  they  are  overdone  with  work.  The  landscape  painting  of  this 
house  is  specially  worthy  of  notice. 

We  have  now  to  remark  on  what  we  consider  a  fault  of  Messrs. 
Minton.  Very  many  of  the  decorated  vases  are  facsimiles  of  old 
Sevres  forms.  They  give  two  reasons  for  adopting  these  forms — 
the  taste  of  the  connoisseur,  who  considers  that  no  shapes  but  those 
literally  copied  from  old  Sevres  are  suitable  for  their  purpose;  and, 
the  difficulty  of  obtaining  forms  which  shall  to  an  equal  extent  be 
so  suitable  for  painting,  and  prove  equally  attractive  objects  iu  the 
drawing-room.  The  taste  of  the  connoisseur  must  be  founded  upon 
a  firmer  basis  than  mere  opinion,  to  convince  us  that  it  is  correct; 
and  the  question  as  to  whether  Louis  XV.  forms  are  more  suited  to 
the  decoration  of  a  drawing-room  than  those  of  the  classic  or  the 
Italian  renaissance  styles  is  simply  a  matter  of  opinion. 

Does  not  much  of  the  prestige  attached  to  an  exact  copy  irise 
rather  from  the  fact  that  it  is  an  exact  copy,  than  that  it  is  to  be 
admired  for  its  beauty  ?  Such  being  the  case,  art,  in  the  realization 
of  the  mind’s  fancies,  is  no  longer  fostered,  invention  ceases,  and  the 
imagination  becomes  paralyzed.  Some  of  the  Coalport  specimens 
are  remarkable  for  their  beautiful  painting  and  brilliant  colours. 
The  Rose  du  Barry  is  very  fine,  and  some  services  and  vases 
exhibited  in  this  colour  are  worthy  of  special  notice.  Some  of  the 
classic  forms  exhibited  by  the  Worcester  Royal  Porcelain  Works 
have  excited  considerable  admiration,  and  a  character  for  general 
good  taste  has  been  liberally  awarded  to  its  productions.  We  regret 
we  cannot  give  a  detailed  account  of  any  of  these  establishments. 
Could  we  do  so  a  most  interesting  paper  might  be  written,  but  in  this 
short  review  we  must  confine  our  notice  to  those  points  which  are 
striking  and  characteristic. 

PARIAN  OR  STATUARY  PORCELAIN.— The  trade  in  the  material 
thus  named  has  risen  to  a  very  important  position  in  the  pottery 
district ;  not  indeed  that  we  can  class  all  the  various  productions 
under  the  title  of  art  manufactures,  for  many  persons  totally  unquali¬ 
fied  have  been  tempted  to  engage  in  the  business,  and  the  market 
has  thus  been  overrun  with  an  immense  quantity  of  inferior  wares. 
Happily,  however,  we  have  a  good  set-off  against  these  shortcomings 
— the  productions  of  Messrs.  Copeland  &  Minton,  and  a  few  others, 
being  really  art  manufactures.  Mr.  Copeland  has  long  made  this 
branch  one  of  the  leading  features  of  his  establishment.  His  “  Re- 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


419 


turn  from  the  Vintage”  and  “Ino  and  Bacchus”  will  be  remembered 
with  pleasure  by  those  who  studied  the  works  in  1851.  This  year 
the  specimens  are  remarkable  not  only  for  their  high  artistic  cha¬ 
racter  and  general  elegance,  but  also  for  the  introduction  of  a  new 
body  by  Mr.  Battam,  F.S.A.,  the  special  recommendation  of  which 
is,  that  it  allows  of  the  smallest  amount  of  contraction  yet  known  in 
a  clay  body,  being,  as  we  are  informed,  about  l-13th  of  the  model. 
This  is  a  great  recommendation,  as  it  prevents  that  distortion  which 
it  is  almost  impossible  to  avoid  in  pieces  of  various  sizes  and 
thicknesses,  under  great  contraction.  We  confess  that  we  do  not 
like  the  general  appearance  of  the  body  so  well  as  the  statuary 
porcelain  :  it  is  too  cold  and  chalk-like.  It  does  not  absorb  the 
light,  like  ordinary  pariau ;  consequently  it  is  not  so  soft  and  beauti¬ 
ful  in  its  effect. 

We  should  find  a  difficulty  in  naming  all  the  works  worthy  of 
notice,  but  we  would  direct  special  attention  to  the  productions  of 


they  were  introduced  about  the  beginning  of  the  fifteenth  century 
to  supply  a  novelty,  the  Cloisonnd  and  Champleve  styles  having 
been  literally  used  up.  The  process  employed  in  this  style  of  work 
was  essentially  different  to  that  hitherto  used.  Formerly  the 
enameller  required  the  assistance  of  the  engraver  to  mark  out  the 
outlines  of  the  design  :  now  the  surface  was  perfectly  smooth,  as  a 
panel  of  wood  or  canvas,  and  the  subject  was  painted,  the  pencil 
expressing  both  form  and  colour.  It  is  considered  that  the  improve¬ 
ments  in  glass  painting  which  were  introduced  about  the  end  of  the 
fourteenth  century,  suggested  this  new  mode  of  enamellingupon  copper. 
As  may  be  supposed  the  early  specimens  of  this  art  are  very  imper¬ 
fect,  and  consequently,  being  deficient  in  beauty  and  value,  have  not 
been  preserved.  They  are  very  rare.  Towards  the  middle  of  the 
fifteenth  century  the  art  had  made  great  progress.  It  may  be  interest¬ 
ing  to  describe  the  process  used  at  that  period.  On  an  unpolished 
plate  of  copper  the  enameller  traced  the  outlines  of  the  subject  to  be 


Fig.  534.  F>Ef-  565‘ 


Ewer  and  Dish  in  Enamel,  from  the  Royal  Porcelain  Works,  Worcester. 


Messrs.  Copeland,  Minton,  Brown-Westhead,  and  Sir  James  Duke, 
Worcester  and  Coalport.  The  busts  of  Copeland  are  good  examples 
of  the  new  body,  but  his  display  of  general  statuary,  both  plain 
and  tinted,  is  remarkably  fine,  and  does  much  to  uphold  the  national 
taste.  Some  of  Minton’s  larger  pieces  are  excellent,  claiming  atten¬ 
tion  from  their  size  and  beauty  of  manufacture,  particularly  “  The 
Knitting  Girl”  and  “  The  Skipping  Girl,”  by  Mrs.  Thornycroft,  and 
a  Venus  after  the  antique.  But  the  introduction  of  parian  for  deco¬ 
rative  purposes  in  ceutre-pieces,  compotieres,&c.,  is  Messrs.  Mintons’ 
forte,  and  we  must  again  express  our  admiration  of  the  designs. 
Messrs.  Westhead  and  Moore  exhibit  some  good  busts,  and  a  group 
of  large  size.  Sir  James  Duke  also  exhibits  some  good  works  of 
large  size,  as  well  as  a  great  variety  of  smaller  models.  Worcester 
and  Coalport  confine  their  productions  to  the  smaller  articles.  Many 
of  these  are  remarkable  for  their  beauty,  and  have  commanded  a 
great  success. 

ENAMELS. — The  painted  enamels  of  Limoges  have  been  cele¬ 
brated  for  upwards  of  three  hundred  years.  According  to  Labarte 


represented.  The  plate  was  then  overlaid  with  a  thin  translucent 
flux,  after  which  the  enameller  began  to  apply  his  colours.  The 
outlines  were  first  covered  with  a  dark-coloured  enamel  which  was 
to  give  the  outlines  on  the  surface  of  the  picture  ;  the  draperies,  sky, 
and  accessories  were  then  expressed  by  enamel  colours  in  thick 
layers.  There  was,  therefore,  a  total  absence  of  shadow  in  this 
painting,  in  which  the  first  design  was  expressed  by  thickness  of 
colour.  The  space  for  the  flesh  tints  was  filled  with  a  black  or  deep 
violet  enamel ;  they  were  then  rendered  upon  this  ground  by  white 
enamel  applied  in  layers  more  or  less  thick  in  order  to  preserve  the 
shadows,  and  thereby  obtain  a  sketch  very  lightly  in  relief  of  the 
principal  bony  and  muscular  parts  of  the  face  and  body ;  conse¬ 
quently  all  the  carnations  in  this  process  have  a  bistre  or  violet  hue 
by  which  they  may  easily  be  recognized.  In  order  to  produce  effect 
in  the  rest  of  the  painting  where  the  shadows  were  wanting,  the 
light  parts  of  the  hair  and  drapery  were  frequently  indicated  by 
touches  of  gold.  The  imitation  of  precious  stories  upon  the  mantles 
of  saints,  &c.,  are  peculiar  to  this  description  of  enamels. 
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About  the  beginning  of  the  sixteenth  century  we  find  an  important 
change  in  the  process  used  by  enamel  painters.  Before  commencing 
their  painting  they  covered  the  plate  of  copper  with  a  thickish  layer 
of  enamel,  either  black  or  of  a  deep  colour.  Upon  the  ground  thus 
prepared  they  executed  the  drawing  by  means  of  different  processes 
with  white  opaque  enamel,  in  such  a  manner  as  to  produce  a  grisaille, 
of  which  the  shadows  were  obtained  either  by  laying  on  the  white 
enamel  less  thickly  in  some  parts  than  in  others,  or  by  scratching  it 
away  to  let  the  black  ground  reappear,  which  latter  operation  was 
to  be  performed  before  the  firing  of  the  piece.  If  the  piece,  instead 
of  remaining  in  grisaille,  was  to  be  coloured,  the  different  colours  of 
a  semi  transparent  enamel  were  spread  over  the  grisaille.  The  piece 
was  of  course  placed  several  times  in  the  furnace  during  these  opera¬ 
tions,  which  could  only  be  done  in  succession. 

We  have  been  thus  particular  in  describing  the  processes  of  the 
enamels  of  Limoges,  because  they  are  to  a  certain  extent  so  very 

Fig.  566. 


Veiled  Bust. — Kaphaelesque  Porcelain. 


similar  to  one  of  the  most  important  specialities  in  the  Ceramic 
Exhibition,  viz.,  the  Worcester  enamels.  We  have  shown  how 
the  now  national  manufacture,  majolica,  sprang  from  the  impression 
made  upon  Mr.  Minton  during  his  visit  to  a  continental  pottery,  and 
we  may  state  in  reference  to  the  enamels  of  Worcester  that  during 
a  visit  to  the  late  Sir  Edmund  Lechmere  in  1853,  the  inventor 
became  so  much  impressed  by  that  gentleman’s  judicious  explana¬ 
tions  and  opinions  respecting  a  variety  of  Limoges  specimens  in  his 
possession,  that  he  resolved  to  attempt  the  introduction  of  a  new 
manufacture  founded  upon  the  enamels  in  grisaille. 

Instead  of  the  copperplates  coated  with  enamel,  fine  porcelain 
plaques  were  introduced,  glazed,  and  coloured,  with  a  coating  of 
cobalt;  this  material  producing  a  most  powerful  colour,  which  can 
be  varied  from  a  brilliant  blue  to  a  deep  black.  The  principal 
difficulty  consisted  in  getting  a  white  enamel  which  should  fulfil  all 
the  requirements  of  the  artist,  opacity  combined  with  softness,  and 


softness  with  durability,  so  as  to  enable  the  work  to  stand  repeated 
firing.  The  exhibition  of  enamels  in  the  style  of  Limoges  is  almost 
confined  to  the  Royal  Porcelain  Works,  Worcester.  They  at  all 
events  have  made  it  a  special  feature,  and  whilst  two  or  three  other 
houses  exhibit  more  exact  copies  of  the  Limoges  styles,  Worcester 
takes  an  altogether  independent  course  ;  in  no  single  instance  is  a 


Fig.  567. 


Ornamental  Salt  Cellar. — Kaphaelesque  Porcelain. 

copy  of  Limoges  exhibited,  although  the  works  have  been  studied 
with  much  profit.  The  style  being  quite  different,  they  have  pre¬ 
ferred  choosing  the  works  of  Flaxman,  Ary  Scheffer,  and  other 
artists  of  our  own  time,  in  addition  to  those  of  the  Cinque  Cento 
period.  Amongst  the  works  exhibited  there  are  one  or  two  in  the 
style  of  Pierre  Raymond,  but  they  are  more  generally  painted  to 
have  the  effect  of  bas-relief.  The  Venus  plaque  is  an  illustration  of 
this  latter  style,  and  the  Holy  Family,  after  Raphael,  of  the  former. 
We  may  note  also  that  vases  of  a  more  severe  character  have  been 
chosen  to  suit  this  particular  class  of  work. 

The  most  important  undertaking  of  modern  times  in  enamels  is 
undoubtedly  the  service  manufactured  for  the  Queen.  Enamels  are 
rarely  used  for  this  purpose  on  account  of  their  great  cost,  and  the 
tedious  character  of  the  work ;  but  by  the  liberal  patronage  of  Her 


Fig.  56S. 


Jug  and  Goblet. — Kaphaelesque  Porcelain. 


Majesty  this  first  difficulty  has  been  surmounted,  and  the  assiduity 
of  the  artist,  Mr.  Bott,  has  overcome  the  latter,  the  enamels  of  the 
entire  service  having  been  executed  by  him.  Some  idea  may  be 
formed  of  the  application  required  when  we  state  that  for  the  plates 
alone  400  designs  had  to  be  made,  each  plate  having  five  panels,  a 
principal  subject,  and  four  subsidiary  ones — all  having  reference  to 
the  principal.  The  wine  coolers  are  especially  worthy  of  attention, 
the  size  of  the  panels  enabling  the  artist  to  display  his  taste  to  much 
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advantage.  In  the  class  of  enamels  we  may  name  trials  which 
have  been  made  on  different  coloured  grounds,  such  as  pink,  onyx, 
&c.  Had  it  not  been  for  the  all-absorbing  work,  the  Queen’s  ser¬ 
vice,  a  very  choice  variety  would  have  been  exhibited. 

There  is  perhaps  no  style  of  artistic  labour  in  the  Exhibition 
which  appeals  so  directly  to  a  refined  taste  as  these  enamels  painted 
in  a  vitreous,  yet  opaque  white,  on  a  ground  of  deep  blue ;  the  figures 
seem  to  float  on  the  surface.  In  the  subjects  of  the  Venus  before 
referred  to,  the  Sarpedon,  and  the  Mercury  and  Pandora,  this  pecu¬ 
liarity  will  be  particularly  observed. 

RAPHAELESQUE  PORCELAIN.— Such  is  the  title  given  by  the 
Worcester  house  to  one  of  the  most  effective  and  successful  novelties 
exhibited  in  porcelain.  This  art-manufacture  is  different  to  any¬ 
thing  yet  produced  in  ceramics.  Although  called  by  some  Capo 
di  Monti,  and  others  Buen  Ritero,  it  is  like  neither,  but  asserts  at 
once  an  original  character.  The  whole  effect  is  founded  upon  the 
beautiful  creamy  tint  of  the  ivory  body,  which  enables  the  colours 
to  be  softened  and  shaded  together  in  a  most  remarkable  manner. 
The  style  of  colouring  is  essentially  different  to  any  porcelain  paint¬ 
ing  in  the  Exhibition. 

The  colouring  of  solid  bodies  has  always  presented  difficulties  to 
the  artist.  Natural  treatment  has  resulted  in  heaviness,  particularly 
when  the  modelling  was  not  sufficiently  sharp  to  throw  a  strong  light 
or  shade,  and  a  purely  arbitrary  arrangement  of  light  and  shade  has 
rarely  been  ventured  upon.  By  a  most  judicious  blending  of  the 
colours  with  the  body,  the  present  result  has  been  obtained. 

In  this  collection  there  are  many  specimens  which  are  unique  in 
the  history  of  ceramic  manufacture.  The  veiled  busts  are  among 
the  most  successful.  Had  they  been  produced  at  Sevres,  Dresden, 
or  Chelsea,  the  prices  they  might  fetch  at  Christie’s  it  would  be 
impossible  to  say. 

Two  plaques  after  Clodion  are  beautiful  specimens  of  successful 
colouring.  A  flower  bowl  with  renaissance  ornament,  a  jug  of 
mediaeval  quaintness,  dessert  cornucopioe,  salt-cellars,  ink-stands, 
and  dejeuner  sets,  all  are  unique  in  character,  and  have  received 
extensive  patronage. — (Figs.  56J,  567.  and  568.) 

A  little  dejeuner  set  in  ivory  egg-shell  porcelain,  with  raised 
flowers,  a  replica  of  one  manufactured  for  her  Royal  Highness  the 
Prinoess  Alice,  will,  we  believe,  stand  competition  with  any  similar 
work  in  the  Exhibition. 

FOREIGN  PORCELAIN.— In  reviewing  the  porcelain  of  the  Conti¬ 
nent,  we  are  naturally  drawn  first  to  the  collection  of  Sevres  as  the 
most  celebrated  in  the  present  day,  and  enjoying  a  traditional  reputa¬ 
tion  of  wondrous  fame.  But  the  display  made  by  the  Imperial 
manufactory  of  Sevres  has  higher  claims  upon  our  attention 
than  those  which  rest  upon  a  traditional  reputation.  Of  all  the 
exhibitions  of  porcelain  in  our  Palace  of  Industry,  there  is  not  one 
which  can  be  compared  to  that  now  under  our  notice.  We  say 
cannot  be  compared,  because  the  conditions  under  which  this  manu¬ 
factory  is  worked  are  different  to  those  of  every  other.  Science,  art, 
progress,  are  the  three  words  most  fully  exemplified  in  this  exhibi- 
t  on.  There  is  not  one  specimen  which  condescends  to  vulgarity  to 
please  an  ignorant  public;  there  is  here  no  perversion  of  design  to 
assist  the  sale;  all  stand  upon  the  grand  basis  of  beauty  in  art,  and 
truth  in  design.  It  is  said  that  the  Imperial  manufactory  is  carried 
on  at  an  annual  loss  to  the  country  of  some  £8000.  We  maintain 
that  such  a  loss  is  an  immense  profit  to  the  nation.  If  for  the  paltry 
sum  of  £8000  to  £10,000  per  annum,  the  people  of  France  can  have 
set  before  them  such  lessons  of  science  and  art,  in  connection  with 
one  of  the  most  important  manufactures  of  the  country,  they  are 
very  happily  and  economically  instructed.  Lessons  given  in  such  a 
form  are  no  longer  theoretical;  the  porcelain  is  made,  the  form  is 
produced,  the  colour  is  tried,  the  risk  is  run,  the  work  completed. 


at  our  schools  of  art,  long  experience  as  a  manufacturer,  to  produce 
such  works  as  are  here  exhibited,  and  which  are  open  for  the 
instruction  of  the  world.  To  describe  the  works  worthy  of  notice 
in  the  Sevres  court  would  be  virtually  to  describe  all.  Truly  it  is 
a  magnificent  collection.  We  find  no  slavish  copies  of  Louis  XV. 
forms,  or  futile  struggles  to  emulate  the  glories  of  a  century  ago, 
either  in  voluptuous  colours,  or  Watteau  fancies.  A  grander  and 
more  sober  style  becomes  the  present  regime.  As  remarked  by 
other  writers  on  the  subject,  all  the  productions  of  Sevres  partake 
of  a  low  tone ;  more  of  the  tertiary  than  the  primary  or  secondary 
colours.  The  gold,  too,  is  less  bright,  but  it  is  more  beautiful. 
The  vast  amount  of  energy  displayed,  whether  in  the  scientific  task 
of  producing  series  of  colours  and  of  many  colours,  or  the  artistic 
talent  in  the  decoration  of  so  many  large  and  beautiful  works,  is 
something  very  wonderful;  it  is  worthy  of  an  imperial  name. 

Chief  amongst  the  Sevres  novelties  is  the  latest  and  most  suc¬ 
cessful  variety  of  the  famed  Celadon  ware;  it  is  called  “celadon 
changeant.”  The  body  partakes  of  a  pale  chocolate  tint,  which 
changes  to  a  pinkish  tone  when  viewed  in  a  particular  light.  In 
this  material  a  great  variety  of  vases,  centres,  tazzi,  ewers,  &c.,  are 
exhibited.  Some  large  vases,  having  very  beautiful  designs  pencilled 
upon  them  in  a  delicate  white  paste,  are  remarkably  fine.  The  pecu¬ 
liar  softness  with  which  the  transparency  of  the  paste  is  shown  by 
the  celadon  underneath  is  most  charming,  the  fine  rich  glaze  over 
all  adding  to  the  effect.  The  subjects  on  these  vases  vary  as  much 
as  the  forms.  On  the  tall  Eastern-shaped  vase,  the  groups  of  fish 
and  birds,  with  wreaths  of  flowers,  are  most  attractive.  On  the 
tazzi,  friezes  of  Amorini  and  classic  subjects  are  equally  well  placed. 
This  peculiar  ware  seems  well  suited  to  large  pieces,  the  cisterns 
on  claws  being  good  specimens.  Some  of  the  tazzi  are  sup¬ 
ported  by  figures  in  the  same  material,  but  these  are  less  pleasing. 

At  the  Paris  Exhibition  in  1855  a  very  beautiful  specimen  of  porce¬ 
lain,  a  dejeuner  set  introducing  the  celadon  effects,  was  shown,  and 
we  have  now  several  specimens  of  the  same  style.  There  are  other 
dejeuner  sets  in  pure  white  porcelain,  which  are  exquisite  specimens 
of  manufacture.  Amongst  some  of  the  more  rare  and  complicated 
works  is  a  pair  of  vases  in  celadon,  introducing  in  the  middle  of  the 
vase  a  soft  paste  band,  so  as  to  form  a  frieze  on  which  are  intro¬ 
duced  very  beautiful  subjects  in  rose  colour,  painted  by  M.  Froment, 
representing  peace  and  war.  The  tone  of  the  frieze  harmonizes  j 
admirably  with  the  celadon  ground.  Amongst  the  trial  specimens 
may  be  noticed  a  case  of  little  cups,  all  varied,  and  each  giving  a 
lesson  in  some  effective  combination  of  paste  or  colour.  They  are 
a  most  interesting  and  instructive  series.  For  sharpness  of  model¬ 
ling  nothing  can  surpass  a  pair  of  large  vases,  with  serpents 
entwined  in  the  handles.  The  colour  of  the  vases  is  a  pale  blue,  of 
the  tone  of  Lapis  Lazuli. 

There  are  some  large  and  small  vases  of  an  uncommon  agate 
ware,  similar  to  that  originally  made  by  Wedgwood,  and  lately  by 
many  houses  in  Staffordshire.  The  sharp  outlines  and  beautiful 
finish  of  these  specimens,  are  important  lessons  to  our  working 
potters* 

In  majolica  Sevres  exhibits  few  specimens;  but  in  form  and  colour 
these  are  of  an  original  character.  The  few  pieces  of  soft  paste 
are  copies  of  old  Sevres  forms  ;  but  however  beautiful  the  painting, 
or  pure  the  colours,  we  do  not  regard  them  with  the  same  interest 
as  we  do  the  new  and  original  works  of  which  we  have  been  treating. 

The  painting  of  Sevres  demands  serious  attention.  There  is  a 
masterly  spirit  through  it  all,  which  makes  one  thrill  again  with 
anxiety  to  see  the  same  work  on  English  ware.  It  is  not  the 
manipulation,  although  that  is  perfect ;  it  is  not  the  mere  drawing, 
that  is  perfect  likewise  ;  but  it  is  that  je  tie  sais  quoi  which  gives  to 
each  figure  a  character,  and  almost  an  existence.  There  is  action 


Is  it  possible  to  overrate  such  teaching  to  a  manufacturing  commu¬ 
nity?  It  would  take  many  lectures  on  chemistry,  many  years*  study 


in  every  muscle,  and  expression  in  every  lineament.  A  portrait 
of  the  empress  on  a  porcelain  plaque  is  a  very  beautiful  work. 
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We  can  recollect  hut  one  pair  of  vases  with  the  painting  of  which 
we  could  find  fault.  The  vases  in  question  are  painted  with  nude 
female  figures,  but  each  so  elongated  that  we  believe  the  proportion 
would  be  nearly  ten  heads  to  each.  It  is  true  that  Clodion  in  some 
of  his  bas-reliefs  did  so  elongate  the  figure  ;  but  the  style  is  ugly, 
and  is  not  true. 

We  leave  the  Sevres  Court,  feeling  that  we  have  not  done  any¬ 
thing  like  justice  either  to  its  motives  or  its  productions  ;  for  in 
whatever  style  of  art  we  desire  to  see  porcelain  work,  Sevres  can 
furnish  it,  and  in  each  style  the  best  of  its  kind. 

Next  to  Sevres  should  be  noticed  the  modern  pate  tendre  of  M. 
Bettiguies.  He  exhibits  a  variety  of  vases,  plaques,  &c.,  in  the 
style  of  .the  old  Sevres,  and  they  are  certainly  very  beautiful  both 
in  painting  and  in  paste  ;  but  we  confess  to  looking  upon  this  fine 
collection  with  some  indifference,  from  the  fact  that  nearly  all  are 
copies,  the  originals  of  which  may  be  seen  within  one  hundred 
yards,  at  the  South  Kensington  Museum. 

In  decorated  porcelain  there  is  no  one  who  can  take  a  higher 
position  than  M.  Rousseau.  There  is  an  originality  and  dash  of 
genius  about  every  piece  in  his  collection.  M.  Rousseau  is  not  a 
manufacturer,  but  a  decorator,  and  as  such  has  many  advantages  ; 
he  can  cull  from  the  choicest  forms  and  wares  of  every  manufac¬ 
turer.  That  he  has  done  so  with  advantage  to  his  own  reputation, 
and  that  of  the  wares  he  decorates,  must  be  apparent  to  every  one. 

Perhaps  there  is  no  display  of  which  English  manufacturers  have 
so  freely  asserted  their  undisguised  approval  as  this,  the  finest 
specimens  having  been  purchased  by  them  and  the  Department  of 
Science  and  Art.  None  of  the  specimens  exhibited  are  large,  but 
there  is  a  bijou  character  about  the  whole  display  which  amply 
compensates  for  the  deficiency  of  size.  Some  of  the  quaint  cups 
decorated  with  figures,  and  dead  gold  ornament,  are  remarkably 
fine.  Plates  and  vases  in  a  ware  of  similar  character  to  the  celadon 
of  Sevres,  with  subjects  in  low  relief,  are  also  fine  ;  they  are  beauti¬ 
ful  in  ornamental  decoration,  but  each  bears  the  impress  of  genius 
in  its  style  ;  it  copies  nothing ;  it  asserts  an  independent  originality. 
A  pair  of  vases  in  mottled  turquoise  are  both  curious  and  beautiful ; 
they  have  been  secured  for  the  Department  of  Science  and  Art.  A 
dessert  service  painted  in  rose  colour,  with  auimals  in  groups,  con¬ 
tains  the  finest  specimen  of  painting  we  have  seen.  It  is  not  what 
is  generally  called  enamel  painting — clean  lines,  delicate  touches, 
and  soft  glaze.  These  pieces  appeal  to  our  taste  through  an  entirely 
different  medium— that  of  art,  not  of  manufacture. 

There  are  many  decorators  of  porcelain  whose  general  good  taste 
would  call  for  notice  from  us  ;  but  wherever  the  style  is  that  usually 
recognized  in  Paris  goods  we  consider  they  do  not  demand  special 
remark.  Some  inventions  which  have  been  introduced  since  1851, 
however,  must  be  noticed ;  among  these,  the  chromo  lithographic 
process  of  printing  adapted  to  porcelain,  is  one  of  the  most  important. 
We  believe  the  invention  is  claimed  by  two  parties,  who  seek  to 
obtain  proprietors  for  their  patent  in  England.  Ultimately  we  have 
no  doubt  but  this  invention  will  obtain  favour,  and  we  trust  may  be 
the  means  of  introducing  good  taste  in  both  design  and  colour 
amongst  the  cheaper  productions  of  our  country,  and  so  help  to 
educate  the  taste  of  the  masses. 

Another  ingenious  invention  of  this  class  is  that  of  M.  Daniel, 
whose  arrangements  of  engraved  lines  on  coloured  grounds  pro¬ 
duce  a  very  elegant  effect. 

MM.  Gillet  &  Brianchon  :  We  see  here  a  very  elegant  and  scien¬ 
tific  invention  debased.  If  this  art  or  invention  had  been  applied 
sparingly  and  judiciously,  as  we  find  a  similar  introduction  used  in  the 
works  of  Maestro  Giorgio,  it  would  be  of  great  value  to  the  deco¬ 
rator  ;  but  when  we  find  the  material  daubed  over  every  model,  vase, 
cup,  or  candlestick,  without  the  slightest  taste  or  judgment,  it  be¬ 
comes  a  perfect  abomination.  We  are  obliged  to  condemn  in  the 
most  decided  manner  what  we  might  otherwise  have  freely  praised. 


No  exhibition  of  French  porcelain  would  be  complete  without  the 
bisque  of  M.  Gille.  For  taste  and  enterprise  he  has  no  rival.  The 
large  statues  in  this  material  are  certainly  wonders  of  manufacture. 
We  must  specially  commend  the  modelling  of  all  works  produced  by 
this  manufacturer.  Some  caryatide  figures  and  a  large  dog  are 
very  fine.  There  is  always  a  great  play  of  fancy  in  the  works  of  M. 
Gille ;  and  we  learn  that  this  arises  from  the  fact  of  all  the  best 
artists  bringing  their  works  to  him  before  offering  them  to  any  other 
house.  Some  of  the  designs  partake  of  a  character  which  is  too 
often  found  in  the  lighter  French  models,  and  which  we  must  entirely 
condemn. 

The  sentiment,  “  Beauty  unadorned  is  adorned  the  most,”  will 
well  apply  to  the  white  porcelain  of  M,  Pouyat  of  Limoges.  For 
beauty  of  material,  colour,  and  manufacture,  we  have  never  seen 
anything  to  equal  this  ware.  Like  the  generality  of  French  porcelain 
this  is  what  is  termed  hard.  It  is  composed  simply  of  clays  without 
bone.  It  is  fired  at  an  easy  fire  for  the  biscuit,  and  a  very  hard 
fire  for  the  glaze.  This  enables  the  glaze  to  permeate  through  the 
body,  so  that  on  breaking  a  piece  it  will  seem  more  like  opal  glass 
in  the  fracture  than  a  biscuit  body  with  a  glaze  on  the  outside.  This 
ware  is  more  durable  than  English  porcelain,  but  is  more  difficult 
and  costly  to  manufacture.  M.  Pouyat  has  long  held  a  first-rate 
reputation  as  a  manufacturer  of  porcelain.  At  the  Paris  Exhibition 
of  1855  his  specimens  were  admitted  to  be  beautiful ;  but  in  the 
present  display  he  has  outdone  himself,  probably  in  the  very  laudable 
desire  to  take  conceit  out  of  our  countrymen,  all  of  whom  admit, 
and  willingly  admit,  his  superiority.  The  taste  displayed  in  these 
works  calls  for  no  special  remark.  M.  Pouyat  has  a  fancy  for 
bisque  panels,  which  we  do  not  appreciate ;  it  is  in  the  manufacture 
of  pure  white  porcelain  that  he  stands  without  a  rival  in  the 
Exhibition. 

Next  to  M.  Pouyat  we  have  a  very  beautiful  display  also  of  white 
porcelain  from  another  house  in  Limoges,  M.  Ardant.  It  is  second 
only  to  that  we  have  just  described,  and  we  believe  a  large  trade  is 
done  in  this  country  with  these  productions. 

FRENCH  MAJOLICA.  —  The  French  display  of  majolica,  both 
modelled  and  painted,  is  good.  Take  the  display  as  a  whole,  we 
should  say  that  Minton’s  is  better,  particularly  if  we  understand  the 
different  conditions  under  which  the  wares  are  manufactured,  which 
have  been  already  explained  in  describing  Minton’s  work.  But  taken 
singly,  each  exhibiter  by  himself,  we  shall  find  that  invention  and  indi¬ 
viduality  which  calls  for  separate  remark.  Amongst  these,  the  pro¬ 
ductions  of  M.  Pinart  deserve  special  notice.  In  his  works  our  attention 
is  first  directed  to  a  difficulty  overcome.  However  great  that  difficulty 
might  be,  we  should  certainly  not  consider  it  entitled  to  much  con¬ 
sideration  did  we  not  perceive  an  advantage  gained  thereby.  Here 
there  is  a  very  decided  advantage  in  the  perfect  amalgamation  of 
the  painting  with  the  glaze.  The  body  of  this  ware  is  a  common, 
easy-fired  terra  cotta.  The  glaze,  which  is  a  white  enamel,  is  then 
laid  upon  the  surface,  and  when  that  is  dry  and  in  a  state  of  powder, 
the  painter  begins  to  work.  A  most  ungenial  canvas  truly,  but  the 
result  in  giving  all  the  fine  touches  of  cloud  or  distance,  of  drapery 
or  feature,  is  worth  the  trouble.  Another  artist,  M.  Lavalle,  we 
believe,  has  tried  to  produce  effects  similar  to  M.  Pinart  ;  but  his 
display  consists  of  some  enormous  dishes,  which  are  more  remarka¬ 
ble  for  their  size  than  their  elegance. 

The  painted  majolica  of  M.  Jean  is  very  good.  Much  taste  is 
shown  in  the  selection  of  both  form  and  subject.  Another  exhibi¬ 
ter,  M.  Deck,  seems  to  delight  in  eccentricities,  some  of  which  are 
very  clever — rather  seductive  for  the  connoisseur,  but  on  the  whole 
too  bizarre. 

We  must  not  pass  from  this  department  of  pottery  without 
expressing  our  unbounded  admiration  of  the  manufactures  of  M. 
Avisseau  of  Tours.  The  few  pieces  exhibited — a  dish  of  fish,  a 
group  of  a  stork  and  snake,  and  a  pair  of  candlesticks  in  imitation 
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of  the  well-known  design  in  Henri  II.  ware — are  quite  sufficient  to 
establish  the  reputation  of  any  artist  manufacturer  if  he  never  made 
anything  else.  We  scarcely  know  which  to  admire  most,  the 
elegance  of  the  colouring,  the  beauty  of  the  modelling,  or  the  per¬ 
fection  of  the  manufacture.  These  works  must  be  seen  to  be  under¬ 
stood.  No  remarks  of  ours  can  convey  an  idea  of  their  beauty. 

BERLIN. — The  royal  manufactory  at  Berlin  will  take  the  second 
place  amongst  the  porcelain  works  of  theContinent.  The  display 
made  by  this  establishment  is  a  very  beautiful  one,  but  it  by  no  means 
partakes  of  the  high  character  of  Sevres.  Many  of  the  works  are 
very  fine — some  of  the  paintings  on  large  vases,  plaques,  &c.,  parti¬ 
cularly  so.  The  modelling  is  generally  good  and  sharp,  although 
we  cannot  approve  the  taste  of  many  of  the  pieces.  From  a  state 
establishment  we  expect  a  high  purpose  in  everything ;  the  works 
must  be  not  only  refined  in  sentiment,  but  they  must  be  artistic  in 
execution.  This  is  not  always  the  case  with  those  before  us;  there 
is  too  much  which  savours  of  the  warehouse.  Many  of  the  goods 
appear  as  if  cheapness  had  been  studied,  instead  of  excellence ;  and 
we  cannot  understand  a  royal  manufactory  endeavouring  to  cut  into 
the  market  like  some  third  or  fourth  rate  trader.  This  is  not  the 
way  to  extend  the  fame  of  the  house,  or  to  educate  the  taste  of  the 
people.  It  is  here  that  Sevres  is  true  to  its  mission.  Berlin  has 
the  capabilities,  if  it  will  use  them  ;  many  of  the  works  bear  evidence 
of  the  highest  artistic  taste  both  in  design,  modelling,  and  painting  ; 
many  also  indicate  a  genius  and  originality  by  no  means  common. 
Some  of  the  works  in  white  bisque,  enriched  with  gold,  are  really 
very  beautiful ;  but  there  are  several  in  coloured  bisque  which  are 
not  elegant,  and  which  look  more  like  second  class  French  work 
than  royal  Berlin.  We  are  thus  free  in  our  criticism  because  we 
desire  to  see  the  highest  standard  attained  in  a  royal  establishment. 
We  know  what  can  be  done,  and  we  know  the  force  of  example. 
A  royal  manufactory  has  a  great  duty  to  perform,  and  its  example 
will  rule  the  taste  of  great  numbers  of  the  people.  It  is  therefore 
incumbent  on  the  directors  of  such  an  establishment  to  see  that  no 
mistakes  are  made  in  taste — that  no  false  principles  are  inculcated, 
as,  unhappily,  in  art  as  well  as  in  morals,  the  false  and  bad  are  more 
readily  laid  hold  of  by  all  classes  of  the  community,  than  the  true 
and  good. 

A  pair  of  large  crater-shaped  vases  are  good  examples  of  the 
German  school  of  porcelain  painting.  The  designs  are  happy,  and 
the  treatment  altogether  very  good.  A  pair  of  vases  in  a  greenish 
material,  decorated  with  water  nymphs  in  a  novel  style  of  treatment, 
are  also  good.  Some  of  the  dejeuner  sets  and  fancy  articles  on  this 
stand  are  admirable;  and  the  plaques  or  slabs,  with  subjects  in 
monochrome,  are  painted  in  a  very  masterly  style.  We  may  remark 
of  the  Berlin  bisque,  which  has  always  been  much  admired,  that  it 
has,  in  common  with  all  the  bisque  of  the  Continent,  the  property 
of  becoming  sharper  in  its  embossments,  and  more  marked  in 
its  lines,  in  proportion  to  the  heat  of  fire  to  which  it  has  been  sub¬ 
jected — the  harder,  the  more  distinct.  It  is  just  the  reverse  with 
English  parian,  which,  beyond  a  certain  fire,  will  swell  and  blister. 
The  light,  reflected  by  the  cold  white  of  the  bisque,  penetrates  and 
softens  the  tone  of  the  parian.  It  is  this  feature  which  makes  the 
latter  more  pleasing  to  the  eye  than  the  Continental  statuary 
porcelain. 

DRESDEN. — One  cannot  help  uttering  an  exclamation  of  regret  on 
looking  over  the  porcelain  from  the  once  far-famed  works  of  Dresden. 
It  is  difficult  to  believe  that  the  names  of  Bottcher,  of  Augustus,  the 
porcelain  king,  and  of  Marcolini  should  have  been  connected  with 
the  works  here  represented.  We  look  upon  the  display  with  great 
regret  and  disappointment,  and  were  it  not  that  it  comes  from  Dresden 
we  should  pass  it  in  silence.  We  see  here  very  few  new  models, 
but  we  find  a  great  number  of  articles  apparently  made  out  of  the 
moulds  which  once  were  celebrated,  yet  how  different  the  feeling 
with  which  they  are  now  produced.  At  the  Exhibition  of  1851 


Meissen  was  reminded  of  former  glories,  and  reproached  for  her 
shortcomings:  what  are  we  to  say  now  when  the  display  is  far 
behind  that  epoch,  and  when  “  Progress  ”  has  been  the  watchword 
amongst  the  potters?  The  design  of  the  chimney-piece  and  looking- 
glass  is  good,  and  true  to  its  style,  but  it  is  not  an  advance.  In 
services  there  is  no  improvement ;  the  styles  are  those  we  recog¬ 
nize  as  Dresden,  but  they  do  not  equal  those  produced  sixty  years 
ago.  It  cannot  be  for  want  of  encouragement,  for  we  believe  a 
large  trade  is  done  in  these  articles.  In  this  country  royal  patronage 
is  not  required  to  aid  in  the  production  of  good  work,  although  it  is 
sometimes  awarded  as  a  premium  to  excellence.  We  therefore 
cannot  admit  that  want  of  State  support  can  be  the  cause  of  such 
decadence;  we  can  only  attribute  it  to  the  lack  of  energy  and  judg¬ 
ment.  Two  vases  in  this  court  are  beautifully  painted,  and  show 
what  can  be  done.  There  appears  to  be  no  lack  of  manipulative 
talent,  but  there  is  a  decided  want  of  judgment  in  the  use  of  it.  Some 
pieces  of  terra  cotta  exhibited  in  this  court  display  much  taste  both 
in  design  and  modelling,  and  are  remarkable  for  excellence  of 
manufacture. 

VIENNA. — For  general  variety  and  excellence  this  display  will 
rank  next  to  Berlin.  We  find  here  some  admirable  painting  and  rich 
gilding  ;  some  good  forms  and  excellent  modelling ;  a  capital  statuary 
body,  and  a  very  good  porcelain.  Some  of  the  groups  in  bisque  are 
very  good,  and  remarkably  low  in  price.  A  group  with  basket  for 
dessert  is  very  elegant.  The  finest  specimens  of  painting  and  gilding 
in  this  department  have  been  secured  by  Messrs.  Phillips,  and 
although  we  admire  both  the  painting  and  the  gilding,  we  do  not 
think  the  latter  comes  up  to  that  of  the  old  work.  There  was  a 
decision  and  a  freshness  amounting  to  hardness  in  the  old  works, 
which  was  very  remarkable  and  very  beautiful. 

In  the  same  court  is  a  large  display  of  porcelain  from  Messrs. 
Fischer,  Hungary.  The  works  here  exhibit  plenty  of  labour  and 
plenty  of  risk,  for  some  of  them  are  unusually  large-mere  monsters 
of  porcelain.  Although  the  generality  of  the  works  in  this  depart¬ 
ment  are  heavy,  there  is  some  good  potting,  but  the  state  is  con¬ 
siderably  behind  the  time. 

DENMARK. — The  Royal  Porcelain  Manufactory  of  Copenhagen  is 
rich  in  Thorwalsden  models,  and  the  body  of  which  they  are  com¬ 
posed,  a  fine  hard  bisque,  is  similar  to  that  used  all  over  the  Con¬ 
tinent.  In  this  portion  of  the  display  we  find  all  the  beauty  and 
artistic  feeling  which  the  name  of  Thorwalsden  would  lead  us  to 
expect ;  we  regret  to  find  that  a  similar  character  is  wanting  in 
most  of  the  decorated  works  :  they  approach  more  to  the  style  of  old 
Dresden  than  any  other,  but  there  is  little  if  any  advance  since  1851. 
This  is  a  royal  manufactory  supported  by  the  State,  and  should  take 
a  high  stand  in  matters  of  taste  for  the  education  of  the  people.  The 
workmanship  in  most  of  the  wares  is  good  ;  it  is  the  taste  we  depre¬ 
cate.  We  have  good  proof  that  artistic  feeling  is  not  deficient 
in  Denmark,  but  it  certainly  has  not  yet  done  much  for  decorated 
porcelain. 

RUSSIA. — The  Imperial  Manufactory  of  St.  Petersburg  comes 
before  us  in  true  Russian  style,  and  we  must  add,  in  true  imperial 
style  also.  The  specimens  are  few,  but  they  are  very  fine,  both  in 
the  grandeur  of  the  design  and  their  artistic  finish.  Cost  has  evi¬ 
dently  not  been  consulted  in  the  production  of  these  works.  The 
difficulty  of  procuring  perfect  vases  of  so  large  a  size  must  have  been 
immense,  we  know  many  must  have  been  destroyed  and  thrown 
aside,  before  one  could  be  found  fit  for  the  painter.  The  paintings 
on  these  vases  are  very  beautiful,  although  only  portraits  of  Locke 
and  Newton,  the  work  is  of  the  highest  artistic  character.  It  is  said 
that  these  vases  have  been  presented  to  the  Royal  Society  by  his 
Majesty  the  Czar.  Another  vase  of  large  size  and  more  elaborate 
painting  has  been  added  since  the  opening,  and  this  also  is  worthy 
of  all  the  praise  we  can  give  it.  Some  very  splendid  services  for 
dejeuner  are  good  examples  of  an  imperial  style  —  perhaps  wc 
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should  say  Russian  imperial  style — for  all  the  works  exhibited, 
although  very  much  fewer  and  simpler  than  in  1851,  have  a 
character  which  is  to  be  found  in  none  other,  whether  from  empire, 
monarchy,  or  republic.  They  are  decidedly  and  exclusively  Rus¬ 
sian.  Having  thus  bestowed  the  highest  praise  possible  on  these 
works,  we  must  be  allowed  to  say  a  word  on  what  we  have  not  found 
here.  We  have  not  found  any  medium,  nothing  between  palatial 
splendour  and  peasant  poverty.  The  commonest  French  styles  and 
patterns  in  all  their  gaudiness,  are  here  reproduced  for  the  use  of  the 
middle  classes.  Russia  has  commenced  a  series  of  reforms;  we  hope 
to  find  education  in  matters  of  taste  take  its  place  amongst  others, 
not  more  important,  but  equally  wanted  for  the  benefit  of  the  people. 

SPAIN. — There  are  some  names  which  appeal  at  once  to  our 
knowledge  of  history  and  tradition  :  perhaps  the  greater  the  change 
in  circumstances  between  the  past  and  the  present,  the  more  direct 
the  claim  upon  our  attention.  Such  is  the  case  with  Spain.  It  is 
difficult  to  name  this  country  without  calling  to  mind  some  of  its 
former  glories,  and  in  such  an  exhibition  as  the  present,  comparing 
them  with  the  works  before  us.  Pottery  being  specially  the  subject 
of  our  review,  we  cannot  forget  the  azulejos  of  the  Alhambra,  the 
Hispano-majolica,  or  the  Buen  Retiro  porcelain  of  Charles  III. 
There  are  no  such  works  here.  We  have  nothing  but  a  common¬ 
place  exhibition  of  the  ordinary  varieties  of  porcelain.  There  is 
certainly  no  royal  manufactory  now'  at  Madrid,  but  we  know  the 
Spanish  people  are  not  deficient  in  taste,  and  they  ought  to  have 
made  a  better  display.  Let  us  hope  that  the  influence  of  this  Exhi¬ 
bition  will  not  be  lost  to  them.  As  we  review  the  works  of  the 
different  nations  of  Europe,  we  become  the  more  impressed  with  the 
truth  of  the  assertion  made  at  starting,  “  Not  only  does  the  pottery 
of  a  country  convey  to  our  minds  the  manners  and  customs  of  its 
people,  but  it  invariably  indicates  its  advance  or  decline  in  civili¬ 
zation.” 

ITALY. — Considering  the  transition  state  of  this  country,  we  are 
not  disposed  to  criticize  its  manufactures  very  severely.  The  display 
made  by  the  Marquis  Ginori,  the  enterprising  proprietor  of  the 
Doccia  manufactory,  consists  of  clever  reproductions  of  majolica  and 
Capo  di  Monti.  Some  of  the  works  are  so  excellent,  that  we  much 
regret  the  talent  employed  was  not  engaged  in  the  introduction  of 
some  original  designs. 

The  Italian  is  surrounded  with  every  element  which  might  con¬ 
duce  to  the  cultivation  of  a  poetic  mind  and  a  prolific  imagination 
— a  romantic  history,  written  not  in  books,  but  in  the  country  around 
him,  cloyed,  as  it  were,  with  the  treasures  of  antiquity,  and  revel¬ 
ling  in  the  possession  of  the  finest  works  of  the  renaissance  period. 
Add  to  these  the  most  delightful  climate  in  the  world,  and  it 
certainly  would  seem  strange  if  there  were  no  produce  from  such 
a  soil. 

JAPAN. — The  specimens  of  porcelain  exhibited  by  this  country 
are  really  wonderful,  both  for  the  perfection  of  manufacture  and  the 
quality  of  the  fabric.  We  may  account  for  this  state  of  perfection 
by  the  great  seclusion  in  which  this  nation  has  fostered  its  native 
arts  and  manufactures.  It  must  be  evident  to  the  most  superficial 
observer,  that  excellence  has  been  studied  in  every  example  before 
him.  The  question  almost  naturally  arises  to  our  minds,  will  such 
be  the  case  twenty  or  thirty  years  hence  ?  We  fear  not.  Experi¬ 
ence  and  observation  have  shown  us  that  British  enterprise,  how¬ 
ever  much  it  may  enrich  our  country,  does  not  tend  to  foster  or 
improve  the  manufacture  which  becomes  the  object  of  speculation. 
It  invariably  requires  quantity  rather  than  quality,  something  that 
will  seem,  rather  than  that  which  is. 

Manufactures  being  the  life-blood  of  a  nation’s  prosperity,  the 
desire  of  the  political  economist  would  be  to  find  such  as  should  be 
both  commercially  and  morally  valuable.  The  commercial  value 
would  depend  upon  the  extent  of  native  resources  in  material,  labour, 
and  market ;  the  moral  value  upon  the  character  of  labour  employed, 


and  the  claims  upon  the  intellectual  resources  of  the  community, 
both  in  demand  and  supply. 

There  is  no  known  manufacture  which  combines  all  these  require¬ 
ments  in  so  eminent  a  degree  as  British  pottery  and  porcelain.  The 
materials  are  all  native,  and  most  abundant  in  their  supply ;  the 
labour  is  at  all  times  equal  to  the  demand,  and  of  the  most  satis¬ 
factory  character,  there  being  perhaps  no  trade  in  which  the  work¬ 
people  are  on  such  general  good  terms  with  their  employers  as  in 
this  branch  of  manufacture. 

The  demand  created  by  the  dense  population  of  the  British  isles 
is  immense.  Not  only  is  every  variety  of  the  manufacture  in  daily 
use,  from  the  earthenware  of  the  poor  to  the  egg-shell  porcelain  of 
the  rich ;  but  the  material  is  a  fragile  one,  and  requires  constant 
renewal.  Add  to  this  the  increasing  supply  required  by  our  colonies 
and  America,  and  we  may  at  once  perceive  that  a  market  is  not 
wanting  to  promote  its  success. 

Some  idea  of  the  importance  of  this  branch  of  manufacture  may 
be  obtained  from  the  following  statement : — 


The  exports  of  pottery  and  porcelain  in  1850  amounted  to  £1,122,000 
“  “  “  I860  “  1,450,644 

“  “  “  1861*  “  1,070,659 

In  I860  the  amount  was  distributed  as  follows  : — 


Russia,  . 

Norway,  . 

.  £25,679 

.  14,784 

Denmark, 

.  14,126 

Hanse  Towns,  . 

.  46,942 

Holland, 

.  20,986 

France,  . 

.  7,377 

Portugal, 

9,471 

Spain, 

.  6,369 

Italy, 

.  18,767 

Turkey,  . 

.  19,322 

Egypt,  . 

.  8,090 

Java, 

.  22,900 

Cuba, 

.  37,591 

St.  Thomas, 

.  9,113 

Hayti,  . 

.  £10,215 

United  States, 

.  654,283 

W est  Coast  of  Africa, 

.  23,912 

Brazil,  . 

.  59,662 

Uruguay, 

.  10,864 

Buenos  Ayres, 

.  14,830 

Chili,  . 

8,853 

Peru, 

.  24,829 

South  Africa,  .  • 

.  19,096 

British  East  Indies,  . 

.  72,245 

Australia, 

.  77,411 

British  North  America, 

.  84,573 

“  West  Indies, 

.  35,781 

All  other  countries,  . 

.  93,546 

4-SEWERAGE,  DEODORIZATION,  DISINFECTANTS, 
AND  SANITARY  CONTRIVANCES. 

By  Dr.  R.  Angus  Smith,  F.R.S. 

the  minds  of  so  many  persons  are  occupied 
with  the  means  of  preserving  personal 
and  public  health,  we  might  expect  to 
find  in  this  section  numerous  inventions 
illustrative  and  representative  of  the 
fervent  study  of  an  active  and  ingenious 
age.  Yet  the  inventions  belonging  to 
this  section  are  few,  and  these  not  all 
strictly  included  under  the  term  sanitary. 
But  surely  the  subject  is  large,  and  pre¬ 
sents  problems  as  old  as  the  period  when 
malarious  ground  was  purified  by  nations 
living  in  fabulous  times  ;  problems  solved  by  the  ancients  in  some 
cases  by  a  refinement  of  cleanliness,  which  leaves  us  ever  admiring 
the  accuracy  of  observation  which  such  refinement  showed,  the  deep 
conscientiousness  which  prompted  it,  and  the  faith  and  hope  which 
gave  it  for  ages  a  willing  domination. 

It  is  probable  that  antiquity  found  persons  equal  to  any  now  living 
in  their  knowledge  of  injurious  air,  and  perhaps  even  in  the  mode 


*  The  falling-off  in  this  year  is  owing  entirely  to  the  disturbed  state  of  America. 
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of  curing  diseased  atmospheres,  although  the  minute  details,  the 
scientific  relations  of  the  subject,  could  not  be  investigated.  We 
have  in  traditions  concerning  these  things  a  proof  of  the  great  power 
of  the  senses,  which  have  received  from  scientific  instruments  in 
many  cases  only  an  evidence  of  their  own  accuracy. 

Sanitary  economy  has  generally  dealt  primarily  with  the  state  of 
the  air ;  the  attention  to  the  person  seems  to  be  a  matter  of  course. 
If  we  live  without  cleanliness,  the  cure  is  to  wash  ;  if  we  live  in 
confined  rooms,  we  must  ventilate ;  if  we  live  in  close  towns,  we 
must  open  them  up  ;  if  we  live  on  marshy  or  very  damp  ground, 
we  must  drain.  Acknowledging  that  there  are  numerous  and  mys¬ 
terious  influences  at  work  affecting  health,  and  not  under  our  control, 
these  means  are  still  some  of  the  main  objects  of  sanitary  economy. 

All  these  means  the  ancients  have  used  ;  we  are  increasing  the 
facility  of  doing  so,  making  the  practice  easy  or  the  principles  clearer. 
To  their  mechanical  methods  of  purifying  air  we  have  added  little, 
probably  we  have  made  the  processes  more  extensively  known  than 
ever,  and  perhaps  made  the  means  more  accessible ;  we  have 
extended  the  knowledge  by  its  mechanical  diffusion,  we  have  not 
greatly,  if  at  all,  expanded  the  thought.  To  the  chemical  substances 
used  for  purification,  the  class  of  antiseptics  and  disinfectants,  we 
have  added  very  few.  We  have  acids  probably  unknown  to  them, 
each  acting  as  a  disinfectant ;  but  if  the  individual  acid  be  new,  the 
class  is  not  so.  We  can  produce  chlorine  as  an  absolutely  new  dis¬ 
infectant,  and  we  have  oxidized  substances,  such  as  permanganates, 
which  are  also  to  be  treated  as  new.  It  is  true  also  that  we  have 
the  carbolates  and  carbolic  acid  in  a  manufactured  state,  although 
in  the  form  of  the  distillates  of  wood  they  have  long  been  known  ; 
and  we  have  also  the  metallic  salts,  such  as  chloride  of  zinc,  and 
other  chlorides. 

The  great  principles — the  necessity  of  pure  air  and  general  clean¬ 
liness — have  been  laid  down  for  us  before  as  nations  we  entered 
into  the  world,  but  we  paid  no  attention  to  them  until  we  were 
compelled. 

With  new  conditions  come  new  evils,  and  these  demand  new 
cures.  When  the  cities  of  Great  Britain  became  so  great  that  the 
evils  of  crowding  were  beyond  endurance,  then  the  legislature  taxed 
the  richer  classes  as  much  as  they  could  without  complaint  bear,  to 
diminish  in  number  the  caverns  of  disease.  When  the  streets 
lengthened,  and  the  distances  to  which  the  ashes  were  to  be  removed 
was  so  great  that  the  expense  of  carriage  nearly  equalled  their 
value,  then  new  modes  of  removing  a  portion  of  the  refuse  by  water 
became  common,  and  water-closets  resulted.  In  a  similar  way  every 
change  of  one  habit  does  in  some  way  render  needful  a  change  in 
others,  and  our  modes  of  sanitary  purification  must  be  modified  with 
our  varying  modes  of  living.  For  this  reason  the  sanitary  engineer 
or  chemist  will  always  be  a  man  of  importance  in  a  growing  com¬ 
munity,  and  he  will  find  work  equal  to  and  beyond  his  powers. 
Sometimes  he  has  new  evils  to  deal  with,  but  in  general  he  is  safe 
by  keeping  in  view  the  same  old  principles.  When,  for  example, 
gas  was  introduced,  and  a  new  mode  of  rendering  the  air  impure  was 
resorted  to,  he  was  called  on  for  a  mode  of  displacing  the  sulphurous 
air  by  pure  air,  either  by  ventilation  or  by  an  improvement  in  the 
gas.  When  we  live  in  cottages  made  with  loose  stones,  and  venti¬ 
lated  by  spaces  between  each,  we  find  it  an  improvement  to  use 
mortar  and  to  save  fire ;  but  the  health  suffers  by  confinement  unless 
new  means  are  taken  for  the  escape  of  noxious  air,  and  the  sanitary 
engineer  is  immediately  demanded.  When  we  live  in  filthy  huts  on 
a  hill-side,  rambling  over  the  mountains  during  the  day,  and  only 
returning  to  rest,  we  may  enjoy  health ;  but  when  the  pasturage 
from  our  sheep  is  taken  from  us,  and  our  only  work  is  to  make 
baskets  at  home,  the  filthy  hut  has  an  influence  which  cannot  be 
endured ;  we  sink  under  it  if  we  do  not  seek  sanitary  improvements. 

In  the  later  as  well  as  in  these  earlier  stages  of  society,  constant 
attention  is  necessary  that  with  a  slight  change  of  habit  we  produce 


no  evil  result.  This  is  true  of  individuals,  and  certainly  of  a  rapidly- 
advancing  community  like  England,  where  every  new  manufacture 
requires  a  new  precaution,  and  every  new  improvement  renders 
needful  a  modification  of  the  precaution.  When  the  capacity  of 
adaptation  ceases,  our  civilization  must  recede. 

The  subject  is  unquestionably  great,  but  it  comes  to  our  age  rather 
as  a  novelty.  The  great  array  of  sanitary  facts,  of  principles  and 
enactments  to  be  found  over  the  world,  have  for  the  first  time  laid 
hold  of  the  mind  of  the  nation  as  a  special  study,  with  a  special 
name,  under  the  guidance  of  Edwin  Chadwick.  Manufacturers  have 
begun  to  supply  demands,  and  the  public  has  begun  to  demand  sup¬ 
plies.  Students  of  the  phenomena  of  nature  are  found,  and  minute 
information  gained,  but  the  same  old  principle  remains,  and  we  seem 
to  be  confined  to  ingenious  modes  of  overcoming  the  difficulties 
arising  from  the  price  of  material  and  the  trouble  of  working,  along 
with  occasional  variations  in  shape  or  size. 

The  Government  at  one  time  did  much  by  means  of  the  Board  of 
Health,  which  for  a  time  was  a  thinking,  active,  scientific,  and  prac¬ 
tical  agent ;  but  the  hand  which  made  it  a  power  in  the  state  was 
removed,  and  the  department  rendered  deficient  in  scientific  workers, 
like  other  departments  of  Government — private  men  being  left  to 
perfect,  as  well  as  to  originate,  ideas  which  the  public  may  tardily 
adopt. 

Of  course  we  do  not  expect  all  new  ideas  to  become  apparent  in 
an  exhibition.  Some  only  can  be  represented  in  visible  forms. 
Chemical  action,  for  example,  is  in  reality  always  invisible.  We 
cannot  observe  all  the  really  efficient  movements ;  we  see  the  results. 
Mechanical  contrivances  are  very  different;  every  part  may  be 
handled,  and  their  movements  are  distinctly  visible.  For  this  reason 
partly  we  have  in  the  Exhibition  chiefly  such  ideas  as  can  take  a 
shape  in  clay  or  iron.  The  great  want  of  purely  sanitary  contrivances 
has  induced  the  commissioners  to  send  to  Section  B  many  that  have 
only  a  distant  relationship,  such  as  modes  of  making  gas,  distribut¬ 
ing  valves,  and  artesian  wells.  These  things  come  under  special 
branches  of  engineering,  and  a  sanitary  engineer  need  not  be  ashamed 
if  he  must  occasionally  plead  ignorance. 

We  have  nothing  shown  us  by  builders  or  drainers,  except  drain 
pipes  and  bricks ;  we  have  no  systems  or  large  ideas  ;  we  have  only 
facts,  and  to  these  we  must  mainly  be  confined  in  this  record  of  the 
Exhibition. 

Although  a  very  wide  subject,  it  is  no  doubt  true  of  sanitary 
economy,  that  it  treats  very  much  of  soil  pans  and  night  soil,  and  it 
is  true  that  this  latter  is  the  main  substance  to  be  removed  from 
around  us,  and  its  management  in  such  large  towns  as  we  have 
built  is  not  perfectly  solved.  Let  us  get  over  this  part  first.  It  is 
curious  to  find  so  many  water-closets,  chiefly  from  abroad.  Many 
of  these  are  merely  night-stools,  having  no  supply  of  water  from  a 
cistern,  but  only  from  a  side  of  the  vessel,  and  no  means  of  under¬ 
ground  removal.  All  such  contrivances  are  unfitted  for  this 
country,  although  they  may  possibly  fit  places  which  suffer  from  a 
scarcity  of  water,  or  climates  compelling  much  in-door  life,  and 
having  a  very  low  temperature.  Several  come  from  Sweden  and 
Norway.  Such  devices  are  far  behind  the  requirements  of  this 
country,  and  every  invention  for  retaining  filth  in  our  houses  is  to 
be  reprobated. 

There  is  a  new  valve  for  a  closet  sent  by  Mr.  Underhay ;  it  is 
a  bellows  which  tills  with  air  on  lifting  the  handle  of  the  closet, 
and  which  slowly  has  the  air  pressed  out  as  the  handle  weighs 
downwards,  allowing  all  the  time  a  flow  of  water.  There  can 
be  no  doubt  of  the  ingenuity  and  efficiency  of  this  invention,  but 
for  universal  use  we  require  something  cheaper  and  more  enduring 
than  anything  presented.  Mr.  Chantrell’s  mode  of  supplying  the 
water  promises  to  be  very  simple ;  it  allows  of  no  mechanism 
near  the  pan,  so  far  as  the  description  and  drawings  go,  but  only 
of  a  flow  of  water  from  the  cistern.  This  amount  is  measured  by 
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a  smaller  vessel  forming  the  lower  portion  of  the  cistern.  When 
the  stopper  which  closes  the  outlet  pipe  is  lifted  to  let  off  water 
from  the  box  which  contains  the  exact  amount  alluded  to,  it  is 
raised  high  enough  to  close  the  entrance  of  water  from  the  cistern. 
The  small  vessel  is  therefore  emptied,  and  is  not  filled  again  until  the 
stopper  falls,  closing  the  outer  pipe  and  opening  the  entrance  into 
the  cistern,  which  now  fills  the  measure  for  another  occasion. 

Mr.  P.  H.  Holland  proposed  some  time  ago  to  make  all  the  sup¬ 
ply  for  a  house  pass  through  a  small  tube,  equal  in  bore  to  a  tobacco 
pipe.  By  allowing  this  to  run  constantly  he  believed  that  sufficient 
would  be  supplied  to  a  house.  The  flow  was  intended  to  be  constant 
until  the  cistern  into  which  it  ran  was  filled,  when  it  stopped.  This 
cistern  might,  he  believed,  be  very  small,  as  a  small  amount  only  is 
wanted  at  one  time.  Every  room  requiring  water,  might  have  such 
a  cistern.  This  plan  economizes  water,  labour,  cisterns,  pipes,  and 
materials  generally,  and  will  probably  be  of  great  advantage  where 
there  is  a  scanty  supply  to  a  town.  Great  economy  is  certainly  a 
virtue  when  there  is  want  or  scarcity,  but  it  certainly  is  a  great 
blessing  to  have  enough  even  for  some  wholesome  profusion. 

There  is  a  mode  shown  by  Burton,  Sons,  &  Waller,  of  treating 
sewage  with  charcoal,  not  very  clearly  explained;  but  in  sewage  there 
is  really  nothing  that  can  be  called  new  or  striking.  If  the  supply 
of  water  were  limited  to  one-third  of  that  which  is  now  used  we 
might  have  the  sewage  question  settled,  as  the  liquid  would  be 
strong  enough  for  manure  ;  but  we  should  certainly  suffer  by  scan¬ 
tiness  of  supply.  To  be  sparing  is  not  a  virtue  of  the  wealthy,  and 
the  country  is  rich  in  water.  If  the  drainage  of  water  closets  were 
separated  from  the  general  drainage  we  should  have  a  valuable 
manure  without  a  doubt,  and  it  is  extremely  probable  that  something 
like  this  is  to  be  the  final  attainment  of  many  places.  At  the  same 
time,  there  are  places  where  the  present  sewage  produces  remune¬ 
rative  crops,  such  as  in  the  hands  of  Mr.  M‘Dougall  at  Carlisle,  where 
carbolic  acid  and  carbolates  are  used — substances  so  long  recom¬ 
mended  by  him  and  the  author,  but  neglected  by  the  public.  None 
of  these  plans  for  sewage  are  represented  in  the  Exhibition,  neither 
is  that  of  Dr.  Joule,  who  proposed  great  tanks,  one  for  each  block 
of  houses — an  enlargement  of  the  Parisian  idea — nor  that  of  Mr. 
Glassford,  who  may  be  said  to  have  extended  the  same  idea  much 
farther  by  making  reservoirs  for  districts,  and  drawing  the  sluggish 
drainage  into  them  by  pumps. 

Mr.  G.  Smith  of  Glasgow,  exhibits  a  dry  closet,  such  as  Dr.  Lloyd 
of  Anglesea  has  made  public,  and  as  Messrs.  Muir  &  Carrick  have 
endeavoured  to  advance.  These  all  seem  anxious  to  retain  the 
method  of  bringing  out  the  filth  of  houses  by  manual  labour  instead 
of  allowing  it  to  run  off  by  underground  passages,  never  to  be  seen 
by  the  eye  until  it  rises  up  in  the  purest  and  most  useful  forms  in 
our  fields.  No  method  of  removal  by  carts  has  been  found  other¬ 
wise  than  disgusting.  At  the  same  time  it  is  in  many  places  simply 
a  necessity,  and  Dr.  Lloyd  renders  it  as  little  offensive  as  possible. 
The  use  of  sawdust,  as  Messrs.  G.  Smith  &  Co.  propose,  or  of  ashes  or 
any  other  solid  matter  poured  from  the  lid,  as  Dr.  Lloyd  proposed,  may 
be  made  to  answer  with  care,  but  does  not  promise  simplicity  and 
permanence  of  construction.  It  is,  however,  manifest  that  a  reor¬ 
ganization  of  this  old-fashioned  method  of  removal  by  carts  is 
demanded  loudly  where  water  cannot  be  used,  and  there  is  room  for 
great  success  to  its  promoters.  Generally  in  schemes  of  sewage, 
mechanical  is  preferred  to  chemical  action.  Is  it  from  our  love  of 
expenditure  or  our  love  of  great  appearances,  which  are  not  found 
where  there  is  the  quiet  and  silent  action  of  chemical  agents  ? 

FILTERS. — Mr.  Spencer  sends  quite  a  new  filter.  It  is  of  artificial 
magnetic  oxide  of  iron,  and  it  renders  even  peaty  water  instantly  clear. 
It  is  said  also  to  be  perennial,  because  it  appropriates  the  oxygen  of 
the  air  only  and  docs  not  expend  its  own,  compelling  the  oxygen  to 
combine  with  the  organic  matter  in  the  water.  This  certainly 
gathers  probability,  from  an  experiment  described  as  having  been  in 


progress  for  three  years  at  Southport.  Experiments  will  remove  all 
doubt  of  the  efficiency  of  this  new  filter,  which  seems  never  to  fail. 
Many  peaty  districts  have  been  rejected  by  towns  seeking  a  supply 
of  water ;  now  that  supply  will  be  available  by  using  Spencer’s 
filter.  But  it  is  probably  a  waste  of  time  to  speak  well  of  it,  as 
its  power  is  manifest,  and  there  are  no  engineering  difficulties  to 
surmount.  It  will  be  a  pity  if  the  love  of  engineering  difficulties 
should  prevent  its  use. 

Dr.  Burg  of  Paris,  sends  a  stone  filter.  To  filter  through  stone  is 
not  a  novelty,  and  the  stone  being  calcareous,  may  be  an  objection. 
But  the  form  is  new.  It  is  a  hollow  cylinder ;  and  those  cylinders 
intended  for  towns  have  nine  square  metres  of  surface  within.  The 
frame  is  of  iron,  with  places  for  the  small  filtering  stones,  which  are 
inserted  as  panes  of  glass  are.  They  are  about  four  inches  square 
and  a  sixth  of  an  inch  thick.  One  description  in  a  French  journal 
says  ten  millimetres.  The  inside  of  the  cylinder  is  filled  with  water, 
and  the  filtering  is  outwards.  Streams  flow  from  the  small  square 
stones  on  every  side  and  fall  through  the  air  for  thorough  aeration. 
When  one- third  of  the  water  is  filtered,  Dr.  Burg  takes  the  remainder 
for  purposes  where  less  pure  water  is  demanded.  This  necessitates 
two  water  supplies.  The  filters  cost  £20  each,  and  filter  11,000 
gallons  per  day — a  supply  intended  for  1000  persons.  The  force  of 
the  water  flowing  into  the  cylinder,  removes  the  impurities  that  may 
collect  on  the  surface.  For  domestic  use  the  cylinder  is  dipped  into 
water,  and  the  filtering  is  inwards. 

Messrs.  Eggspueler  of  Vienna,  send  for  a  filter  a  vegetable  fibre  or 
hair,  somewhat  like  cotton.  This  can  and  does  separate  only  float¬ 
ing  matter. 

Atkins  &  Sons  make  carbon-moulded  filters.  Carbon  to  be 
moulded,  must  have  pitch  or  some  carbonaceous  substance  melted 
with  it,  which  injures  the  filtering  power ;  but  the  shapes  are  capable 
of  variation,  and  of  these  may  be  mentioned  the  cylinder  and  tube. 
By  sucking  the  tube  the  water  enters  the  charcoal  cylinder,  and  a 
clear  draught  is  procured  from  a  muddy  stream.  It  may  also  be 
used  in  an  inverted  manner,  that  is,  by  driving  the  water  first  into 
the  cylinder,  and  then  allowing  it  to  filter  outwards. 

M.  Nadault  de  Buffon  exhibits  a  similar  cylinder,  much  larger, 
of  iron,  and  filled  with  cotton  wool.  In  this  case  the  cylinder  is 
perforated.  It  is  judged  a  convenient  form  of  obtaining  water  freed 
from  mud  in  hasty  encampments.  Such  substances  as  wool,  make 
only  a  strainer,  not  a  filter ;  but  other  substances  might  of  course  be 
added  in  the  cylinder. 

M.  Danchell,  and  the  Silicated  Carbon  Company,  send  very  agree¬ 
able  forms  of  filters,  and  this  part  of  the  subject  is  not  neglected  by 
the  others,  who  exhibit  the  finpst  porcelain  and  Wcdgcwood  ware  in 
modern  and  antique  forms. 

VENTILATION. — There  is  really  nothing  wonderful  shown  in 
ventilation.  There  ought  to  be  no  difficulty  in  ventilating  a  house 
with  a  heated  chimney  in  every  room,  or  even  in  one  room ;  but 
people  look  for  some  remarkable  invention  which  is  to  ventilate  a 
room,  without  even  sufficient  inlets,  instead  of  looking  simply  for  a 
supply  of  air.  Besides  these  high  columns — the  chimneys — there 
is  in  every  lofty  house  a  column  ready  formed  in  the  staircase,  which 
might  either  be  made  a  shaft  for  spent  air  or  an  ingress  for  pure 
air  ;  but  it  is  often  shut  up  and  all  motion  in  it  left  to  chance.  If 
impure  air  rises  up  a  staircase,  the  upper  part  becomes  most  oppres¬ 
sive,  and  is  only  relieved  by  passing  into  the  bedrooms,  filling  them 
most  when  the  family  lies  down.  In  country  places  people  open 
their  doors  and  windows  abundantly,  and  the  house  is  made  fresh. 
This  cannot  be  safely  done  in  London,  and  houses,  if  not  very  large, 
smell  musty,  while  the  bedrooms  smell  of  human  exudations.  This 
is  especially  so  in  inns;  no  inn  which  the  writer  has  found  in  London, 
except  in  two  or  three  instances  where  the  house  or  the  furniture  was 
perfectly  new,  gave  a  bed-room  perfectly  fresh.  Coming  to  the  great 
capital,  as  a  rule  you  cannot  get  a  bed  to  vest  on  without  nausea. 
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and  endurance  takes  the  place  of  comfort.  Dr.  Arnott  has  long  ago 
exposed  the  state  of  our  sitting-rooms,  and  he  is  unquestionably  right. 
The  numerous  ventilating  valves  which  bear  his  name  are  a  tribute 
to  his  accuracy. 

Messrs.  Doulton  &  Company  have  separated  the  domestic  chim¬ 
ney  into  two  parts  by  a  zinc  partition— one  side  allows  the  smoke 
to  rise,  another  opens  into  the  room,  and  being  warmed  by  the 
chimney,  the  heated  air  of  the  room  rises.  This  will  prevent  a 
reflux  of  smoke  without  the  clicking  of  Arnott’s  valve,  which  some 
complain  of;  but  this  valve  is  the  origin  of  all  these  improve¬ 
ments. 

Several  exhibitors  supply  the  fire  with  air  from  behind  the  grate ; 
this  prevents  a  draught  along  the  carpet  or  floor.  Mr.  Woodcock 
sends  some  of  the  heated  air  which  has  passed  in  from  behind  the 
grate  into  the  room  from  a  space  over  the  grate.  F.  Edwards  & 
Son  pass  it  into  the  room  from  under  the  fender. 

Moore’s  glass  louvre  ventilator  has  been  much  used,  and  has 
received  honourable  mention.  It  is  an  elegant  substitute  for  a 
broken  pane,  and  there  are  times  of  the  year  when  it  is  sufficient. 
It  cannot  prevent  direct  draughts.  But  in  winter  we  need  warmth, 
and  people  will  not  bear  to  be  directly  blown  upon.  The  rule 
everywhere  is,  that  people  will  rather  be  slowly  injured  by  bad  air, 
than  subjected  to  cold  draughts  which  may  induce  sudden  and  violent 
illness.  All  ventilators  must  remember  this. 

M'Kinnel  exhibits  his  concentric  tubes,  used  a  good  deal  for  holds 
of  ships.  This  certainly  does  not  promise  a  double  current  of  air 
so  well  as  Mr.  Watson’s  method.  Mr.  Watson  of  Leeds  uses  a  tube 
with  a  diaphragm  or  two  parallel  tubes.  With  concentric  tubes  the 
current  of  the  inner  tube  must  cross  the  current  of  the  outer,  and 
prevent  the  continuity  of  the  stream.  It  is  extremely  probable 
that  they  act  as  one  tube  frequently,  but  even  then  they  are  valuable 
in  a  place  where  any  opening  must  do  good.  Mr.  Muir  divides  his 
square  tube  twice  diagonally,  and  has  in  this  way  four  tubes ;  the 
wind  blows  down  the  nearest,  and  in  almost  all  cases  establishes  a 
current.  Cooke’s  apparatus  is  wire  gauze,  which  fills  the  space  of  the 
window  when  that  is  let  down.  It  folds,  and  the  upper  fold  is  said 
to  let  out  air  whilst  the  under  lets  it  in :  if  this  were  proved,  its 
value  would  be  very  great.  For  smoky  towns  the  exclusion  of 
“blacks”  is  an  object  of  very  great  importance,  and  this  is  in  a 
great  measure  effected  by  gauze  of  wire  or  other  similar  material. 

Warming  was  not  included  in  Class  10,  although  it  would  seem 
to  be  a  proper  accompaniment  to  ventilation.  There  were,  however, 
a  few  plans  introduced  as  exceptions.  Mr.  Woodcock  brought 
Gurney’s  stove,  used  at  the  Palace  of  Westminster.  In  the  Houses 
of  Parliament  we  have  a  temperature  of  62°  produced  even  in 
winter,  the  air  being  introduced  from  below,  and  heated  after  passing 
over  the  stove,  which  is  a  steam  pipe  with  radiating  flanges.  It  is 
for  some  one  to  introduce  a  similar  system  into  private  houses. 
By  this  stove,  the  blouse  of  Commons  is  kept  at  a  temperature  of 
almost  62°Fabr.,  the  House  of  Lords  at  almost  64°  Fahr.  The 
mode  of  allowing  the  air  to  enter  seems  to  determine  an  equable 
temperature.  There  are  no  great  heats  employed,  and  the  air  before 
entering  the  houses  is  passed  through  gauze  into  a  chamber  under 
the  floor,  through  which  floor  it  passes  in  an  imperceptible  stream. 
The  injured  air  is  drawn  out  from  the  ceiling  by  the  draught  of  a 
column  of  air  heated  by  a  fire  of  coke.  Gradually  we  are  learning 
to  generate  heat  in  the  lower  floor,  and  to  send  up  the  hot  air  to  all 
the  house.  It  is  marvellous  how  easy  it  is  to  construct  such  a  stove, 
and  how  seldom  it  is  done.  Arnott’s  valve  might  regulate  them 
according  to  the  season,  even  if  his  form  of  stove  is  not  used.  Rosser 
manufactures  stoves  on  Silvester’s  principle,  and  superior  specimens 
of  these  were  shown  at  the  Exhibition. 

Zimara  of  St.  Petersburg,  exhibits  a  stove  under  a  building,  the 
lower  floor  of  which  is  almost  lined  with  earthenware  pipes,  through 
which  the  heated  air  and  smoke  pass.  The  whole  lower  storey  is 


very  fully  warmed ;  it  becomes  converted,  in  fact,  into  a  Dutch 
stove,  long  retaining  its  heat,  and  must  cause  great  comfort  in  a 
very  cold  climate.  This  may  be  said  to  be  the  old  Roman  method. 

We  have  no  golden  rule  for  economizing  heat  for  small  houses; 
but  unless  they  are  well  built  they  will  always  be  uncomfortable. 
The  walls  are  porous  and  moist,  and  yet  we  have  in  this  section 
many  makers  of  bricks. 

Mr.  Jennings  makes  glazed  bricks,  one  layer  of  which  is  placed 
just  above  the  foundation  of  the  house,  and  immediately  above  the 
surface  of  the  soil,  so  that  no  damp  should  arise  from  the  soil.  Why 
is  this  glazing  so  scarce  ?  If  we  could  obtain  semi-glazed  bricks 
cheaply  we  should  probably  save  a  large  portion  of  coals  now  spent 
in  drying  the  walls,  and  also  contribute  much  to  the  longevity  of 
the  houses,  which  often  break  down  in  a  short  human  lifetime 
because  of  the  porosity  of  the  brick  as  well  as  the  acidity  of  the  rain. 
With  all  our  pride  of  manufacture  we  have  not  yet  learned  to  make 
bricks,  or  they  are  all  injured  by  slovenly  management,  where  num¬ 
ber  takes  place  of  quality.  By  this  is  meant  bricks  for  the  million,  of 
which  every  small  house  may  be  well  built.  There  can  be  no  doubt 
that  expensive  bricks  can  be  made,  and  are  exhibited  of  high  quality, 
but  the  difficulty  is  to  find  them  in  buildings.  This,  however,  is 
not  the  place  for  their  consideration. 

EFFLUVIA  TRAPS. — M.  Gotto  of  Leighton  Buzzard  exhibits  a 
self-acting  trap,  emptying  itself  by  the  weight  of  the  liquid  when 
it  is  filled.  Messrs.  Tye  &  Andrew  exhibit  one  as  a  bent  tube, 
with  an  opening  at  the  bend  by  which  to  clean  out  the  tube — the 
opening  being  usually  screwed  up  of  course.  M.  Lovegrove  of 
Hackney,  shows  one  made  by  Mr.  Jennings.  It  is  the  simple  lid  or 
door  on  the  pipe  to  be  trapped ;  the  hinges  are  above,  and  the  trap 
falling  shuts  by  its  own  weight,  when  there  is  no  liquid  pressing  it 
forwards — a  very  simple  valve,  which  does  not  interrupt  a  current. 

It  is  curious  to  find  people  filling  their  sewers  with  putrid  air,  and 
then  shutting  it  off.  The  air  of  a  sewer  can  never  be  very  fine, 
but  by  disinfection  it  may  be  rendered  so  as  to  be  scarcely  remarked 
even  when  we  are  shut  up  in  it.  If  sewers  are  to  be  ventilated  it  cer¬ 
tainly  ought  not  to  be  through  our  houses,  and  it  is  better  to  remove 
all  inclination  this  way  by  taking  the  air  to  some  other  spot.  If  it  be 
inclined  to  press  into  a  house,  it  will  pass  through  the  bricks,  and 
especially  the  imperfect  seams.  Traps  prevent  only  the  strong  cur¬ 
rents.  This  rush  of  air  into  houses  is  seen  especially  on  high 
grounds,  which  often  receive  the  air  from  the  sewers  below,  and 
lose  all  the  value  of  their  natural  position.  The  importance  of 
other  outlets,  and  of  the  purification  of  the  air  also  is  apparent. 
Tall  chimneys  have  been  proposed,  and  especially  by  Mr.  Peter 
Spence.  Some  large  outlets  we  must  have,  or  we  shall  suffer  from 
those  innumerable  minor  ones  which  feed  the  lungs  of  so  many 
households  through  rat  holes  or  worse.  But  we  have  in  the  Exhibi¬ 
tion  no  general  ideas  on  sanitary  matters,  either  great  or  small,  and 
must  not  be  led  away  from  the  facts  before  us. 

WATER  PIPES  of  pitch  mixed  with  other  substances,  have  met 
with  much  attention  in  various  countries.  M.  Sebille  of  Nantes, 
has  perhaps  tried  most,  although  it  is  not  agreeable  to  omit  the 
names  of  several  others.  M.  Sebille  mixes  §ds  pitch  with  $d  of 
ground  slate,  and  makes  a  pipe  3  inches  in  diameter  for  2^d.  per 
yard,  capable  of  bearing  the  pressure  of  twelve  atmospheres.  This 
amount  seems  great.  He  especially  recommends  these  tubes  on 
account  of  their  convenience  of  manufacture,  as  well  as  for  bending, 
joining,  and  general  handiness.  For  acids  also  he  claims  an  advan¬ 
tage.  They  will  no  doubt  be  very  useful  in  many  chemical  works, 
where  ready  adaptation  is  so  much  required. 

Messrs.  Doulton  &  Company  of  Lambeth  make  large  earthen¬ 
ware  pipes  in  segments,  joining  the  segments  together  with  cement, 
when  laying  the  pipe  for  a  sewer  or  other  conduit.  The  conve¬ 
nience  and  economy  of  packing  and  exporting  the  parts,  instead  of 
the  round  whole,  must  be  great.  The  same  principle  is  applied  to 
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the  manufacture  of  large  earthenware  vessels  or  tubs,  which  are 
dovetailed  and  cemented. 

CONSUMPTION  OP  SMOKE  has  had  the  attention  of  several 
exhibitors.  Most  of  these  are  from  France  ;  and  although  showing 
in  manjq  if  not  all  cases,  a  knowledge  of  the  true  principles  of  com¬ 
bustion,  they  do  not  exhibit  a  knowledge  of  the  inventions  of  this 
country,  nor  has  anything  been  done  which  relieves  the  fireman 
from  an  intelligent  attention  to  his  duty. 

Fortin -Hermann  Brothers  of  Paris,  and  M.  Delperdange  of 
Brussels,  have  introduced  new  methods  of  joining  iron  pipes.  The 
first  method  is  by  putting  a  collar  of  lead  on  the  ends  of  each  of  the 
pipes  to  be  joined.  A  collar  of  iron  is  then  put  on  broad  enough  to 
cover  a  portion  of  both  the  lead  collars,  and  therefore  overlying  part 
of  both  the  tubes.  The  lead  collars  projecting  from  between  the 
iron  collar  and  the  pipe  are  then  hammered  under  the  iron  collar, 
and  the  junction  made  tight.  Two  men  can  perform  this  operation 
in  as  many  minutes.  It  is  not,  however,  easy  to  perceive  how  the 
lower  part  of  the  pipe  can  be  reached  on  most  occasions.  M.  Del¬ 
perdange  puts  on  a  collar  of  vulcanized  caoutchouc,  and  over  this 
one  of  iron,  both  collars  reaching  from  one  pipe  to  another,  and 
holding  both.  The  iron  collar  is  elastic,  and  is  screwed  up  tight. 
It  is  similar  to  that  made  by  Mr.  Truss. 

M.  Pierce’s  mode  of  drying  clothes  in  a  hot  air  chamber  in  the 
wall  is  after  that  of  Huthnanoe,  by  extending  the  applicability  of 
which  he  will  be  doing  great  service. 

The  struggles  of  man,  even  when  he  is  not  quite  successful,  are 
interesting.  Mr.  Askew’s  window  is  not  the  only  exhibition  which 
has  called  out  this  trite  remark,  as  it  really  does  all  it  pretends  to  do, 
and  its  office  is  important.  He  also  exhibits  a  window  sash  which 
earn  be  turned  outside  in,  for  cleaning  with  ease.  Some  of  the  danger 
of  falling  will  be  avoided,  and  cleanliness  will  be  promoted  by  this 
invention  ;  but  only  the  richer  will  use  it  after  all.  It  has  not  the 
mark  of  universality. 

Mr.  Sparkes  Hall,  sends  his  table,  to  enable  shoemakers  to 
do  their  work  standing ;  and  although  he  has  promoted  this  for 
twenty  years,  it  does  not  seem  much  advanced.  Are  we  really  a 
nation  fond  of  advancement,  or  are  we  only  driven  to  it  by  force  of 
circumstances  and  fear  of  penury  ?  Mr.  Burgess  also  brings  a  table 
for  the  same  class  of  workmen. 

Messrs.  Brooks  &  Smith  have  a  mode  of  preventing  droppings 
of  rain  from  skylights — an  ingenious  refinement,  but  sometimes 
worth  the  expense. 

GAS  METERS. — Mr.  J.  V.  Clarke’s  gas  regulator  was  shown — an 
inverted  receiver  floating  on  mercury,  the  weight  adjusted  by  rings 
of  lead. 

Mr.  Glover’s  gas  meter  was  also  exhibited — the  standard  measure 
for  gas — and  being  so,  it  will  soon  be  generally  known,  and  has  less 
need  of  description  here. 

BATHS  certainly  belong  to  sanitary  arrangements,  and  have 
become  almost  essentials  of  comfort,  although  persons  may  be  per¬ 
fectly  clean  without  dipping  the  whole  body  in  water  at  once.  Mr. 
Finch  has  shown  one  which  is  a  very  beautiful  piece  of  porcelain ; 
G.  Smith  of  Glasgow,  a  fine  piece  of  enamelled  and  painted  iren, 
with  numerous  conveniences  for  shower  bath  and  steam  bath ;  and 
Warner  &  Sons,  an  enamelled  bath,  which  might  be  admired  for  such 
if  they  did  not  call  it  marble.  Why  is  it  called  enamelled  marble? 

It  is  no  blame  to  the  Commissioners  or  Jury  if,  among  so  many 
articles,  all  were  not  put  into  their  proper  places  in  the  short  time 
allowed.  It  is  true  that  many  things  over  the  great  building  might 
have  been  looked  on  with  sanitary  eyes,  and  volumes  written  full 
of  valuable  information  on  them;  but  the  order  of  the  catalogue  must 
not  be  far  neglected.  Few  in  the  list  are  left  out,  and  even  these 
with  regret.  It  would  be  pleasing  if  all  were  praised  and  rewarded. 
We  must  be  thankful,  and  act  thankfully,  to  the  men  who  filled  the 
great  building  with  the  richness  of  their  inventions. 


5-FATS,  OILS,  SOAPS,  PAINTS,  VARNISHES,  ARTI¬ 
FICIAL  ESSENCES,  AND  CANDLES. 

By  Frederick  Field,  F.R.S.E., 

Professor  of  Chemistry  at  the  London  Institution. 


matter  contained  in  the  vegetable  food  on  which  the  animal  subsists. 
Others,  on  the  contrary,  imagine  that  the  fat  cannot  be  accounted 
for  in  this  way ;  that  the  supply  from  the  plant  is  wholly  inadequate 
to  form  the  fat  of  the  animal,  and  that,  by  a  transformation  of  the 
ultimate  elements  of  the  starch  and  other  non-nitrogenous  com¬ 
pounds,  we  must  look  for  its  production.  A  great  deal  can  be  said 
upon  both  sides  of  the  question,  and  a  certain  similarity  seems  to  exist 
between  the  oily  principles  found  in  the  animal  and  vegetable  world. 

By  far  the  most  important  and  abundant  source  of  the  fatty  mate¬ 
rial  known  in  commerce,  is  the  common  tallow,  made  by  roughly 
boiling  down  the  fat  of  sheep  and  oxen.  Enormous  quantities  are 
annually  imported  into  these  countries  from  Russia,  the  East  Indies, 
and  South  America.  In  countries  where  the  animals  are  super¬ 
abundant,  they  are  often  boiled  down  for  the  mere  sake  of  collecting 
the  fatty  portions.  Tallow  consists  essentially  of  stearic  and  oleic 
acids  in  combination  with  glycerine,  and  will  be  treated  of  a  little 
further  on  under  Candle  Manufacture. 

LARD  is  the  fatty  matter  of  the  hog,  principally  obtained  from 
America,  and  very  valuable  in  domestic  economy,  where  a  soft  and 
almost  tasteless  grease  is  required.  It  melts  at  about  98°  Fahr.,  and 
is  slightly  lighter  than  water.  Its  comparatively  high  price  prevents 
its  extensive  employment  in  the  manufacture  of  stearic  acid  for  illu¬ 
minating  purposes,  although  in  certain  states  of  the  market  it  has 
been  advantageously  used.  In  the  preparation  of  lard  from  the  fat 
of  the  pig,  a  bland  light  yellow  oil  is  procured,  which  has  many  very 
valuable  qualities. 

EATS.— The  fat  of  the  goat,  from  which  on  boiling  down  an  inferior 
tallow  can  be  made,  is  little  used  in  comparison  with  that  of  the  sheep 
and  the  ox,  partly  on  account  of  its  very  disagreeable  smell.  The 
acid  of  this  fat  differs  somewhat  from  the  stearic  acid,  and  has  been 
named  hircic  by  its  discoverer,  Chevreul.  The  peculiar  odour 
appears  to  be  due  to  an  oily  matter  called  hircine. 

Human  fat  is  not  essentially  distinct  from  that  of  the  inferior  ani¬ 
mals.  A  substance  which  Fourcroy  described  as  adipocire  found  in 
the  cemeteries  of  Paris  appears  to  be  human  fat,  which  has  partially 
escaped  decomposition  and  partly  saponified,  an  ammonia  soap 
having  been  formed,  due  to  the  decomposition  of  the  nitrogenous 
matters  in  the  body.  Large  quantities  of  candles  were  made  from 
this  substance  some  years  ago,  after  the  disinterment  of  the  bodies. 
A  considerable  amount  was  also  converted  into  soap. 

OILS. — Fish  supply  a  very  large  quantity  of  oil,  that  from  the  white 
whale,  known  as  sperm  oil,  being  the  most  valuable,  not  only  from 
its  neutral  properties,  which  render  it  exceedingly  useful  as  a  lubri- 
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cant  for  machinery,  but  from  the  clear  white  light  it  yields  in  its 
combustion.  This  substance,  which  must  not  be  confounded  with 
ordinary  whale  oil,  exists  principally  in  the  head  of  the  fish.  The 
whale  oil  is  taken  from  the  blubber  of  the  common  whale  by  boiling 
it,  when  the  tissue  becomes  broken  and  the  oil  gradually  flows  out. 
It  is  much  darker  in  colour  than  sperm  oil,  and  has  a  strong  fishy 
smell.  The  seal,  the  walrus,  and  other  of  the  fish  mammalia,  also 
yield  a  considerable  quantity  of  oil,  inferior  in  light-giving  power, 
though  extensively  used  in  countries  where  the  superior  kinds  cannot 
easily  be  obtained. 

VEGETABLE  OILS.— These  may  be  divided  into  the  non-drying  and 
the  drying  oils  ;  the  former  being  principally  employed  in  the  manu¬ 
facture  of  candles  and  soap,  the  latter  for  the  purpose  of  painting,  after 
the  admixture  of  mineral  colours.  Among  the  non-drying  oils  may 
be  mentioned  that  from  the  cocoa-nut,  a  white  solid  matter  of  the 
consistency  of  butter,  and  now  most  extensively  used,  not  only  in  the 
preparation  of  soap,  but  also  for  admixture  with  stearic  acid  in  the 
manufacture  of  candles  and  night  lights.  It  is  mainly  derived  from 
the  kernels  of  the  cocoa  palm  (Cocos  nucifera  and  butyracia),  many 
varieties  of  which  are  found  in  the  island  of  Ceylon.  It  is  generally 
extracted  from  the  nut  either  by  pressure  or  ebullition  in  water,  the 
oil  in  the  latter  case  floating  on  the  surface  of  the  liquid,  whence  it 
may  thus  be  easily  collected.  Being  when  pure  of  a  dazzling  white¬ 
ness,  it  forms  with  the  alkalies  very  white  soap,  peculiarly  soft  and 
emollient,  but  invariably  retaining  a  strong  odour  of  the  oil,  which 
to  some  is  very  unpleasant,  and  is  apt  to  become  rancid.  The 
same  objection  can  be  urged  against  its  application  in  the  candle 
trade,  the  candles  being  white,  but  invariably  betraying  the  existence 
of  the  oil  by  their  odour. 

PALM  OIL,  imported  principally  from  the  western  coast  of  Africa, 
is  procured,  as  its  name  implies,  from  a  species  of  palm.  The  fruit 
of  this  tree  is  not  very  large,  perhaps  about  the  size  of  a  pigeon’s 
egg.  It  is  cracked,  boiled  in  water,  and  the  oil  separated.  It  is  of 
a  rich  bright  orange  colour,  and  has  a  peculiar,  but  not  disagreeable 
smell.  It  is  very  widely  used  in  the  soap  and  candle  manufacture, 
but  from  its  deep  colour  it  is  generally  necessary  to  bleach  it  before 
it  can  be  used.  This  bleaching  is  effected  by  various  means.  One 
process,  patented  by  Mr.  Watt,  consists  in  heating  the  oil  with  a 
solution  of  bichromate  of  potash,  to  which  cither  sulphuric  acid  or 
hydrochloric  acid  is  added.  The  liberated  chromic  acid  is  deoxidized 
by  the  oil,  the  nascent  oxygen  rendering  it  white.  Simple  as  this 
appears,  considerable  dexterity  in  the  manipulation  is  requisite,  as 
the  oxide  of  chromium  is  held  in  the  fatty  liquid  with  great  tenacity, 
imparting  a  pale  green  colour,  which  can  only  be  removed  by  much 
care  and  patience.  To  avoid  the  use  of  bichromate  of  potash  and 
acid,  other  plans  have  been  proposed.  It  was  discovered  that  the 
colouring  matter  is  destroyed  by  heat  at  a  lower  temperature  than 
the  bulk  of  the  oil ;  it  is  consequently  only  necessary  to  heat  the 
oil  to  a  sufficient  temperature,  to  destroy  the  colour  without  charring 
the  oil.  Most  of  the  samples  I  have  seen  bleached  in  this  manner 
have  a  brownish  tinge,  owing  to  a  certain  amount  of  carbonization. 
It  appears,  however,  from  more  recent  experiments,  that  a  very  high 
temperature  is  not  absolutely  necessary,  and  that  if  the  palm  be 
heated  to  212°  Fahr.  for  some  hours,  with  constant  agitation,  it  is 
entirely  deprived  of  colour.  The  odour  of  this  oil  is  very  persistent, 
but  is  partially  removed  during  the  operation  of  bleaching. 

OLIVE  OIL,  obtained  from  the  fruit  of  the  olea  Europcea,  has  a  clear 
light  yellow  colour,  and  a  bland  and  pleasant  taste.  The  finer  and 
purer  varieties,  so  much  esteemed  for  the  table,  are  procured  by 
subjecting  the  olive  to  very  gentle  pressure,  avoiding  the  application 
of  heat.  When  stronger  pressure  is  applied,  together  with  elevation 
of  temperature,  the  oil  is  slightly  inferior.  Not  only  is  this  natural 
production  used  as  an  article  of  diet,  but  also  as  a  lubricant,  and  in 
the  manufacture  of  the  more  expensive  kinds  of  soap,  such  as  those 
of  Marseilles  and  Castile.  Protonitrate  of  mercury  exercises  a  very 


curious  action  upon  olive  oil.  A  small  quantity  of  the  solution, 
about  one-tenth  of  the  bulk  of  the  oil,  is  added,  when  in  a  few 
hours  it  becomes  solid,  and  can  be  handled  easily.  As  the  com¬ 
paratively  costly  nature  of  olive  oil  renders  it  extremely  liable  to 
adulteration,  and  the  nitrate  of  mercury  exerts  but  little  action  upon 
many  of  the  inferior  oils,  these  may  be  detected  by  this  test. 

ALMOND  OIL  is  obtained  from  the  kernels  of  the  common  almond, 
either  the  sweet  or  the  bitter,  by  simple  expression.  When  pure  it 
is  nearly  colourless  and  tasteless,  and  is  much  used  in  the  manufac¬ 
ture  of  liniments,  ointments,  &c. 

LINSEED  OIL. — Among  the  drying  oils  linseed  is  the  most  impor¬ 
tant,  and  is  greatly  employed  in  the  preparation  of  paints,  varnishes, 
&c.  Its  drying  properties  are  not  clearly  understood,  but  evidently 
depend  upon  the  formation  of  certain  oxygenized  compounds.  The 
drying  is  much  enhanced  by  boiling  the  oil  with  litharge.  It  is  then 
known  as  boiled  oil,  and  holds  in  solution  appreciable  quantities  of 
the  metallic  oxide.  Other  drying  oils,  such  as  those  derived  from 
the  walnut,  poppy,  &c.,  are  known  in  commerce ;  but  their  applica¬ 
tion  is  small  in  comparison  to  that  of  linseed. 

MINERAL  OIL. — The  adoption  of  mineral,  in  place  of  animal 
and  vegetable  oils  for  illumination,  is  much  on  the  increase,  and 
will  doubtless  take  the  place  of  the  latter  to  a  very  great  extent. 
The  experiments  of  Mr.  James  Young,  the  well  known  patentee  of 
the  paraffin  oil,  have  been  successful  to  a  remarkable  extent,  the 
quantity  of  the  oil  used  in  lamps,  specially  adapted  for  the  purpose, 
being  very  great.  When  properly  prepared,  there  is  no  danger  what¬ 
ever  in  its  combustion,  as  it  can  be  heated  to  140°  Fahr.  without  fear 
of  the  vapour  igniting.  It  burns  with  a  clear  white  light,  and  very 
little  smell.  The  petroleum  oils  from  North  America  are  at  present 
exciting  much  interest.  Some  are  exceedingly  volatile,  and  altogether 
unfit  for  domestic  use ;  but  certain  products  in  the  market  are  equal 
to  the  best  description  of  paraffin  oils,  as  they  give  an  equally 
brilliant  flame,  and  are  perfectly  safe.  An  oil  from  the  same  source 
seems  destined  to  supersede  turpentine  in  a  great  measure.  When 
mixed  with  linseed  oil  and  white  lead,  or  other  paints,  the  drying 
properties  are  very  excellent,  and  the  surface  particularly  good.  In 
the  course  of  a  fewT  years  many  valuable  products,  at  present  little 
available,  will  be  brought  to  light  by  a  thorough  investigation  of 
the  petroleum  now  found  in  such  vast  abundance. 

Among  the  principal  exhibitors  of  the  various  fats  and  oils  may  be 
mentioned  Messrs.  Brecknell  &  Turner  (912),  who  display  fine  speci¬ 
mens  of  sperm  oil ;  E.  Neighbour  &  Sons  (935),  especially  adapted 
for  lubricating  purposes.  Price’s  Patent  Candle  Company  (939), 
and  Messrs.  Rogers  of  Manchester  (954).  Rose  of  Upper  Thames 
Street  (942),  has  some  fine  samples  of  railway  grease,  a  cheap  and 
efficient  lubricant;  and  F.  L.  Bauwens  (911),  some  excellent  speci¬ 
mens  of  the  various  oils. 

In  France  M.  Marechal  (957),  Rocca  Brothers  (907),  Roulet  (909), 
Michaud  (976),  Morisot  (977),  and  Sauvage  (978),  are  especially 
worthy  of  notice. 

SOAPS. — A  glance  at  the  chemistry  of  saponification  will  be  found 
under  the  head  of  Candle  Manufacture,  in  describing  the  formation 
of  stearic  and  oleic  acids  from  ordinary  tallow,  palm  oil,  &c. ;  and 
in  the  brief  sketch  of  this  most  important  article,  soap,  we  can  only 
touch  upon  the  usual  methods  adopted  for  its  preparation,  and  certain 
improvements  which  have  been  made  during  the  last  few  years 
Soaps  are  known  to  chemists  as  those  soluble  and  insoluble  ir. 
water,  the  latter  are  formed  by  the  addition  of  an  alkaline  earth, 
such  as  lime  or  baryta,  or  oxide  of  lead,  in  which  case  a  lead  soap 
or  planter  is  produced.  The  soluble  soaps  are  those  used  in  domestic 
economy,  as  well  as  for  all  purposes  where  detergent  qualities  are 
necessary.  These  are  formed  by  boiling  oil  or  fats  with  a  solution 
of  potash  or  soda.  Soda  always  yields  a  harder  and  more  com¬ 
pact  soap  than  potash ;  when  the  latter  alkali  is  employed  with 
oils  only,  the  soap,  indeed,  does  not  harden,  but  remains  as  a 


430 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862 


soft  mass  known  in  the  trade  as  soft  soap.  One  of  the  greatest 
improvements  introduced  in  the  soap  manufacture  of  late  years  is 
the  employment  of  caustic  alkali,  directly  made,  in  place  of  using 
an  alkaline  solution  prepared  on  the  premises.  Ordinary  soda  ash, 
as  bought  by  the  soapmakers,  contains  from  48  to  55  per  cent,  of 
pure  alkali,  the  remainder  consisting  of  carbonic  acid,  chloride  of 
sodium,  sulphate  of  soda,  and  water.  To  free  the  carbonic  acid 
from  the  soda,  the  ash  has  to  be  dissolved  in  water,  and  the  solution 
boiled  with  caustic  lime,  whereby  a  carbonate  of  lime  is  formed, 
and  the  soluble  alkali  held  in  solution.  The  residual  carbonate  of 
lime  always  contains  a  large  quantity  of  soda,  which,  according  to 
the  recent  experiments  of  Mr.  Kynaston,  cannot  be  separated  even 
by  prolonged  washing,  and  it  is  necessary  to  calcine  the  lime  salt, 
and  again  digest  it  in  water,  before  the  whole  can  be  extracted. 
This  process  necessitates  much  time  and  labour,  and  in  a  large 
manufactory  would  be  productive  of  much  inconvenience.  When 
caustic  alkali  is  employed,  it  is  simply  necessary  to  dissolve  it  in 
the  requisite  quantity  of  water  to  obtain  the  desired  strength,  and  a 
solution  is  at  once  formed  which  may  be  immediately  pumped  into 
the  soap  copper.  As  oils  and  fats,  even  of  inferior  qualities,  always 
have  a  comparatively  high  price,  many  methods  have  been  devised 
for  the  purpose  of  cheapening  the  article,  by  the  introduction  of 
rosin  or  other  more  economical  materials,  known  as  weak  goods, 
without  affecting  to  any  great  extent  the  detergent  qualities  of  the 
soap.  The  most  successful  process  was  one  devised  some  years 
ago  by  Dr.  Normandy,  the  product  formed  being  known  as  sulphated 
soap.  The  following  is  a  brief  description  of  his  patent : — After 
the  soap  is  made  in  the  usual  manner,  with  a  larger  proportion  of 
resin  than  is  common,  and  is  ready  to  be  cleansed,  anhydrous 
sulphate  of  soda,  mixed  with  a  small  quantity  of  the  carbonate,  is 
thoroughly  incorporated  in  the  mass  by  violent  and  continuous 
crulching ,  i.e.  mechanical  agitation.  The  resinous  soap,  which, 
without  the  addition  of  this  compound,  would  be  weak  and  soft, 
becomes  on  cooling  as  hard  as  the  varieties  made  from  purer  mate¬ 
rials,  and  the  detergent  qualities  are  said  to  be  improved.  The 
rationale  of  this  process  is  somewhat  obscure,  but  the  discoverer 
imagines  that  a  skeleton,  so  to  speak,  of  the  sulphate  is  built  up  in 
the  mass,  and  prevents  a  too  great  coalescence  of  the  particles. 
The  ingenious  patentee  has  likewise  proposed  the  adoption  of  sul¬ 
phite  of  soda,  as  well  as  sulphate,  particularly  where  the  soap  is 
employed  for  the  cleansing  of  fabrics  which  have  been  acted  upon 
by  chlorinated  compounds  during  the  bleaching  process,  the  sulphite 
decomposing  these  compounds  with  the  formation  of  a  sulphate. 

Silicated  soaps  have  been  made  to  a  very  great  extent,  more 
especially  on  the  Continent.  Many  consist  merely  of  silica  in  a  fine 
state  of  division,  mixed  with  the  body  of  the  soap  itself,  while  the 
better  sorts  are  prepared  by  the  introduction  of  silicate  of  soda 
(soluble  glass). 

The  purer  and  better  kinds  of  white  soaps  are  made  from 
the  finest  tallow  and  pure  caustic  alkali.  These  form  the  basis  of 
the  many  beautiful  productions  for  the  toilet,  after  colouring  and 
scenting.  The  yellow  household  soap  contains  a  small  amount 
of  resin,  from  which  arises  its  well  known  colour.  The  peculiar 
mottled  appearance  of  some  soaps  is  due  to  a  minute  trace  of  sul¬ 
phide  of  iron.  Soap,  when  pure,  should  be  perfectly  soluble  in 
distilled  water  or  alcohol.  In  ordinary  waters  an  insoluble  sub¬ 
stance  is  produced,  owing  to  its  decomposition  by  a  lime  salt.  Soaj  s 
vary  very  much  in  composition,  the  best  Castile  soap,  according 
to  Dr.  Ure,  containing  about  14  per  cent,  of  water,  and  as  much  as 
76  per  cent,  of  fatty  acid,  while  inferior  varieties  contain  from  40 
to  50  per  cent,  of  water,  and  only  from  30  to  40  per  cent,  of  fat. 
Although  the  detection  of  soluble  impurities  in  soap  demands  con¬ 
siderable  care,  it  is  easy  to  recognize  adulterations,  such  as  sand, 
&c.,  by  simply  boiling  the  soap  in  rain  water,  when  these  impurities 
6ink  to  the  bottom.  The  quantity  of  water  may  also  easily  be 


obtained  by  weighing  a  portion  of  the  soap,  heating  it  to  a  tem¬ 
perature  of  212°  Fahr.,  until  no  further  loss  is  experienced,  and 
reweighing.  The  difference  will  be  the  amount  of  water. 

Liebig  justly  remarks,  that  the  degree  of  civilization  in  a  people 
may  be  correctly  arrived  at  by  the  quantity  of  soap  consumed  in 
the  country ;  and  considering  that  soap  is  not  only  indispensable 
to  the  well  being  and  happiness  of  a  nation,  from  its  cleansing  pro¬ 
perties,  but  also  that  it  is  employed  in  nearly  every  branch  of 
industry,  the  observation  of  the  eminent  philosopher  is  doubtless 
not  far  from  the  truth.  It  will  be  gratifying,  therefore,  to  learn 
that  the  soap  manufacture,  both  in  this  country  and  abroad,  is 
enormously  on  the  increase.  In  England,  especially,  since  the 
duty  has  been  removed,  and,  as  a  consequence,  the  manufacturer 
relieved  from  the  despotism  of  the  excise — that  great  bane  to  the 
advancement  of  all  industrial  enterprise — not  only  the  quantity, 
variety,  and  excellence  of  the  soaps  have  been  materially  improved, 
but,  what  is  of  far  greater  importance,  their  price  has  been  exceed¬ 
ingly  diminished. 

The  exhibitors  of  soaps  are  very  numerous.  Breckenell,  Turner, 
&  Sons  (912)  have  fine  specimens  of  their  celebrated  skin  soap  ;  the 
East  London  Soap  Works,  E.  Coote  &  Company  (916),  exhibit  excel¬ 
lent  samples  of  yellow  and  mottled  soaps  ;  Messrs.  Cowan  &  Sons 
(917),  of  the  well-known  Hammersmith  Bridge  Works,  have  many 
productions  remarkable  for  variety  and  beauty  ;  and  the  same  may 
be  said  of  Messrs.  D.  &  W.  Gibbs  (919),  of  the  City  Soap  Works ; 
Messrs.  W.  Gossage  &  Sons  (920)  exhibit  the  silicated  soap, 
described  above,  as  well  as  the  silicate  of  soda  employed  in  its  pre¬ 
paration  ;  W.  MacKean  (928),  Messrs.  Robin  &  Houston  (941),  and 
Rowe  of  Brentford  (943),  have  soaps  of  every  shade  of  colour  and  of 
every  variety  of  scent;  the  West  of  England  Soap  Company  of  Ply¬ 
mouth  (950)  have  a  splendid  display  of  soaps,  from  the  ordinary 
household  article  to  the  delicate  toilet  tablet.  Among  so  many 
excellent  illustrations,  it  might  seem  invidious  to  make  any  com¬ 
parison  ;  but  perhaps  the  samples  of  Messrs.  J.  Williams  &  Son  of 
Clerkenweli  (953),  form  the  most  elegant  collection  in  this  depart¬ 
ment.  F.  S.  Cleaver  (1168)  is  especially  remarkable  for  his  fancy 
soaps,  and  Pears  (1181)  for  the  transparent  variety,  at  one  time  much 
in  fashion,  and  made  by  dissolving  the  substance  in  alcohol  and 
carefully  evaporating  the  solution. 

The  French  have  long  been  famous  for  the  production  of  soaps, 
especially  for  the  purposes  of  the  toilet.  MM.  Cusinberche  (941), 
Leroy  (942),  andTrembeau  (945),  have  very  superior  articles.  The 
marbled  soaps  of  MM.  Arnavon  of  Marseilles  (960),  Roux  (966)  of 
the  same  town,  and  Gontard  (982)  of  Paris,  are  beautifully  varie¬ 
gated  in  appearance,  and  bear  a  striking  resemblance  to  marble.  M. 
Milleau,  jun.  (965),  of  Marseilles,  has  a  cabinet  of  pure  curd  soap  cf 
perfect  whiteness. 

Austria  has  also  contributed  many  fine  specimens  of  soap  manu¬ 
facture  ;  those  of  Partel  &  Zeschko  (496),  F.  A.  Sarg  (512),  and 
the  Soap  Manufacturers’  Company  at  Vienna,  being  particularly 
remarkable. 

M.  Dupois  Crepy  (166),  and  Eeckelaers  (167),  of  Belgium,  exhibit 
superior  varieties  of  household  soap. 

CANDLE  MANUFACTURE.—1 There  are  few  branches  of  industry, 
during  the  last  few  years,  which  have  excited  the  interest  of  scientific 
men  to  so  great  a  degree  as  the  production  of  artificial  light ;  and 
although  the  employment  of  coal  gas,  which  may  be  regarded  as  an 
era  in  the  history  of  civilization,  is  almost  universally  adopted  for 
the  illumination  of  the  streets  and  shops  of  nearly  every  city  or  town 
on  the  globe,  the  candle  manufacture  is  anything  but  obsolete,  but 
on  the  contrary,  has  extended  in  a  wonderful  degree  during  the  last 
twenty  or  thirty  years. 

In  the  beginning  of  the  present  century  it  may  be  said  that  there 
were  only  three  well-defined  classes  of  candle,  viz  ,  wax,  spermaceti, 
and  ordinary  tallow.  The  latter,  which  wTas  most  generally  used, 
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consisted  either  of  a  thick  cotton  wick  coated  with  tallow  by  means 
of  frequent  immersions  in  the  liquid  fat,  and  thus  technically  known 
as  the  dip ,  or  the  tallow  cast  into  moulds  having  a  wick  placed  in 
the  centre,  and  the  candle  thus  formed  called  the  mould. 

It  will  be  necessary  before  entering  upon  the  history  of  the 
manufacture  of  the  wax  candle,  to  say  a  few  words  upon  wax  itself. 
Wax,  the  secretion  of  the  bee,  commonly  known  as  bees’  wax,  is 
collected  from  many  parts  of  the  world — North  America,  the  East 
Indies,  and  the  western  coast  of  Africa  sending  in  the  principal 
supply.  A  considerable  quantity,  nevertheless,  is  obtained  from 
the  various  villages  of  this  country.  Bees’  wax  varies  in  colour 
from  a  clear  bright  yellow  to  a  dark  brown,  and  although  the  tint 
may  at  times  be  owing  to  adulteration  by  an  admixture  of  foreign 
substances,  there  is  no  doubt  that  locality  has  some  influence,  and 
that  the  varieties  of  flowers  upon  which  the  bees  subsist  impart  a 
colouring  matter  to  the  secretion,  more  or  less  strong  and  persistent. 
After  a  process  of  refining,  which  consists  simply  in  melting  the 
wax  in  hot  water,  to  which  a  small  quantity  of  sulphuric  acid  is 
added,  and  allowing  the  dross  to  settle,  it  is  cast  into  large  oblong 
cakes  and  sent  to  the  bleaching  ground.  The  operation  of  bleach¬ 
ing,  though  tedious,  is  extremely  simple. 

The  wax  is  placed  in  a  series  of  wooden 
vats  (Fig.  569)  and  heated 
Fig.  569.  by  means  of  steam  to  a 
few  degrees  above 
its  melting  point 
(about  145°Fahr.) 


Process  of  Pleaching  Wax. 

Each  vat  is  provided  with  a  tap,  and  underneath  these  taps  runs  a 
long  metallic  trough  perforated  with  a  single  row  of  holes  at  the 
bottom.  Immediately  under  this  is  a  wooden  roller,  extending  to 
the  length  of  the  trough,  and  partially  submerged  in  a  long  tank 
nearly  filled  with  water.  On  opening  the  taps  the  melted  wax  flows 
into  the  trough  and  escapes  through  the  holes,  falling  upon  the 
wooden  roller,  which  is  gradually  made  to  revolve,  and  on  coming 
in  contact  with  the  water  the  wax  is  at  once  solidified,  and  floats 
into  the  tank  in  the  form  of  thin  strings  or  ribbons  of  about  one- 
eighth  to  one-tenth  of  an  inch  in  thickness.  These  are  collected  by 
means  of  large  rakes  from  the  surface  of  the  water,  and  placed  on 
large  wooden  frames  covered  with  sailcloth,  from  thirty  to  forty  feet 
long,  by  twelve  to  fifteen  wide.  The  cloth  hangs  considerably  over 
each  side  of  the  frame,  so  that  in  case  of  high  winds  and  stormy 
weather,  the  workmen  can  lap  it  over  the  ribbons,  which  might 
otherwise  be  scattered.  The  length  of  the  operation  depends  neces¬ 
sarily  upon  the  season  and  the  amount  of  sunlight,  but  generally 
takes  from  one  month  to  six  weeks.  In  cloudy  weather  the  bleaching 
action  is  very  slow,  so  much  so  that  it  has  been  found  more  econo¬ 
mical  (in  this  country  at  least)  to  close  the  works  entirely  during  the 
winter  months,  and  confine  the  bleaching  to  the  summer.  Fine  bright 
dewy  mornings  forward  the  whitening  more  than  any  other  time. 
Of  course  much  depends  upon  the  original  colour  of  the  wax,  although 
it  does  not  always  happen  that  the  lightest  yellow  bleaches  the 


quickest,  some  dark  clear  amber  shades  yielding  more  readily  to  the 
action  of  the  light  than  those  having  almost  a  straw  colour.  Hence 
there  can  be  little  doubt,  as  before  observed,  that  the  colouring 
principle  differs  considerably  in  its  chemical  nature  in  the  varieties 
of  bees’  wax.  Many  experiments  have  been  instituted  from  time 
to  time,  for  the  purpose  of  bleaching  wax  by  artificial  means,  but 
until  quite  lately  none  have  succeeded.  Mr.  Arthur  Smith  patented 
a  process  in  the  year  1859  for  the  employment  of  bichromate  of 
potash  and  sulphuric  acid,  which  has  answered  remarkably  well 
— the  wax  in  half  an  hour  becoming  as  white  as  when  exposed  to 
the  sun’s  light  for  many  weeks.  The  application  of  chlorine  is  per¬ 
fectly  inadmissible,  inasmuch  as  the  wax  is  decomposed  upon  the 
introduction  of  this  element,  chlorinated  compounds  being  formed ; 
and  although  a  bleaching  action  is  exercised,  the  wax  loses  its  com¬ 
bustibility. 

Wax  candles  are  seldom  or  never  moulded.  The  adhesive  cha¬ 
racter  of  the  wax  would  cause  it  to  cling  to  the  sides  of  the 
mould  with  such  tena¬ 
city  that  the  candle  Fij.570. 

would  be  imperfect,  if 
indeed  it  could  be 
extricated.  The  mode 
of  preparation  is  as 
follows :  —  A  wooden 
ring  (Fig.  570),  to  which 
are  attached  a  number 
of  wicks,  is  suspended 
from  the  ceiling  over 
a  deep  pan  full  of 
melted  wax,  and  gradu¬ 
ally  turned  by  the 
operator  with  one  hand, 
while  with  the  other 
he  pours  the  liquid  over 
the  revolving  wicks. 

At  each  revolution  the 

wicks  become  coated  with  a  thicker  covering,  the  eye  of  the  work¬ 
man  deciding  when  they  are  of  the  requisite  size.  Although 
apparently  so  simple 

an  operation,  great  I  lg-  57lt 

care  and  practice 
are  necessary  in  per¬ 
forming  it,  and  only 
very  experienced 
hands  are  able  to 
form  a  good  candle. 

If  the  wax  be  not 
sufficiently  warm  the 

extremities  of  the  wick  become  of  greater  diameter  than  the 
superior  portions ;  and  on  the  other  hand,  if  it  be  too  hot  the  wax 
does  not  solidify,  but  flows  from  the 
cotton  into  the  pan.  When  the  right 
thickness  is  obtained,  the  rough 
candles  are  removed  from  the  ring 
and  forcibly  rolled  upon  a  marble  slab 
(Fig.  571)  by  means  of  a  board,  in 
such  a  manner  as  to  bring  them  into 
a  perfectly  cylindrical  form.  A  portion 
of  the  wax  is  removed,  in  order  to 
allow  the  exit  of  the  wick,  and  the 
ends  are  cut  with  a  sharp  steel  knife. 

SPERMACETI  CANDLES.  —  The 
manufacture  of  the  spermaceti  candle 
differs  essentially  from  that  of  the  wax.  Metal  moulds,  formed  of 
a  mixture  of  lead  and  a  little  tin,  of  the  required  size,  are  fixed  in 


Manufacture  of  Wax  Candles. 


Rolling  Wax  Candles. 


Fig.  572. 


Spermaceti  Candle  Mould. 
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a  wooden  frame  (Fig.  572),  the  sides  of  which  extend  about  an  inch 
above  the  extremities  of  the  moulds,  forming  a  shallow  trough. 
The  wick  is  drawn  through  each  mould  by  means  of  a  small  hook 
attached  to  a  handle,  and  it  is  kept  exactly  in  the  centre  by  a  piece 
of  wire  bent  at  right  angles. 

At  the  apex  a  stout  wooden  peg  (Fig.  573)  is  introduced, -and 
Fie  573  made  firm  by  a  few  strokes  from  a  mallet.  The  liquid 
spermaceti  is  then  poured  into  the  frame,  filling  the 
mould  as  well  as  the  trough.  When  sufficiently  cold, 
the  excess  is  removed  by  a  scraper,  and  by  a  slight 
mechanical  motion  the  candles  slide  out  from  the  moulds 
and  are  ready  for  use. 

The  beautiful  substance,  spermaceti ,  is  derived  from 
the  solid  or  head  matter  of  the  sperm  oil,  as  it  comes 
from  the  ships.  It  is  submitted  to  the  process  of  bag¬ 
ging — a  rough  kind  of  filtration — and  subsequent  pres¬ 
sure.  The  cautious  addition  of  caustic  alkali  removes 
the  remainder  of  the  oil  and  a  considerable  amount  of 
colouring  matter,  and  the  partially  purified  sperm  is  then 
subjected  to  hot  pressure. 

STEARIC  ACID  CANDLES. —  Gay-Lussac,  in  the  year 
1825,  patented  a  process  for  the  manufacture  of  candles 
from  stearic  acid,  or  the  solid  portion  of  the  fat  of  animals. 
His  own  researches  and  those  of  Chevreul  have  eluci¬ 
dated  the  nature  of  tallows  and  fats  in  a  very  beautiful 
manner,  the  investigation  being  highly  comprehensive 
and  complete.  If  we  take  common  tallow  as  an  illus¬ 
tration  of  most  of  the  fatty  bodies,  we  find  on  boiling  it 
Section  of  in  an  alkaline  solution,  that  it  loses  its  greasy  proper- 
Jiotiid.  j.;eg  an(j  js  conver(ie(j  jn(;0  a  soap,  and  that  a  peculiar 
liquid  is  separated,  having  a  sweetish  and  by  no  means  unpleasant 
taste  If  the  soap  be  now  heated  with  acidulated  water  the 
alkali  is  neutralized,  and  the  fatty  matter  floats  upon  the  surface 
of  the  liquid.  On  cooling  it  becomes  highly  crystalline,  and  if 
examined  will  be  found  to  possess  very  different  properties  from 
those  of  the  original  tallow.  A  portion  placed  upon  the  palm  of 
the  hand  and  forcibly  pressed  with  the  thumb,  will  be  found  to 
separate  into  two  distinct  bodies,  one  an  oil  which  exudes  from 
under  the  pressure,  and  the  other  a  solid  crystalline  body.  The 
experiment  may  be  more  satisfactorily  performed  by  inserting  a 
fragment  between  the  folds  of  some  bibulous  paper  placed  into  a 
stroDg  press ;  the  oil  will  be  absorbed  and  the  thin  white  cake 
extracted.  Both  substances  have  decidedly  acid  properties,  redden 
litmus  paper,  and  are  capable  to  a  certain  extent  of  dissolving 
metallic  oxides.  The  theory  of  these  changes  is  very  simple.  Tal¬ 
low  is  a  compound  of  stearic  and  oleic  acids,  in  combination  with 
glycerine  or  oxide  of  glycer}-!.  In  order  to  separate  them  from  this 
compound  a  stronger  base  is  introduced,  together  with  the  applica¬ 
tion  of  heat.  Instead  of  a  stearate  and  oleate  of  glycerine  (tallow), 
we  obtain  a  stearate  and  oleate  of  alkali  (soap).  The  glycerine  is 
dissolved  in  the  water  together  with  the  soap,  if  the  alkali  employed 
be  either  potash  or  soda.  On  the  addition  of  an  acid,  as  before 
observed,  another  decomposition  is  effected  ;  the  weaker  acids  are 
separated,  and  being  perfectly  insoluble  in  water,  as  well  as  speci¬ 
fically  lighter,  float  upon  the  surface.  In  the  preparation  of  stearic 
acid  for  the  manufacture  of  candles,  magnificent  specimens  of  which 
are  exhibited,  the  most  striking  of  which  perhaps  are  found  in  the 
Belgian  department,  lime  is  generally  employed  as  the  saponifying 
agent,  in  place  of  the  more  expensive  alkalis,  potash  and  soda. 

A  large  boiler  is  provided,  containing  water  brought  up  to  boiling 
temperature  by  means  of  steam,  and  the  tallow  is  thrown  into  this 
from  the  cask.  To  every  ton  of  tallow,  about  320  lbs.  of  slaked 
lime  are  added,  and  the  whole  kept  in  a  state  of  violent  ebullition 
for  from  six  to  eight  hours.  The  steam  is  then  turned  off,  and  the 
contents  of  the  boiler  allowed  to  cool.  When  cold,  the  saponified 


tallow  will  be  found  on  the  surface,  in  the  form  of  a  hard  white  mass, 
so  hard  indeed  as  to  receive  technically  the  name  of  rock,  floating 
upon  the  solution  of  glycerine  or  sweet  water.  This  liquid  is  drawn 
off  from  below,  and  the  rock  dug  out  with  spades  and  pickaxes,  and 
thrown  into  a  vat  lined  with  lead,  containing  dilute  sulphuric  acid, 
the  acid  being  in  sufficient  quantity  to  decompose  the  inso'uble  soap. 
After  boiling  for  a  considerable  time,  the  sulphate  of  lime  is  allowed 
to  settle,  and  the  fatty  acids,  which  float  in  a  clear  layer  upon  the 
surface  are  drawn  off  into  shallow  block-tin  trays,  about  2  feet  long 
by  1  foot  wide,  and  1  inch  deep,  and  left  to  solidify.  If  the  operation 
has  been  properly  conducted,  the  surface  on  cooling  is  highly  crys¬ 
talline,  and  generally  of  a  brown  colour,  owing  to  a  slight  carboniza¬ 
tion  which  has  taken  place  by  the  action  of  the  sulphuric  acid.  The 
cakes  are  then  removed,  placed  between  mats  made  of  cocoa-nut 
fibre,  and  subjected  to  strong  hydraulic  pressure.  This  is  continued 
until  nearly  all  the  oil  is  expelled,  when  the  cakes,  considerably 
reduced  in  size,  have  a  brownish-white  colour,  and  scarcely  a  per¬ 
ceptible  greasy  feel  to  the  hand.  They  are  now  remelted,  and  the 
liquid  poured  into  the  same  shallow  tins,  and  wheq  cold  are  placed 
in  a  hot  press,  at  a  temperature  of  about  90°  Fahr.  More  oil  is 
eliminated,  and  the  resulting  solid  matter  is  quite  white,  and  may  be 
considerated  as  pure  stearic  acid.  It  is  now  fit  for  the  manufacture 
of  candles. 

Various  other  processes  are  at  present  adopted,  which  can  be 
merely  mentioned  here.  One,  originally  patented  by  Mr.  Morfit, 
consists  in  heating  the  fats  (tallow,  lard,  &c.)  with  sulphuric  acid, 
by  which  means  sulpho-stearic  and  sulph-oleic  acids  are  formed,  as 
well  as  the  sulpho-glyceric  acid.  By  the  addition  of  water  the  latter 
is  removed,  and  the  former  are  decomposed  into  stearic  and  oleic 
acid,  and  may  be  separated  from  each  other  by  pressure.  Another 
method  suggested  by  M.  Tilghman,  mainly  depends  on  subjecting 
fat  and  water  to  a  very  considerable  pressure  and  high  temperature. 
The  apparatus  originally  employed  has  been  considerably  modified 
at  various  times.  Glycerine  is  separated,  and  the  stearic  and  oleic 
acids  are  in  turn  submitted  to  pressure. 

PARAFFIN  CANDLES. — Many  years  ago,  Liebig,  in  his  “Familiar 
Letters  on  Chemistry,”  said,  that  if  gas  could  be  solidified  into  a 
colourless  inodorous  body,  and  could  be  burnt  in  an  ordinary  candle¬ 
stick,  it  would  be  considered  one  of  the  most  extraordinary  discoveries 
of  the  age.  Paraffin  may  be  considered  as  a  solidified  gas,  and  its 
preparation  and  manufacture  into  candles  may  be  reckoned  a  most 
important  era  in  the  history  of  artificial  illumination.  It  was  dis¬ 
covered  originally  by  Reichenbach,  who  obtained  it  among  many 
other  products  from  the  compounds  formed  during  the  distillation  of 
tar ;  but  for  a  long  time  it  was  regarded  merely  as  a  rare  and  highly 
interesting  carbo-hydrogen,  valueless  in  a  commercial  point  of  view, 
and  was  seen  only  in  very  small  quantities  in  the  museums  of  the 
curious  and  the  laboratory  of  the  chemist.  The  name  para Jin  was 
given  to  it  by  its  discoverer,  from  pai-um  ajinis,  as  he  found  it 
singularly  unaffected  by  most  chemical  reagents,  and  its  decompo¬ 
sition  under  most  circumstances  a  matter  of  considerable  difficulty. 
The  resistance  it  affords  to  strong  acids  and  bases,  is  certainly  very 
extraordinary.  Strong  sulphuric  acid,  for  instance,  which  decom¬ 
poses  every  variety  of  fatty  matter,  bees’  wax,  and  in  fact  nearly  all 
descriptions  of  organic  bodies,  with  the  greatest  energy,  converting 
them  into  blackened  carbonaceous  masses,  hardly  affects  paraffin, 
merely  imparting  to  it  a  slight  rose-coloured  tinge,  whilst  the  alkalis, 
potash,  and  soda  fail  to  saponify  it.  About  twelve  years  ago  a 
company  was  formed  for  the  object  of  subjecting  Irish  peat  to  distil¬ 
lation,  principally  for  the  purpose  of  obtaining  paraffin  in  sufficient 
quantity  to  render  it  available  for  the  manufacture  of  candles.  Among 
the  other  products  of  the  distillation,  all  more  or  less  valuable,  paraf¬ 
fin  was  the  most  so,  and  experiments  conducted  upon  a  small  scale 
appeared  highly  successful.  The  very  minute  quantity,  however,  in 
which  it  existed  in  the  peat  rendered  the  extraction  too  expensive, 
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although  that  which  was  obtained  was  eminently  pure  and  beautiful, 
and  gave  a  very  clear  white  light. 

Owing  to  this  partial  success  many  other  bituminous  matters  were 
examined  both  in  England  and  on  the  Continent ;  and  an  extensive 
deposit  of  a  mineral  production,  known  as  Boghead  coal,  or  Tor- 
banehill  mineral,  was  found  to  yield  a  very  considerable  supply.  It 
would  be  impossible  in  the  short  space  allotted  to  us,  to  enter  into  a 
description  of  the  various  processes  employed  for  the  extraction ; 
suffice  it  to  say  that  during  the  last  few  years  it  has  been  sold  to  the 
extent  of  thousands  of  tons,  and  from  being  a  substance  the  name 
of  which  was  familiar  only  to  the  ear  of  the  chemist,  it  has  become 
an  article  known  and  appreciated  all  over  the  civilized  globe.  Those 
who  have  visited  the  Eastern  Annexe  must  have  been  struck  with 
the  extraordinary  beauty  of  the  specimens  of  paraffin  manufacture 
there  exhibited.  And  the  candles,  it  appears,  so  far  from  being 
costly  and  extravagant,  are  really  more  economical  than  nearly  any 
other  variety,  as  the  statement  of  experiments  upon  their  illuminating 
powers,  drawn  up  by  Dr.  Letheby,  and  already  given,  fully  proves. 
According  to  the  elaborate  photometric  experiments  carried  out  by 
Dr.  Letheby,  he  found  that  paraffin  candles  possess  a  far  greater 
illuminating  power  than  those  made  from  the  other  materials 
ordinarily  employed.  Thus  a  spermaceti  candle,  weighing  one- 
sixth  of  a  pound,  is  consumed  at  the  rate  of  132  grains  to  the  hour ; 
and  as  compared  with  the  standard  illuminating  power  of  a  candle 
burning  120  grains  per  hour,  its  equivalent  number  is  100.  Now, 
a  paraffin  candle  of  the  same  weight  is  burnt  at  the  rate  of  only  122 
grains  to  the  hour,  whilst  its  illuminating  power  is  equal  to  123, 
showing  an  illuminating  power  of  23  per  cent,  greater  than  sperma¬ 
ceti  ;  whilst,  as  compared  with  wax,  its  superiority  is  40  per  cent., 
and  no  less  than  58  per  cent,  greater  than  composite.  These  results 
need  no  comment  as  to  the  superiority  and  economy  of  paraffin. 

The  candles  made  by  the  various  manufacturers  are  frequently 
tinted  with  beautiful  colours,  among  which  may  be  recognized  many 
of  the  new  dyes  which  have  lately  excited  so  much  interest.  Col¬ 
oured  candles  of  older  date  generally  had  a  dull,  opaque  appearance, 
and  were  inferior  in  combustion  to  the  white,  owing  to  the  amount 
of  mineral  matter  employed  for  their  colorization.  The  colours  now 
used  are  principally  of  organic  origin,  and  consequently  do  not 
interfere  with  the  combustibility  of  the  caudle,  while  the  paraffin 
from  its  peculiar  translucency  is  capable  of  showing  the  various 
shades  of  colour  ta  their  full  advantage.  Fluted  candles  have 
become  fashionable  lately  in  the  houses  of  the  luxurious;  they 
certainly  have  a  very  pretty  appearance,  the  cup,  formed  by  the 
caudle  when  burning,  having  a  coronetted  shape.  On  the  Conti  - 
nent  it  is  common,  in  fancy  articles  of  this  description,  to  paint 
flowers,  heraldic  devices,  &c.,  upon  the  material  of  which  the  taper 
is  composed.  Paraffin  candles  are  always  moulded  in  the  same 
manner  as  those  of  spermaceti  and  stearic  acid ;  but  great  care  is 
required  in  obtaining  the  requisite  degree  of  temperature,  not  only 
for  their  extraction  from  the  moulds,  but  for  conferring  a  certain 
polish  which  greatly  enhances  their  brilliancy.* 

NIGHT  LIGHTS. — Night  lights,  or  mortars,  as  they  are  techni¬ 
cally  termed,  have  quite  superseded  the  rushlights  so  universally 
employed  a  few  years  ago.  The  present  night  light  is  a  diminutive 
thick  candle  about  one  inch  in  height,  having  a  very  small  wick, 
consisting  of  so  few  threads,  that  the  combustible  matter  will  supply 
it  with  fuel  for  from  six  to  ten  hours.  It  is  generally  encircled  in  a 
coloured  wrapper,  and  when  composed  of  the  softer  inflammable 
materials,  should  be  placed  in  a  shallow  vessel  containing  a  small 
quantity  of  water.  The  wick  is  ingeniously  inserted  into  a  small 
plate  of  metal  at  the  base  of  the  mortar,  which  prevents  its  falling 
sideways  when  the  composition  becomes  liquid.  Instead  of  the 
paper  wrapper,  capsules  of  gelatine  variously  coloured  are  sometimes 
adopted,  which  by  their  transparency  increase  the  illuminating 
*  See  p.  393. 


power  when  the  mortar  is  burning  low,  and  impart  a  very  softened 
pleasant  light. 

These  gelatine  capsules  have  lately  been  very  popular  for  the 
adornment  of  Christmas  trees,  and  are  certainly  safer  than  the  naked 
flame  of  the  small  taper  hitherto  in  use. 

Nearly  all  the  varieties  of  candles,  tinted  or  otherwise,  are  merely 
modifications  of  those  distinguished  above ;  some  of  the  cheaper 
kinds  being  mixtures  of  the  solid  oils  or  fats  with  the  manufactured 
stearic  acid.  Some  are  fantastically  designated  by  the  imagination 
of  the  maker.  Thus,  there  are  the  vegetable  wax,  the  alabasters, 
orientals,  composites,  gas  spermaceti,  starlights,  margarines,  &c. 

The  various  description  of  candles  above  alluded  to  have  been 
well  illustrated  at  the  Exhibition.  Messrs.  Barclay  &  Son  (Class  4, 
No.  910)  display  very  fine  specimens  of  sun-bleached  wax,  and 
candles  of  wax  and  paraffin. 

Messrs.  Brecknell,  Turner,  &  Sons  (912)  have  an  extensive 
assortment  of  candles ; 
besides  those  of  wax, 
spermaceti,  paraffin,  &c., 
they  have  succeeded  in 
producing  a  moulded 
wax  candle,  with  plaited 
wick  (the  usual  candle 
manufactured  from  that 
material  generally  hav¬ 
ing  twisted  cotton), 
which  will  doubtless 
possess  advantages. 

They  have  also  a  great 
variety  of  ingenious 
lamps,  Fig.  573 a;  one 
especially  may  be  no¬ 
ticed — a  hand  candle¬ 
stick,  with  a  registered 
glass  shade  of  peculiar 
form  which  prevents  the 
candles  guttering  when 
carried  about,  and  yet 
in  no  way  interferes 
With  their  illuminating  Breeknell  &  Turner’s  Candlestick, 

power. 

Clarke  (915)  has  a  fine  display  of  the  various  night-lights,  &c., 
now  so  universally  adopted. 

Messrs.  J.  C.  &  J.  Field  (918)  have  confined  themselves  entirely 
to  paraffin  candles.  They  originally  introduced  the  fluted  moulds, 
and  have  been  more  successful,  perhaps,  than  many  other  exhibitors, 
in  the  extraordinary  delicacy  of  the  colours  employed  in  tinting  the 
candles.  This  is  owing  to  their  adopting  the  various  dyes  made 
from  aniline,  which,  being  added  in  the  liquid  state,  do  not  inter¬ 
fere  with  the  translucency  of  the  paraffin.  As,  however,  most  of 
the  aniline  colours  are  insoluble  in  that  substance,  they  had  to  be 
previously  dissolved  in  a  compound  which  was  soluble  in  paraffin, 
and  difficulties  of  no  ordinary  nature  attended  their  successful  appli¬ 
cation.  Messrs.  Field  may  justly  be  considered  the  pioneers  in  the 
paraffin  candle  manufacture. 

Messrs.  Langton,  Bicknell,  &  Sons  (926)  produce,  perhaps,  the 
most  magnificent  specimens  of  spermaceti  ever  seen.  The  one  in 
the  centre  is  the  section  of  an  immense  block  resembling  a  cavern, 
entirely  coated  with  splendid  crystals,  some  of  them  exceeding  an 
inch  in  length.  Those  on  either  side — one  coloured  rose  pink,  and 
the  other  lemon  yellow — are  also  remarkably  fine.  These  samples 
must  certainly  be  regarded  as  triumphs  of  manufacturing  skill. 

936,  occupied  by  Messrs.  C.  Ogleby  &  Company,  the  well-known 
manufacturers  at  Lambeth,  is  interesting  from  the  great  variety 
displayed — wax,  spermaceti,  stearic  acid,  paraffin,  &c.,  condensing 
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in  one  case  of  no  very  great  dimensions  nearly  every  description. 
The  stearic  acid  candles  of  this  firm  are  produced  principally  by 
the  distillation  of  palm  oil  and  tallow,  and  are  remarkably  fine. 
Several  ingenious  devices,  modelled  from  the  raw  material,  serve  to 
adorn  the  Exhibition. 

Price’s  Patent  Candle  Company  (939),  as  might  be  expected  from 
the  magnitude  of  their  works,  have  a  very  striking  display.  Not 
only  are  the  candles  themselves  exhibited,  but  the  substances  from 
which  they  are  produced,  and  the  incidental  products  eliminated 
during  the  various  stages  of  manufacture.  Among  these  last  glyce¬ 
rine  is  the  most  important;  and  the  intelligent  manager  of  the  com¬ 
pany,  Mr.  George  Wilson,  has,  by  a  peculiar  process,  succeeded  in 
obtaining  this  product  in  a  state  of  chemical  purity.  The  formation 
of  glycerine  has  already  been  described,  but  it  may  be  further  men¬ 
tioned  that  when  that  substance  is  separated  during  the  saponifi¬ 
cation  of  fats,  &c.,  it  always  holds  in  solution  small  quantities  of 
butyric  acid,  imparting  a  faint  but  most  persistent  smell,  rendering 
it  entirely  useless  for  the  toilet.  The  colourless  and  inodorous 
glycerine  of  Messrs.  Price  is  now  sold  in  large  quantities;  and  may 
be  considered  a  new  element  in  manufacturing  industry.  The 
quantity  of  palm  oil  imported  by  this  company  is  enormous.  It  is 
subjected  to  distillation,  and  the  candles  are  made  from  the  distil- 
|  late.  Cocoa  nut  oil  is  also  largely  employed.  Fine  crystals  of 
palmitic  acid  and  a  variety  of  oils  are  exhibited,  as  well  as  the 
Belmontine  candles  (named  from  the  manufactory  at  Belmont, 
Vauxhall),  which  consist  of  paraffin,  derived  from  the  distillation 
of  Rangoon  tar. 

Messrs.  F.  Tucker  &  Company  (949)  have  a  superb  show  of 
wax  candles  of  all  sizes,  from  the  diminutive  taper  to  those  of  the 
gigantic  proportions  used  in  the  festivals  of  the  Roman  Catholic 
church.  Specimens  of  the  latter  are  beautifully  illuminated  at  the 
base,  in  tints  of  scarlet,  blue,  and  gold,  with  appropriate  inscriptions 
encircling  the  candle.  There  are  samples  of  bleached  tallow  of 
perfect  whiteness— a  product  for  which  the  house  of  Messrs.  Tucker 
j  is  famous. 

Mr.  James  Young  (632),  previously  mentioned  as  one  of  the  first 
successful  manufacturers  of  paraffin  on  a  large  scale,  has  a  block 
of  that  substance  weighing  many  hundred  pounds,  as  well  as  speci¬ 
mens  of  the  bituminous  coal  from  which  it  was  derived.  This  novel 
product  cannot  fail  to  impress  the  beholder  with  the  wonders  that 
science  has  effected,  in  the  elimination,  in  such  large  quantities,  of  a 
body  comparatively  unknown  previously  to  the  last  few  years. 

The  French  exhibitors  of  wax,  spermaceti,  stearic  acid,  &c.,  and 
the  candles  manufactured  from  those  substances,  are  very  numerous 
and  successful,  and  fully  demonstrate,  from  the  samples  displayed 
that  every  advantage  has  been  taken  of  the  recent  developments  of 
science  in  this  particular  branch.  Our  space,  unfortunately,  will 
only  allow  us  a  glance  at  some  of  the  more  prominent  manufac¬ 
turers.  Among  these  may  be  mentioned  M.  Cusinberche  of  Paris, 
remarkable  for  his  stearic  and  oleic  acids.  MM.  Leroy  & 
Durand,  and  MM.  Tremeau  &  Maleval  have  also  a  very  fine  col¬ 
lection  ;  while  MM.  Gaillard  of  Paris,  Bureau  of  Bordeaux,  Autran 
of  Paris,  and  Faulquier-Cadet  &  Company  of  Montpellier,  exhibit 
candles  of  the  highest  perfection.  MM.  Cahouot  &  Morane  have 
an  interesting  variety  of  the  various  descriptions  of  moulds,  &c., 
employed  in  the  manufacture. 

Belgium  is  very  rich  in  its  display  of  stearic  acid.  Several  mag¬ 
nificent  blocks  of  this  substance,  moulded  in  the  form  of  columns, 
pedestals,  &c.,  are  striking.  MM.  De  Curte,  Roubaix  Jenar,  and 
Roubaix  QEdenkoven  are  the  principal.  The  productions  of  M.  De 
Moor  are  interesting,  as  the  candles  and  oleic  acid  are  derived  from 
the  waters  in  which  wool  has  been  cleansed  by  soap,  the  soluble 
stearate  and  oleate  being  decomposed  by  sulphuric  acid,  and  the 
fats  economized. 

PAINTS,  &c. — The  employment  of  paints  for  preservation,  de¬ 


coration,  and  fine  art,  has  been  general  from  a  very  early  period ; 
and  whatever  scientific  knowledge  was  possessed  by  the  ancients 
respecting  the  substances  they  used,  it  is  certain  that  they  under¬ 
stood  the  art  of  compounding  colours  and  dye  of  great  brilliancy 
and  permanence,  some  of  which  are  unknown  in  the  present  day. 
The  preparation  of  paints  is  theoretically  a  simple  matter ;  but  to 
carry  it  out  successfully  a  considerable  amount  of  practical  know¬ 
ledge  is  required.  Paints  may  be  conveniently  divided  into  three 
classes,  viz.,  those  used  for  tire  ordinary  purposes  of  house  decora¬ 
tion  and  preservation ;  those  adapted  to  glass  and  porcelain  painting, 
or  vitreous  paints;  and  artists’  colours.  These  different  classes 
differ  as  much  in  degree  or  quality  as  in  material,  the  artists’ 
colours  generally  being  the  most  costly ;  whilst  those  only  which 
will  bear  the  heat  of  the  oven  without  decomposition,  are  adapted 
for  vitreous  paints. 

Specimens  illustrating  the  manufacture  of  each  of  these  three 
classes  are  abundant  in  the  Exhibition,  and  form  a  very  striking 
feature  among  the  numerous  other  products  of  manufacturing  skill. 

Taking  the  colours  in  the  order,  White,  Yellow,  Red,  Blue,  and 
Green,  the  most  important  of  the  white  paints  are  flake-white,  the 
different  white  leads,  and  zinc-white.  Flake-white  is  a  basic  car¬ 
bonate  of  lead,  and  is  prepared  by  exposing  plates  of  lead  to  the 
action  of  acetic  acid  vapour  and  atmospheric  air,  in  beds  of  ferment¬ 
ing  material  which  supply  the  carbonic  acid.  The  metal  by  the 
combined  influence  of  oxygen,  carbonic,  and  acetic  acids,  is  gradu¬ 
ally  converted  into  the  carbonate,  or  more  correctly  speaking,  into 
a  definite  compound  of  the  carbonate  and  the  oxide.  The  action 
will  be  better  understood  after  the  description  of  another  process 
for  making  the  same  material.  This  method  is  based  upon  the 
power,  which  neutral  acetate  of  lead  possesses,  of  taking  up  a  fresh 
portion  of  oxide  of  lead,  and  thus  forming  a  basic  salt.  This  excess 
of  base  can  be  then  readily  thrown  down  by  passing  a  stream  of 
carbonic  acid  through  the  solution.  The  following  is  an  outline  of 
the  operation,  for  which  a  patent  has  recently  been  granted : — 

An  ore  of  lead,  or  carbonate  of  lead,  is  calcined  at  a  low  tem¬ 
perature,  by  which,  among  other  products,  oxide  of  lead  is  formed. 
This  is  digested  with  the  neutral  acetate  (sugar  of  lead)  in  solution, 
by  which  means  the  oxide  is  dissolved.  The  liquid  is  decanted 
from  the  residual  mass,  and  carbonic  acid,  generated  by  any  suit¬ 
able  means,  is  passed  through  it.  After  the  separation  of  the  pre¬ 
cipitate,  neutral  acetate  of  lead  still  remains  in  solution,  and  is  again 
capable  of  dissolving  a  further  quantity  of  the  oxide.  The  advan¬ 
tages  of  this  method  are  not  only  that  ores  containing  a  small  per 
centage  of  lead  can  be  employed,  but  also  that  the  acetate  of  lead 
simply  dissolves  the  oxide ;  aud  oxide  of  iron,  and  other  matters 
that  would  tend  to  injure  the  purity  of  the  white,  are  unaffected, 
which  is  not  the  case  when  acetic  acid  is  used.  The  acetate  of 
lead  in  this  method  simply  acts  the  part  of  a  carrier  between  the 
oxide  in  the  ore  and  the  carbonic  acid,  a  principle  which  is  sometimes 
made  use  of  in  the  arts  with  great  advantage.  In  the  old  method 
of  manufacture,  where  the  crates  of  metallic  lead  are  employed,  the 
metal  is  probably  first  converted  into  basic  acetate,  which  is  decom¬ 
posed  by  the  carbonic  acid  from  the  fermenting  substances  in  the 
immediate  neighbourhood. 

Another  white  pigment  is  the  article  sold  under  the  name  of  oxy¬ 
chloride  of  lead,  for  which  a  patent  was  taken  out  by  Mr.  Pattinson. 
Specimens  of  this  compound  are  exhibited  by  Mr.  Bell,  the  manu¬ 
facturer.  The  method  of  preparation,  as  now  carried  out  by  the 
proprietors,  is  the  treatment  of  an  ore  of  lead — such  as  the  sulphide, 
after  calcination — with  hydrochloric  acid,  and  washing  the  resulting 
chloride  of  lead  with  cold  water,  for  the  purpose  of  removing  any 
iron,  manganese,  or  other  metal  which  would  interfere  with  the 
colour.  The  chloride  of  lime  is  then  dissolved  in  hot  water,  aud 
decanted  from  sand  and  other  insoluble  matters,  and  lime  water 
added  to  the  solution  in  such  proportion,  that  the  whole  of  the  salt 
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is  not  decomposed,  but  a  compound  of  the  chloride  and  oxide  is 
precipitated.  This  oxychloride  is  beautifully  white,  and  is  said  to 
possess  great  denseness  or  body.  Other  white  lead  paints  are  sold 
under  a  variety  of  names,  such  as  Krems  white,  Loudon  and  Notting¬ 
ham  whites,  Roman  white,  &c.,  all  of  which  are  more  or  less  identical. 
The  white  lead  paints  as  a  whole  are  remarkable  for  the  great  body 
they  possess,  but  are  very  frequently  adulterated  with  cheaper  and 
inferior  substances.  The  chief  drawback  to  the  employment  of 
these  pigments,  is  the  action  which  sulphuretted  hydrogen  exerts 
upon  them.  This  noxious  gas,  which  is  constantly  being  evolved 
wherever  vegetable  or  animal  substances  are  in  a  state  of  decom¬ 
position,  converts  the  white  carbonate  into  the  brown  or  brownish 
black  sulphide,  and  hence  it  is  found  that  discoloration  always  takes 
place  after  a  time. 

ZINC  WHITE.— Zinc  white  is  an  oxide  of  zinc,  prepared  by  roast¬ 
ing  the  carbonate  at  a  moderate  temperature ;  carbonic  acid  is 
expelled,  and  the  oxide  remains.  Or  an  ore  of  zinc  may  be  mixed 
with  coal  or  other  reducing  matter,  and  heated  with  access  of  air, 
the  metal  is  oxidized  during  its  volatilization,  and  the  oxide  is  con¬ 
densed  in  a  suitable  apparatus.  Zinc  paints  are  not  discoloured  by 
sulphureted  hydrogen,  the  sulphide  of  zinc  being  itself  white,  and 
in  this  respect  it  claims  an  advantage  over  the  lead  paint ;  but, 
on  the  other  hand,  it  does  not  possess  so  much  body,  and  hence  has 
been  strongly  objected  to  by  many  in  the  trade.  The  body  is  said 
to  be  increased  by  using  a  smaller  proportion  of  oil  and  turpentine 
for  mixing,  so  much  so,  that  when  the  proper  quantities  are  made 
use  of,  and  the  paint  applied  in  as  stiff  a  condition  as  possible,  the 
density  and  general  appearance  almost  rival  the  lead  compound. 
It  is  also  far  less  poisonous  both  to  the  manufacturer  and  the  painter 
than  white  lead,  and  for  this  reason,  no  doubt, will  be  very  extensively 
employed. 

Sulphate  of  baryta  is  sometimes  used  as  a  pigment,  but  chiefly 
for  adulterating  the  white  leads,  or  modifying  the  colour  of  other 
paints.  It  is  generally  prepared  by  precipitating  the  soluble  salts 
of  baryta  by  sulphuric  acid  or  a  sulphate.  It  is  perfectly  white, 
and  is  used  as  a  water  colour  by  artists.  Sulphate  of  lead  is  pre¬ 
pared  by  adding  sulphuric  acid  to  the  soluble  salts  of  lead.  At 
times  it  can  be  obtained  in  sufficient  purity  by  calcining  the  native 
sulphide.  It  is  often  found  as  an  impurity  in  the  white  leads,  and 
has  not  nearly  so  much  body  as  those  compounds. 

YELLOWS. — The  chief  of  the  common  yellow  paints  are  the 
chromates  of  lead,  orpiment  or  king’s  yellow,  and  the  yellow  ochres. 

The  chromates  of  lead,  which  vary  in  colour  from  pale  yellow  to 
deep  orange,  are  prepared  by  precipitating  salts  of  lead  by  chromate 
or  bichromate  of  potash,  the  colour  being  modified  as  the  base  or 
acid  predominates.  When  bichromate  of  potash  is  added  to  a 
solution  of  acetate  of  lead,  a  bright  yellow  powder  is  precipitated 
which  consists  of  the  pure  chromate.  This  mixed  with  sulphate  of 
lime  gives  a  compound  of  a  paler  tint;  the  sulphate  is  said  to  enhance 
its  brilliancy.  To  insure  great  uniformity,  it  is  preferable  to  pre¬ 
cipitate  the  lead  salt  by  mixed  solutions  of  the  chromate  and  sulphate 
of  potash,  when  the  yellow  and  white  powders  are  very  intimately 
blended.  When  neutral  chromate  of  lead  is  heated  with  solution 
of  an  alkali  or  an  alkaline  earth  it  is  partially  decomposed,  and  a 
dichromate  is  produced,  which  forms  the  basis  of  the  various  orange 
chromes  of  darker  or  lighter  tint. 

Orpiment,  a  sulphuret  of  arsenic,  or  king’s  yellow,  may  be  obtained 
by  adding  a  solution  of  arsenious  acid  to  an  alkaline  sulphide,  and 
precipitating  by  hydrochloric  acid.  It  is  very  poisonous,  and  is  not 
used  to  any  great  extent. 

TURNER’S  YELLOW. — An  oxychloride  of  lead  has  been  manu¬ 
factured  under  this  name,  by  heating  together  sal  ammoniac  and 
litharge. 

YELLOW  OCHRES. — The  ochres  are  natural  products,  and  consist 
of  earthy  matters,  as  alumina,  silica,  lime,  &c.,  or  coloured  by 


hydrated,  peroxide  of  iron,  and  occasionally  protoxide.  The  pure 
peroxide  of  iron  would  be  of  a  red  or  brown  colour,  but  the  earthy- 
matters  tend  to  modify  the  tint.  The  colours  are  well  adapted 
for  the  common  purposes  of  painting,  being  good  and  durable. 

REDS. — The  chief  red  pigments  are  red  lead,  the  chrome  reds, 
the  red  ochres,  the  various  peroxides  of  iron,  rose  pink,  &c. 

Red  lead  {Minium),  of  which  very  brilliant  specimens  are  ex¬ 
hibited,  is  prepared  by  heating  metallic  lead  or  its  oxide  in  a  current 
of  air.  Very  great  care  is  required  to  insure  a  proper  temperature. 
Another  method  consists  in  calcining  the  carbonate  (white  lead)  in 
a  muffle,  by  which  means  a  very  excellent  scarlet  is  obtained.  Red 
lead  is  much  employed  in  ordinary  painting,  and  is  slightly  discol¬ 
oured  after  the  lapse  of  time,  by  the  presence  of  minute  traces  of 
sulphureted  hydrogen. 

A  fine  deep  red  may  be  prepared  from  chrome  yellow,  by  the 
action  of  alkaline  solutions.  When  the  decomposition  is  not  carried 
sufficiently  far,  there  is  always  a  decided  orange  tint. 

The  Chinese  and  Persian  reds  are  modifications  of  this  compound,  , 
and,  by  a  peculiar  skill  in  manufacture,  almost  rival  vermilion  in 
brilliancy  and  intensity  of  colour. 

The  ochres  and  peroxides  of  iron  are  sold  under  a  variety  of 
names,  as  Venetian,  English,  Prussian,  Indian  reds,  colcothar, 
purple,  brown,  &c.  Of  these  some  are  artificially  prepared,  and 
others  are  natural  productions,  of  which  certain  districts  yield  large 
quantities.  The  Forest  of  Dean  abounds  with  veins  of  variously 
coloured  oxides  of  iron.  Some  of  the  others  become  of  a  brighter 
tint  after  calcination,  owing  to  the  conversion  of  the  protoxide  into 
the  sesquioxide  of  iron. 

BLUES. — The  chief  blue  pigments  in  common  use  are  the  Prus¬ 
sian  blues,  which  comprise  Chinese  blue,  pure  blue,  celestial  and 
Antwerp  blue,  &c.,  names  given  by  the  manufacturers  to  their  own 
special  shade  of  colour.  The  Prussian  blues  are  prepared  by  pre¬ 
cipitating  the  salts  of  iron  by  the  ferrocyanide  of  potassium  (yellow 
prussiate  of  potash).  The  different  modes  of  oxidizing  the  iron 
salts  produce,  to  a  great  extent,  the  variety  of  colour.  Salts  of  the 
protoxide  of  iron,  with  yellow  prussiate  of  potash,  give  almost  white 
precipitates,  which  absorb  oxygen,  rapidly  becoming  greenish  or  blue, 
whilst  the  salts  of  the  peroxide  of  iron  give,  with  the  same  reagent, 
a  very  deep  colour.  Mixtures  of  the  two  give  modifications  of  any 
required  tint,  according  to  the  proportion  of  each.  Liebig  recom¬ 
mends  the  following  method  for  the  production  of  Prussian  blue. 

A  portion  of  green  sulphate  of  iron  is  divided  into  two  equal  parts, 
one  part  is  to  be  completely  oxidized  by  means  of  chloride  of  lime ; 
the  two  portions  are  then  mixed  together,  and  prussiate  of  potash 
added.  After  exposure  to  the  air  for  some  time,  a  very  fine  pro¬ 
duct  is  obtained. 

The  finer  kinds  of  cobalt  blue  will  be  described  under  the  head  of 
artists’  colours;  but  a  very  beautiful  and  at  the  same  time  econo¬ 
mical  paint  known  as  smalts,  and  which  has  extensive  application 
in  the  arts,  is  prepared  by  fusing  oxide  of  cobalt  with  glass,  and 
grinding  the  fused  mass  to  an  impalpable  powder. 

Blue  verditer  is  a  basic  carbonate  of  copper. 

GREENS. — The  next  in  order  are  the  green  paints,  the  chief  of 
which  used  for  decoration  are  the  Brunswick  and  emerald  greens. 

The  original  Brunswick  green,  was  an  oxychloride  of  copper  obtained 
by  exposing  strips  of  the  metal  to  hydrochloric  acid  and  air,  when 
the  basic  salt  was  slowly  produced ;  or  by  precipitating  the  chloride  of 
copper  with  an  insufficient  quantity  of  alkali  to  effect  complete  decom¬ 
position.  The  present  Brunswick  greens,  however,  are  nearly  all 
mixtures  of  blue  and  yellow  pigments,  the  purity  of  tint  depending  to  a 
great  extent  upon  the  intimate  admixture  of  the  ingredients.  The 
colour  is  frequently  prepared  by  suspending  finely  divided  Prussian 
blue  in  a  solution  of  a  lead  salt,  and  adding  bichromate  of  potash, 
when  the  precipitated  chromate  of  lead,  uniting  mechanically  with 
the  blue,  forms  the  green  pigment.  It  is  obvious  that  any  desired 
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shade  may  be  prepared  in  this  manner,  by  adding  either  an  excess 
of  blue  or  yellow. 

EMERALD  GREEN,  an  arsenite  of  copper,  which  has  given  rise  to 
60  much  discussion  of  late  years,  is  prepared  by  precipitating  a  salt  of 
copper  with  arsenite  of  potash  or  soda.  It  is  an  exceedingly  beau¬ 
tiful  colour,  and  is  little  affected  by  the  atmosphere,  and  hence  has 
become  very  popular  as  a  pigment,  and  much  used  for  the  colo¬ 
ration  of  paper-hangings,  artificial  leaves,  &c.  It  is  exceedingly 
poisonous,  a  very  small  quantity  exciting  dizziness,  sore  throat,  and 
other  unpleasant  symptoms.  As  far  as  regards  the  paper-hanging 
question,  it  seems  on  examination  that  all  the  superior  kinds  of 
paper  are  glazed,  and  hence  the  poisonous  powder  is  hermetically 
sealed.  The  flock  of  the  paper  contains  no  arsenic,  being  generally 
coloured  by  a  mixture  of  chromate  of  lead  and  Prussian  blue. 
Certain  cheap  papers  contain  the  arsenite  of  copper,  unprotected  by 
any  glaze  whatever,  and  the  powder,  by  the  least  agitation,  may  be 
scattered  about  the  apartment,  and  cause  most  fearful  consequences. 

Another  and  more  expensive  green,  which  is  also  used  for  paper 
hangings  and  other  household  decorations,  is  the  chrome  green. 
This  is  a  sesquioxide  of  chromium,  and  may  be  prepared  by  igniting 
a  mixture  of  bichromate  of  potash  and  starch,  and  washing  out  the 
carbonate  of  potash  formed  in  the  decomposition.  It  is  a  very 
beautiful  colour  and  is  permanent. 

BROWNS. — The  brown  pigments  are  principally  the  ochres,  con¬ 
sisting  essentially  of  the  oxides  of  iron  combined  with  oxide  of 
manganese,  clay,  &c. 

BLACKS. — The  blacks  are  chiefly  formed  from  the  decomposition 
of  animal  matter,  and  are  known  as  ivory  or  bone  black.  Very 
large  quantities  of  these  compounds  are  consumed  in  the  manufac¬ 
ture  of  blacking. 

VITREOUS  PAINTS.  —  In  addition  to  the  foregoing  pigments, 
which  are  adapted  to  all  common  purposes,  the  artists’  colours, 
of  which  tire  vitreous  paints  form  a  branch,  consist  of  fine  prepara¬ 
tions,  many  of  which  are  too  costly  for  ordinary  application.  For 
essentially  vitreous  paints,  or  those  adapted  to  enamel  and  porce¬ 
lain  painting,  as  well  as  glass- staining,  those  only  can  be  employed 
which  are  to  a  great  extent  unchanged  by  the  action  of  a  very 
elevated  temperature.  The  paints  generally  consist  of  coloured 
metallic  oxides,  earths,  &c.,  mixed  and  ground  up  with  different 
glasses  that  serve  as  fluxes.  A  description  of  the  method  of  apply¬ 
ing  colour  to  porcelain,  &c.,  does  not  come  within  the  province  of 
this  article,  which  is  confined  to  the  paint  materials  themselves, 
and  these  are  to  a  great  extent  the  same,  whether  used  for  com¬ 
moner  purposes,  or  the  more  delicate  and  artistic  colouring  of  the 
higher  qualities  of  painted  porcelain.  The  difficulties  and  discourage¬ 
ments,  which  artists  have  to  contend  with  in  painting  on  glass  or 
earthenware,  are  sufficiently  manifest,  when  we  reflect  that  the 
article,  after  receiving  the  coloured  design,  has  to  be  again  baked 
at  a  considerable  heat,  by  which  the  colours  are  burned  into  the 
glaze  ;  and  many  by  this  process  are  entirely  altered. 

Among  the  class  of  colours  principally  used  in  this  branch  of 
manufacture  are,  for  the  whites,  tin  white,  zinc  white,  pearl  white, 
and  constant  white.  The  first  of  these  is  a  binoxide  of  tin,  and  is 
prepared  by  acting  on  metallic  tin  by  nitric  acid.  The  product, 
after  ignition,  is  a  yellowish  white  powder,  insoluble  in  water  and 
acids.  Constant  white  (sulphate  of  baryta)  and  zinc  white  have 
already  been  described. 

Among  the  yellows,  oxide  of  uranium  is  much  esteemed  for 
the  beautiful  shade  it  produces.  Naples  yellow,  a  compound  of 
oxide  of  lead  with  oxide  of  antimony,  and  a  pale  lemon  colour 
obtained  by  mixing  intimately  compounds  of  antimony  and  zinc, 
are  also  much  in  vogue. 

The  red  pigments  which  stand  heat,  are  chiefly  the  oxides  of  iron 
prepared  by  heating  the  sulphate  to  different  degrees  of  temperature. 
Beautiful  light  reds  may  be  obtained  by  employing  small  quantities 


of  these  in  glass-staining.  Purple  of  cassius,  a  compound  of  oxide 
of  gold  with  peroxide  of  tin,  has  long  been  famous  for  the  splendid 
purple  red  it  imparts. 

Oxide  of  cobalt  is  especially  used  for  the  different  varieties  of 
blue.  It  is  indispensable  that  the  compound  be  very  carefully  pre¬ 
pared,  and  quite  free  from  the  many  metals  with  which  it  is  found 
associated  in  nature,  as  the  least  trace  of  impurity  dims  the  colour 
to  an  extraordinary  degree.  A  beautiful  light  blue,  consisting  of 
alumina,  oxide  of  zinc,  and  oxide  of  cobalt,  is  also  extensively 
employed. 

The  chief  brown  paints  are  the  peroxide  of  iron,  haematite, 
ochres,  &c.  The  different  shades  are  obtained,  as  in  the  case  of 
the  reds,  by  the  degree  of  heat  employed  in  the  calcination.  Oxide 
of  zinc  is  often  mixed  with  the  iron  compounds,  for  the  purpose  of 
modifying  the  shade. 

A  green  colour  may  be  prepared  from  the  oxide  of  copper,  but  a 
richer  tint,  perhaps,  is  obtained  by  the  use  of  the  sesquioxide  of 
chromium  already  described.  A  green,  known  as  Riumans,  consists 
of  oxide  of  cobalt  and  oxide  of  zinc. 

The  sesquioxide  of  iridium  and  the  oxide  of  vanadium  give  very 
fine  blacks.  A  good  grey  may  be  prepared  by  mixing  either  of 
these  pigments  with  oxide  of  zinc. 

ARTISTS’  COLOURS. — The  paints  which  are  especially  considered 
as  artists’  colours,  are  fine  preparations  of  some  of  those  that 
have  been  previously  described,  together  with  others  which  may  be 
briefly  considered.  The  various  lakes  are  generally  prepared  by 
throwing  down  the  colouring  matter  of  certain  plants  by  alumina  or 
oxide  of  tin. 

Alum  or  sulphate  of  alumina,  is  mixed  with  a  solution  of  the 
dye,  and  caustic  alkali  is  added,  which  precipitates  the  alumina  as 
a  bulky  gelatinous  mass.  The  carmines  are  very  analogous  to  the 
lakes ;  oxide  of  tin,  in  place  of  alumina,  being  generally  employed  in 
their  preparation.  Visitors  to  the  Eastern  Annexd  must  have  noticed 
the  brilliant  display  of  these  and  other  colours  exhibited  by  the  several 
houses  of  Reeves,  Rowney,  Windsor,  Newton,  &c.  In  the  prepara¬ 
tion  of  paint  materials  comparatively  little  alteration  or  improvement 
has  been  made  during  the  last  ten  years,  or  even  perhaps  for  a  longer 
period,  although  occasionally  new  colours  are  added  to  the  already 
extensive  list.  Since  the  Exhibition  of  1851,  colouring  matters  from 
guano  have  been  introduced  to  a  limited  extent,  and  some  of  these 
of  an  orange  colour  are  exhibited  by  the  Messrs.  Reeves,  under  the 
head  of  “  pure  orange but  their  character  for  permanence  has 
not  been  sufficiently  proved.  Attempts  have  been  made  to  adapt 
the  beautiful  dyes  recently  obtained  from  coal  tar,  as  pigments,  in 
the  same  way  as  the  madder  colours,  viz.,  by  precipitation  as  lakes 
on  a  base  such  as  alumina  or  oxide  of  tin.  Paint  from  this  source 
consisting  of  the  principal  aniline  colours,  as  marine,  magenta,  &c., 
are  exhibited  by  English  and  foreign  manufacturers,  and  it  is  to  be 
hoped  that  their  character  for  permanence,  as  well  as  brilliancy,  will 
be  speedily  fully  established.  An  orange  colour  (Chinese  orange) 
has  been  prepared  by  the  Messrs.  Rowney  from  aniline,  which  is 
said  to  be  permanent.  The  colour  is  precipitated  on  to  a  zinc  base, 
and  is  very  bright.  Caerulcum  and  Veronese  green  are  two  new 
colours  introduced  by  this  firm.  The  cseruleum  is  a  cobalt  blue 
colour,  and  the  green  is  a  compound  of  chromium. 

The  artists’  reds  are  the  vermilion  and  iodide  of  mercury.  The 
former,  a  bisulphide  of  mercury,  is  bright  and  permanent ;  the  latter 
of  a  most  intense  and  beautiful  scarlet,  turns  yellow  by  the  action 
of  heat,  and  has  hitherto  been  considered  too  fugitive  for  artists’ 
use.  Messrs.  Rowney  prepare  it  by  mixing  it  with  albumen,  and 
subjecting  it  for  some  time  to  a  temperature  of  212°,  which  is  a  great 
improvement. 

In  addition  to  the  Prussian  blues  there  are  ultramarine,  indigo, 
and  the  cobalt  compounds.  Ultramarine  was  formerly  prepared 
solely  from  the  beautiful  blue  mineral,  lapis  lazuli;  but  it  is  now 
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artificially  manufactured  in  large  quantity,  principally  in  France  and 
Germany,  these  countries  exhibiting  very  fine  specimens.  Lapis 
lazuli  being  a  comparatively  rare  mineral  (though,  associated  with 
carbonate  of  lime,  it  has  recently  been  discovered  in  immense 
quantities  in  Chili),  the  price  of  ultramarine  was  very  high;  the 
artificially  prepared  compound  is  quite  equal  in  brilliancy,  and 
scarcely  one-twentieth  of  the  price.  The  production  of  this 
paint  may  be  regarded  as  one  of  the  most  striking  instances  of 
chemical  synthesis  with  which  we  are  acquainted.  The  consti¬ 
tuents  of  ultramarine  are  colourless,  and  it  is  still  doubtful  from 
whence  the  charming  tint  is  derived.  A  careful  analysis  of  the 
mineral  showed  that  it  contained  silica,  alumina,  lime,  soda, ‘with 
traces  of  sulphur  and  iron.  These  ingredients  were  intimately 
blended  together  and  exposed  to  a  high  temperature  for  some  time, 
when  a  blue  mass  was  obtained.  The  process  is  exceedingly  deli¬ 
cate,  and  requires  great  practice  to  insure  a  successful  result.  There 
can  be  little  doubt  that  the  presence  of  sulphur  and  sodium,  in  minute 
proportions,  is  essential  for  the  formation  of  the  colour,  but  much 
obscurity  concerning  the  exact  nature  of  the  compound  still  exists. 

The  cobalt  blue,  kuown  sometimes  as  “  Thenard’s”  blue,  is  a 
phosphate  of  cobalt  and  alumina.  A  solution  of  alum  and  a  cobalt 
salt,  precipitated  by  an  alkaline  phosphate,  yields  this  compound. 

Many  of  the  greens  are  merely  mechanical  mixtures  of  blue  and 
yellow  pigments ;  but  the  chrome  green  and  the  arsenite  of  copper 
(emerald  green)  are  found  in  the  colour  box  of  the  artist. 

The  exhibition  of  all  varieties  of  colours,  both  in  the  British  and 
Foreign  departments,  is  particularly  fine.  Messrs.  Rowney  &  Com¬ 
pany  (No.  591)  have  a  beautiful  collection  of  artists’  colours,  com¬ 
prising  many  gorgeous  yellows  and  delicate  blues.  Messrs.  Win- 
sor  and  Newton  (627)  exhibit  some  splendid  lakes,  Persian  and 
Chinese  reds,  ultramarine  and  cadmium  orange,  and  many  new 
shades  of  colour  prepared  from  the  compounds  of  cobalt.  Some 
of  the  scarlets  are  remarkable  for  their  great  brilliancy.  Messrs. 
Mockford  of  Mincing  Lane  (569),  have  a  very  fine  collection, 
including  a  variety  of  beautiful  greens.  Messrs.  Roberts,  Dale,  & 
Company  of  Manchester,  display  some  of  the  new  aniline  colours, 
besides  many  other  pure  and  rich  pigments.  Messrs.  Reeves  & 
Sons  (586)  fully  establish  their  reputation  by  the  brightness  and 
purity  of  artists’  paints.  Dawson  of  Huddersfield  exhibits  magenta 
powder,  having  the  exact  colour  of  the  well-known  dye  which 
goes  by  that  name,  and  approaches  some  of  the  finest  lakes  in 
intensity  of  shade. 

France  is  especially  celebrated  for  the  production  of  ultramarine, 
masses  of  which  (some  weighing  many  pounds)  are  exhibited.  All 
the  specimens  are  so  excellent  that  we  will  merely  mention  the  names 
of  the  principal  exhibitors  —  MM.  Richter  of  Lille  (126),  Dor- 
nemann  (127),  Chapus  (No.  128),  Gautier-Bouchard  (132),  Des- 
champs  (160),  Bertrand  (165),  Guimet  (176),  and  Armet  de  Lisle 
(196).  The  various  carmines  and  lakes  are  also  exceedingly  well 
illustrated  in  the  French  department  by  MM.  Missier  (179),  Lange 
Desmoulin  (180),  Jacques  Sauce  (186),  Ferrand  (213),  and  Schoen 
&  Reuter  (211).  M.  Bezangon  (212)  has  some  splendid  samples  of 
white  lead,  and  M.  Latry  (216)  of  oxide  of  zinc. 

From  Belgium,  M.  Brasseur  (39)  has  specimens  of  ultramarine 
and  white  lead. 

From  Austria,  the  white  leads  of  M.  Diez  (98),  Herbert  (106), 
and  the  ultramarine  of  Setzer  (154),  are  very  excellent. 

M.  Meyer,  in  the  Bavarian  Department  (154),  has  some  remark¬ 
able  specimens  of  chrome  green.  The  inventor  states  that  this 
substance  is  prepared  by  carefully  heating  a  mixture  of  boracic 
acid  and  bichromate  of  potash.  Borate  of  potash  and  oxide  of 
chromium  are  formed,  but  a  small  quantity  of  boracic  acid  remains 
iu  combination  with  the  oxide,  probably  as  a  sesquiborate  of 
chromium.  The  colour  is  very  fine,  and  is  peculiarly  adapted  for 
paper-hangings,  &c.  The  importance  of  this  paint  cannot  be  over¬ 


estimated,  as,  in  all  probability,  it  must  in  course  of  time  entirely 
supersede  the  employment  of  the  poisonous  arsenite  of  copper. 
Want  of  brilliancy  has  hitherto  been  the  chief  objection  to  chrome- 
green,  a  defect  which  the  improvement  of  M.  Meyer  has  overcome. 
The  ultramarine  and  Prussian  blues  of  M.  Adam  (148),  in  this 
class,  deserve  especial  mention. 

In  the  Grand  Duchy  of  Hesse,  the  ultramarines  of  MM.  Blau- 
farbwerk  and  Buechner  are  also  very  fine. 

VARNISHES. — The  various  descriptions  of  varnish  have  under¬ 
gone  considerable  modification  and  improvement  during  the  last 
few  years,  not  only  on  account  of  the  various  scientific  methods 
adopted  for  the  purification  of  the  crude  articles  employed  in  their 
manufacture,  but  also  by  the  discovery  of  many  new  and  important 
gum-resins.  There  are  many  beautiful  varieties  of  varnish  in  the 
Exhibition. 

Messrs.  Blundell,  Spence,  &  Company  (478),  and  W.  Naylor  (572) 
display  numerous  gums  as  well  as  manufactured  products.  J.  Rea 
(584)  has  some  fine  samples  of  shellac,  copal,  and  animde.  Wallis 
of  Long  Acre  (616),  and  Messrs.  Wilkinson,  Heywoods,  &  Company, 
of  Battle  Bridge  (623),  besides  their  varnishes  and  colours,  have  an 
extensive  series  of  the  various  oxidized  or  dyeing  oils. 

Dr.  Martius  of  Bavaria  (155),  exhibits  some  very  interesting 
specimens  of  gum  copal,  both  in  a  solid  state  and  in  solution. 

The  numerous  samples  from  France  and  Belgium  are  also  very 
important. 

ARTIFICIAL  ESSENCES.— The  subject  of  artificial  essences  has 
attracted  much  attention  of  late  years ;  and  as  the  study  of  organic 
chemistry  is  at  the  present  time  making  such  rapid  progress,  many 
of  the  beautiful  and  fragrant  odours,  at  present  known  only  in 
natural  productions,  will  probably  be  manufactured  in  the  labora¬ 
tory.  The  bouquet  of  wines,  the  flavour  of  fruits,  and  the  peculiar 
taste  and  smell  by  which  we  distinguish  one  class  of  spirit  or  liqueur 
from  another,  depend  upon  the  presence  of  certain  ethers  in  very 
minute  and  almost  imperceptible  quantity.  As  so  much  has  already 
been  accomplished,  it  is  not  too  much  to  expect  that  the  peculiar 
qualities  of  many  of  the  rare  and  costly  wines  may  be  successfully 
imitated,  as  well  as  the  flavour  of  fruits  and  the  scent  of  flowers. 
The  following  list  comprises  the  principal  essences  which  have 
already  been  adopted  : — 

The  essential  oils  of  juniper,  coriander,  angelica,  and  bitter 
almonds,  mixed  in  very  small  quantities  with  alcohol  of  the  requisite 
strength,  form  essence  of  London  gin. 

Essence  of  Cognac  brandy  consists  of  pelargonic  ether,  tincture 
of  vanilla,  oil  of  almonds,  and  sweet  spirits  of  nitre. 

Essence  of  whisky  consists  of  oil  of  cedar,  with  a  very  small 
quantity  of  kreosote,  which  imparts  the  peculiar  smoky  flavour  so 
much  admired  in  many  of  the  Scotch  whiskies. 

Essence  of  Jamaica  rum  may  be  prepared  by  mixing  butyric 
ether,  nerole,  and  bergamot. 

A  large  class  of  compounds  for  confectionary  purposes  is  also 
manufactured  by  a  careful  admixture  of  the  essential  oils,  and  some¬ 
times  of  the  ethers. 

Pine  apple  essence  consists  of  the  oil  of  lemon  and  orange,  with 
butyric  ether. 

Essence  of  jargonelle  pear  is  the  acetate  of  oxide  of  amyl,  and 
is  prepared  by  distilling  a  mixture  of  fouse  oil,  sulphuric  acid,  and 
acetate  of  soda. 

Raspberry  essence  is  a  mixture  of  tincture  of  orris  root,  and  a 
trace  of  butyric  ether. 

Quince — Butyric  and  valerianic  ether. 

Cherry — The  oil  of  vanilla  and  oil  of  almonds. 

Greengage — Essence  of  pear,  oil  of  almonds,  and  bergamot. 

Orleans  plum — Pelargonic  ether  and  oil  of  wine. 

Nectar — A  mixture  of  pear,  pine  apple,  and  raspberry  essences. 

Banana — Essence  of  pear  and  valerianic  ether. 
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Strawberry — Essence  of  pear  and  tincture  of  orris  root. 

Red  currant —  Essence  of  raspberry,  pear,  and  oil  of  lemons. 

Ribston  pippin  apple— Essence  of  pear  and  valerianic  ether. 

Ratafia — Essential  oil  of  almonds  and  oil  of  cloves. 

These  constitute  the  chief  of  the  essences,  &c.,  shown  at  the 
Exhibition.  The  mixtures  are  remarkably  good  imitations  of  the 
flavour  and  scent  of  the  bodies  they  represent.  Considerable 
quantities  are  now  used  by  confectioners  in  the  manufacture  of 
lozenges,  bon  bons,  &c. 

The  essences  mentioned  above  are  exhibited  by  J.  B.  Barnes 
(469),  who  has  a  large  collection  of  organic  acids  and  their  ethers. 
W.  J.  Bush  (490)  has  a  variety  of  essences  and  essential  oils. 
Messrs.  Hirst,  Brooke,  and  Tomlinson,  of  Leeds  (528),  are  famous 
for  their  imitation  of  the  flavour  of  various  fruits,  and  exhibit  a 
great  variety  of  specimens.  E.  F.  Langdale  of  Hatton  Garden 
(553)  has  also  an  extensive  assortment. 

In  France,  the  essences  of  MM.  Rancd  (224)  and  Ardisson  and 
Varaldi  (225)  are  remarkable. 


6.— PERFUMERY  MANUFACTURE. 

By  G.  W.  Septimus  Piesse,  Esq. 

T  is  gratifying  to  record  the  fact  that  the 
perfumery  of  the  Exhibition  of  1862,  is 
greatly  in  advance,  in  point  of  manu¬ 
facture,  to  that  of  the  industrial  gather¬ 
ing  of  1851.  Every  novel  manufacture 
which  is  introduced  is  new  seed  of  work 
and  wealth.  But  a  few  years  ago  Bri¬ 
tannia  imported  all  her  perfumery,  both 
raw  material  and  manufactured;  now, 
however,  she  is  an  extensive  producer, 
and  exports  £200,000  worth  annually. 

Perfumes  were  early  applied  as  “sweet 
offerings”  in  worship,  and  from  the 
ascent  of  incense  the  art  has  received  its  name,  perfumare  (to 
penetrate  with  smoke),  from  the  circumstance  that  the  early  use  of 
perfumes  was  in  the  volatilized  form.  Perfumes  proper  began 
to  be  manufactured  in  Italy  some  centuries  ago;  and  continued, 
with  more  or  less  success,  till  finally  settled  into  a  regular  manu¬ 
facture  on  the  borders  of  the  torrent  Var,  which  till  recently 
divided  Sardinia  from  France  —  Nice  on  the  Italian  side,  and 
Grasse  on  the  French  side,  becoming  the  seats  of  the  art.  Here 
flowers  are  cultivated  for  the  sole  purpose  of  obtaining  the 
odours  which  they  yield  by  various  processes.  The  methods  of 
obtaining  the  odours  of  flowers  are  very  interesting,  and  but  little 
understood  in  England  or  any  of  its  colonies.  The  most  important 
process  is  based  on  the  fact  that  perfectly  pure  inodorous  fat  or  oil 
has  the  power  to  absorb  the  odours  given  out  by  flowers,  in  a 
manner  that  may  be  likened  to  the  hygrometric  power  of  certain 
salts  which  absorb  water  from  humid  air.  If  pure  fat  be  spread 
upon  a  flat  surface,  as  a  plate,  and  then  be  sprinkled  with  odorous 
flowers,  and  covered  over,  say  with  another  plate,  and  so  left  for 
some  time,  the  fat  will  absorb  the  odour  given  out  by  the  flowers, 
and  thus  become  perfumed. 

The  practical  mode  of  doing  this,  as  adopted  by  the  flower 
farmers  of  Nice,  Menton,  Cannes,  and  Grasse,  is  to  have  a  great 
number  of  frames  or  sashes  of  glass,  resembling  in  form  and  make 
an  ordinary  window-sash,  of  one  square,  but  having  a  frame  much 
thicker  in  proportion,  for  the  purpose  that  when  two  sashes  are  laid 


one  upon  another  there  will  be  a  space  of  3  or  4  inches  between 
each  sheet  of  glass.  Purified  fat  is  spread  upon  the  glass  of  the 
sashes,  and  is  then  sprinkled  with  fresh  gathered  flowers.  Each 
sash  being  dressed  in  the  same  manner,  they  are  piled  together, 
the  flowers  being  thus  placed,  as  it  were,  in  a  series  of  fat  boxes, 
exhale  their  odour,  which  the  fat  absorbs.  Fresh  flowers  are 
employed — the  spent  ones  being  cast  away — as  often  as  they  can 
be  procured,  the  same  fat  being  dressed  with  fresh  blossoms  during 
the  entire  season  of  each  particular  sort.  In  the  annexed  illustration, 
Fig.  584,  b  repre¬ 
sents  a  sash  charged  FiS- 574- 

with  flowers,  A  a  pile 
of  the  same.  This 
process  is  termed 
enflowering  or  en- 
fleurage,  and  is 
mostly  adopted  for 
obtaining  the  odours 
from  jasmine,  tube¬ 


Enflowering  Frames,  or  Sashes. 


rose,  acacia,  violet,  &c.  Another  method  of  obtaining  the  odours  of 
flowers,  still  employing  fat  as  a  vehicle,  is  the  maceration  process — 
that  is  by  infusion  of  blossoms  in  oil  or  fat ;  the  grease  being  melted 
by  a  water  bath,  the  flowers  are  placed  into  it,  and  there  left  to 
infuse  for  some  time,  fresh  blossoms  being  used,  and  the  old  ones 
strained  away,  every  day  or  so.  We  find  the  odorous  principle  of 
seed,  wood,  roots,  and  leaves  laid  up  within  them  as  a  store  of  oil, 
as  starch  and  sugar  are  laid  up  in  grain  ;  but  the  odour  of  flowers 
as  a  rule  is  not  so,  it  is  generated  and  cast  off ;  practically  they 
are  given  out,  as  the  poets  have  said,  as  “the  breath  of  flowers;” 
to  kill  the  blossom  therefore  is  but  to  destroy  the  source  of  odour. 
Throwing  jasmine  blossoms  into  a  boiling  still  kills  the  flowers, 
hence  so  little  yield  of  odour  when  we  attempt  to  distill  them  for 
otto.  Flowers  do  not  die  very  rapidly,  though  gathered  from  the 
parent  stem,  especially  if  not  exposed  to  the  outward  atmosphere, 
but  continue  to  exhale  odour ;  we  thus  see  how  economical  is  the 
process  of  enflowering.  Even  when  flowers  are  put  bodily  into  a 
fluid  grease  they  retain  their  vitality  for  a  considerable  time.  The 
odours  from  rose,  orange,  jonquil,  acacia,  violet  are  obtained  in 
great  perfection  by  the  maceration  method  ;  with  violets,  and  some¬ 
times  other  flowers,  it  is  found  beneficial  to  adopt  the  twofold  pro¬ 
cesses  of  enflowering  and  maceration  to  obtain  fine  results. 

Fat  oils  absorb  odour,  both  by  enflowering  and  maceration  with 
blossoms,  in  the  same  way  as  animal  fat.  To  enflower  oil  a  special 
form  of  sash  is  used,  as  shown  at  c,  Fig.  574.  In  place  of  glass,  a 
wire  gauze  of  coarse  meshes  is  fixed  in  the  sash.  Olive  oil  of  the 
finest  quality  is  employed,  cloths  are  saturated  with  the  oil,  and 
then  laid  upon  the  wire  sash  ;  the  cloth  used  for  this  purpose  is 
expressly  made  for  it,  thick,  strong,  and  absorbent,  a  kind  of  mole¬ 
skin.  Upon  these  oily  cloths  the  flowers  are  sprinkled  as  described 
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for  solid  fat,  changing  the  flowers  as  convenient  to  their  gathering. 
When  there  are  no  more  ilowers  the  cloths  are  folded  together  and 
subject  to  pressure,  mostly  by  a  hand  screw  press,  but  in  some 
large  houses,  as  that  of  M.  Louis  Herman  of  Cannes,  hydraulic 
presses  are  employed  for  expressing  the  now  fragrant  oil. 

To  obtain  the  spirituous  essence,  or 
perfume  proper,  of  the  flowers  men¬ 
tioned,  such  as  essence  of  jasmine, 
essence  of  violets,  essence  of  tuberose, 

&c.,  the  article  in  fact  which  is  found  in 
commerce,  the  beforenamed  enflowered 
fats,  or  macerated  fats  or  oils,  are  infused 
in  spirits — that  is  pure  alcohol  of  say 
not  less  than  GO  overproof,  that  is,  of 
a  sp.  gr.  0-8298.  For  every  gallon  of 
spirit  eight  pounds  of  pomade  or  oil 
should  be  employed.  The  pomade  or 
scented  fat  is  placed  into  a  cylinder 
having  a  well  fitted  piston.  At  one  end 
of  the  cylinder  a  stop  is  placed,  having 
slits  or  apertures  in  it ;  then  by  pressing 
the  pomade  it  is  forced  through  these 
slits,  and  appears  in  a  ribbon  form, 
offering  a  large  surface.  This  being  put 
into  the  spirit  is  allowed  to  infuse.  A 
displacement  occurs,  the  odorous  prin¬ 
ciple  passing  from  the  fat  to  the  spirit, 
but  the  fat  remains  undissolved.  The 
whole  of  the  process,  as  in  the  case  of 

jasmine,  tuberose,  violet,  &c.,  described  may  be  performed  cold, 
and  the  odours  obtained  arenas  natural  as  the  flowers  that  yield 
them.  So  simple  an  operation,  it  is  considered,  could  be  profitably 
carried  out  iu  many  of  our  warm  colonies,  where  the  very  paths  are 
strewed  with  flowers,  and  “  waste  their  fragrance  in  the  desert  air.” 
Enflowered  and  macerated  oils  yield  their  odour  to  spirit  when  agi¬ 
tated  with  it.  After  being  allowed  to  stand  quiet  for  a  time  the  oil 
falls  and  the  spirit  rises  from  it,  and  can  be  drawn  off  ready  for  use. 
In  consequence  of  the  great  difference  of  gravity  of  the  oil  and  spirit 
they  immediately  separate  when  not  agitated,  and  hence  but  little 
surface  of  the  oil  is  offered  for  the  spirit  to  act  on. 

M.  Piver  showed  to  the  Jury  drawings,  of  a  neat  mechanical  con¬ 
trivance,  which  he  employs  at  his  factory  in  Paris,  for  mixing  these 
two  fluids,  or  for  what  in  the  trade  vernacular  is  termed  “  washing” 
the  oils.  It  consists  of  four  barrel-formed  vessels  placed  eccentri¬ 
cally  upon  the  periphery  of  a  wheel,  which  is  made  to  revolve  by 
hand  labour ;  thus  the  oil  and  spirit  is  constantly  mixed  till  the 
former  is  “washed”  of  its  odour.  About  one-half  of  the  perfumes 
found  iu  commerce  are  thus  made  ;  very  fine  samples  of  which  are 
shown  by  Atkinson  (1163),  Bayley  &  Company  (1164),  Piesse  & 
Lubin  (1184),  Sardou  (220),  Mero  (222),  and  Piver  (239). 

The  commercial  importance  of  this  branch  of  the  perfumery  trade 
may  be  indicated  by  the  quantity  of  flowers  annually  grown  in  France 
in  the  district  of  the  Var ; — 
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5,000 


plants,  gathered  growing  wild  on  the  vast  stoney  and  desert  flats 
about  Marseilles  and  the  embouchures  of  the  Rhone. 

The  next  important  class  of  odours  are  those  procured  by  the 
process  of  distillation,  too  well  known  to  need  description  here,  beyond 
the  mention  of  the  improved  still,  and  which  the  writer  terms  the 

Fig. 676. 


Barron's  Syphon  Still. 


Sectional  Elevation. 


Of  thyme,  mint,  maijoram,  &c.,  largely  cultivated  for  their  odours, 
no  records  are  kept.  Oils  are  largely  distilled  from  these  latter 


Syphon  still,  patented  by  Mr.  Barron.  Figs.  575  and  576  repre¬ 
sent  the  still  in  elevation  and  section  respectively. 

The  still,  as  will  be  seen,  stands  upon  a  massive  foot ;  the  pan  is 
double,  the  outer  one  being  a  steam  jacket.  Steam  under  5  to  10  lbs. 
pressure  is  supplied  from  a  boiler  by  the  pipe,  A.  The  still  is  separ¬ 
able  into  two  main  parts,  namely,  the  head  and  the  pan,  and  when 
in  use  are  firmly  bolted  together.  Within  the  head  of  the  still  is 
fixed  the  “  rouser,”  which  is  a  double  cross  bar  curved  to  fit  the 
pan,  to  which  is  attached  a  chain  used  to  drag  over  the  bottom  of 
the  pan.  The  rouser  is  set  in  motion  by  an  assistant  turning  the 
handle  outside,  in  connection  by  the  axle  with  the  cog  wheels  in  the 
interior.  Supposing  the  still  to  be  charged,  say  with  two  hundred¬ 
weight  of  cloves,  water  is  supplied  till  the  pan  is  nearly  full ;  the 
head  of  the  still  is  then  bolted  on.  Steam  being  applied,  the  water 
and  cloves  in  the  pan  are  soon  brought  to  a  boiling  heat;  and  then 
being  well  stirred  together,  the  otto  of  cloves  is  disengaged  and  carried 
forward  by  the  pipe  marked  B,  and  is  quickly  condensed  in  the  refri¬ 
gerator,  C,  running  out  at  D,  and  falling  into  the  cistern,  E.  Here 
the  otto  and  the  water  spontaneously  divide,  the  otto  of  cloves  fall¬ 
ing  and  the  water  rising  in  the  cistern.  As  soon  as  the  water  reaches 
the  overflow  pipe  it  runs  into  the  syphon  funnel,  thence  into  the 
still.  Ingeniously  simple  as  this  syphon  contrivance  is,  the  whole 
merit  of  this  form  of  still  turns  upon  the  application  of  the  syphon, 
by  means  of  which  the  same  water,  which  left  the  still  in  the  form  of 
steam,  returns  again  and  again  into  the  pan.  The  pipe,  E,  con¬ 
veys  cold  water  from  an  outward  tank  to  the  refrigerator,  while 
G  conveys  away  the  hot  waste.  In  cases  where  the  otto,  the  name 
given  by  perfumers  to  any  essential,  i.e.,  volatile  oil,  is  lighter  than 
water,  then  it  is  obvious  that  the  lower  tap  of  the  cistern  must  be 
made  to  supply  the  syphon  in  place  of  the  upper  one. 

The  advantages  of  this  still  are — 1st,  That  it  is  unnecessary  at 
any  time  to  stop  the  process  of  distillation  to  add  water ;  2nd,  Im¬ 
provement  in  the  quality  of  the  otto,  being  from  first  to  last  the 
same,  which  is  not  the  case  with  the  ordinary  stills,  because,  as  the 
water  evaporates  from  the  still,  the  vegetable  fibre  becomes  baked 
upon  the  sides  of  the  pan,  and  imparts  an  unnatural  odour  to  the 
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otto ;  3rd,  As  water  dissolves  a  portion  of  all  ottos,  it  is  evident  that, 
returning  the  water  to  the  still,  this  otto  is  economized  ;  a  matter  of 
no  little  importance  where  an  otto  is  of  value. 

Remarkably  fine  samples  of  various  ottos  are  shown  by  three 
exhibitors  from  Saxony — Sachsse  (2308),  Heine  (2305),  Sehemmel 
(2309) ;  some,  indeed,  so  rare  that  they  had  never  before  been  seen 
by  several  of  the  jurors,  such  as  otto  of  myrrh  and  otto  of  elder- 
flowers. 

Holland  of  Market  Deeping  (11),  shows  the  rare  otto  of  hops; 
an  article  which  probably  will  become  of  importance  for  shipping  to 
Australia,  as  a  tonic  flavour  for  beer  in  place  of  hops. 

The  most  valued  otto  is  that  of  roses,  and  is  principally  produced 
at  Kazanlik  and  in  Roumelia  in  European  Turkey,  the  annual  pro¬ 
duction  being  about  80,000  ounces,  of  a  value  of  £120,000.  This 
industry  is,  however,  but  poorly  represented  in  the  Turkish  exhi¬ 
bition. 

The  most  important  ottos  commercially  are  those  of  the  lemon 
tribe,  chiefly  produced  in  the  Two  Sicilies.  The  quantity  imported 
into  England  annually  is  130,000  lbs.,  of  a  value  of  £58,000.  The 
samples  exhibited  in  the  Italian  Court  were  as  a  whole  small,  badly 
put  up  to  show,  and  of  indifferent  quality.  Capitalists  connected 
with  persons  having  a  knowledge  of  distillation,  could  certainly 
found  in  Sicily  a  laboratory  that  would  yield  a  profitable  invest¬ 
ment  for  their  outlay. 

M.  Robillard  of  Spain  (173),  shows  the  true  otto  of  verbena 
(. Aloysia  citriodora),  and  rose  geranium,  for  which  he  will  always 
find  a  sale  when  his  productions  are  equal  to  the  sample  sent  to  the 
Exhibition. 

A  great  variety  of  new  ottos  have  been  sent  from  Australia — some 
from  Sydney,  others  from  Melbourne — mostly  the  products  of  the 
distillation  of  various  species  of  the  eucalyptus. 

India  exhibits  a  variety  of  native  odours,  but  those  ottos  which 
the  perfumery  factors  of  England  would  desire  to  employ  are  shown 
in  such  small  samples  as  to  lead  them  to  infer  that  the  production 
is  very  limited. 

The  English  perfumery  trade  has  risen  so  rapidly  that  the  fac¬ 
tors  are  already  looking  for  sources  for  the  raw  material ;  there  is  a 
predictive  uneasiness  lest,  through  political  trouble,  they  should  be  cut 
off  from  the  Yar  district  in  a  way  the  spinners  have  lost  their  cotton. 
Consuls  and  others  residing  in  flower  producing  countries  should 
inform  those  interested  that  there  is  in  England  a  ready  market  for 
the  products  of  flowers,  but  that  ottos  from  spices  of  any  kind  are 
already  well  supplied.  Otto  of  lavender  and  peppermint  are  important 
articles  of  production  in  England,  but  they  are  not  represented  by 
any  of  the  growers  of  Mitcham.  Many  perfumes  are  made  by  dis¬ 
solving  the  various  ottos  in  spirits,  and  then  distilling  the  mixture  ; 
a  more  perfect  combination  takes  place  than  in  an  ordinary  solution. 
In  this  way  Hungary  water  and  eau-de-cologne  are  produced  to  the 
extent  of  5,000,000  bottles  annually,  giving  rise  to  considerable 
industry. 

Some  very  fine  perfumes  are  obtained  from  fragrant  bodies  by  the 
simple  process  of  tincturation,  that  is,  infusion  in  spirit.  In  this  way 
essence  of  musk,  ambergris,  civet,  Tonquin  bean,  vanilla,  and  others 
are  produced,  large  samples  of  which  were  shown  by  Piesse  & 
Lubin  (1184).  The  annual  consumption  of  musk  in  England  is 
9388  ounces,  of  a  market  value  of  £10,000.  Vanilla  is  extensively 
used  in  perfumes,  particularly  in  the  favourite  Frangipanni.  Some 
of  the  finest  vanilla  ever  grown  is  sent  from  a  new  source,  namely, 
the  Isle  of  Reunion. 

No  single  manufacture  is  perhaps  better  represented  in  the 
Exhibition  than  soap,  and  particularly  scented  soap.  Every  country 
that  sends  articles  to  the  Exhibition  sends  samples  of  perfumed  soap, 
and  it  is  a  pleasing  task  to  affirm  that  the  English  toilet  soap  is 
superior  to  any  other  shown.  Considering  the  enormous  consump¬ 
tion  of  soap  throughout  the  world,  it  is  a  matter  of  some  surprise 


that  the  ingenious  mechanic  or  engineer  has  not  devised  some  ready 
mode  of  cutting  and  shaping  it  into  suitable  form  for  domestic  use ; 
the  truth  is,  there  is  no  machinery  extant  for  the  purpose.  But  one 
soap  stamp  was  shown  in  the  building,  Cleaver  (1168),  and  certainly 
a  more  rough,  ill-shapcn  mechanical  device  is  not  to  be  found  there. 
The  perfumer’s  business  is  to  melt  and  mix  together  various  soaps 
made  by  the  soap  boiler;  and  while  in  a  soft  state  he  adds  the  per¬ 
fume,  the  colouring,  and  the  medicament  suitable  for  the  article  he 
is  making.  Until  a  comparatively  recent  date  the  soap  pans  were 
heated  by  open  fire,  but  now  steam  jacket  pans  and  boilers  are  in 
general  use.  The  heavy  work  of  crutehing  (mixing)  the  soap  is  done 
by  hand  labour ;  when  cold  it  is  cut  into  bars,  slabs,  and  squares 
all  by  hand,  and  finally  one  square  at  a  time  moulded  into  tablets 
by  the  die  press.  The  actual  detergent  value  of  the  soap  is  de¬ 
pendent  on  several  of  its  constituents,  and  its  relative  condition  of 
dryness. 

The  best  quality  of  English  toilet  soaps  consists  of  tallow  and  olive 
oil  as  a  base ;  nearly  all  the  continental  toilet  soaps  consist  of  cocoa- 
nut  oil  as  a  base.  This  latter  material  in  forming  soap  combines 
with  more  water  than  olive  oil  or  tallow,  hence  the  continental  soaps 
waste  more  rapidly  in  washing  than  the  English  soap.  The  best 
English  Windsor  soap  and  cold  cream  soap,  nicely  scented  as  they 
are,  find  a  market  throughout  the  world. 

There  are  221  exhibitors  of  perfumery  and  perfuming  substances; 
each  with  some  specialty  of  manufacture,  but  our  space  will  not 
permit  us  here  to  record  them  individual^.  We  therefore  think  we 
have  best  studied  the  interest  of  our  readers  in  thus  briefly  describ¬ 
ing  the  most  salient  points  of  a  manufacture  which  now  involves  an 
industry  in  this  country  which  is  represented  by  no  less  a  sum  than 
a  million  sterling  per  annum. 


7-CHEMICAL  M ANUF ACTURES. 

By  Dr.  Richardson,  F.C.S.,  F.R.S.E.,  Professor  of  Chemistry, 
University  of  Durham. 

IE  last  decade  has  been  as  fruitful  in 
improvements  in  this  class  of  manufactures 
as  in  any  other;  but  the  signs  of  the  change 
are  not,  from  the  nature  of  the  products, 
so  obvious  to  the  general  public  as  in  the 
mechanical  departments  of  the  Exhibition. 
The  improvements  have  reference  to  the 
cheapening  of  tlw  cost  of  production,  rather 
than  to  the  introduction  of  new  substances 
as  articles  of  commerce.  Among  all  the 
substances  of  chemical  manufacture  exhi¬ 
bited,  none  holds  so  important  a  place  as 
sulphuric  acid,  whether  we  regard  the  extent  of  the  trade  in  this 
article,  or  its  position  as  the  basis,  so  to  speak,  of  so  many  other 
substances ;  and  we  cannot,  therefore,  commence  our  remarks  more 
appropriately  than  with  the  account  of  some  of  the  improvements 
connected  with  this  acid. 

SULPHURIC  ACID. — The  introduction  of  the  large  leaden  cham¬ 
bers  which  attract  the  attention  of  a  stranger  in  the  principal  seats 
where  our  chemical  manufactures  are  located,  the  employment 
of  steam,  the  saving  of  the  waste  nitrous  gases,  and  the  sub¬ 
stitution  of  sulphur  ores  for  sulphur,  all  mark  so  many  stages  in 
the  more  economical  production  of  this  acid,  of  which  very  pure 
samples  are  exhibited  by  Mr.  W.  J.  Kane,  Mr.  Symons,  and  other 
manufacturers. 
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Cornish. 

Irish. 

Coal  Brasses. 

Spanish. 

Belgian. 

Italian. 

Swedish. 

Sulphur, . . 

.  34-345  .... 

..  47-41  . 

.  53-35  . 

..  43  52  ... 

...  42-80  ... 

...  44-60  ... 

...  38-05 

Iron, . 

Copper, . . 

41  78  . 

..  40-20  ... 

...  36-70  ... 

...  40-26  ... 

...  42-80 

.  0-800  .... 

1-93  . 

.  .  . 

312  ... 

— 

1-50 

Lead, . 

.  0-400  .... 

— 

.  .  .. 

..  2  11  ... 

0-92  ... 

_ 

_ 

Zinc, . 

.  1-325  .... 

2-00  . 

— 

0  32  ... 

0-40  ... 

.  _ 

_ _ _ 

Manganese, . . 

.  . 

— 

0  70  . 

_ 

_ 

Arsenic, . 

.  0-910  .... 

211  . 

— 

.  110  ... 

0-20  ... 

_ 

_ 

Oxide  of  iron, . 

— 

— 

— 

_ 

...  7-23  ... 

_ 

_ 

Alumina, . 

— 

.  . 

.  - 

— 

_ 

Silica, . 

3  93  . 

0-80  . 

..  8  00  ... 

8-86  ... 

...  14-30  ... 

...  12-16 

Carbonate  of  lime . 

— 

_ 

_ 

...  0-84  ... 

_ _ 

Insoluble  matter, . 

— 

143  . 

_ 

Moisture, . 

_ 

_ 

1-54 

1-46  ... 

_ 

Oxygen  and  loss, . 

— 

.  —  . 

— 

— 

— 

...  5-49 

98-980  .  100-59  .  99  92  .  99  91  .  99  41  .  99-16 


100-00 


The  general  nature  of  this  manufacture  may  be  described  in  a 
few  words.  The  sulphur  or  sulphur  ores  are  burnt  in  a  current  of 
air  in  suitable  furnaces,  and  the  sulphurous  acid  gas  is  conveyed  to 
a  large  leaden  chamber,  where  it  is  allowed  to  mix  with  the  nitrous 
gases  arising  from  the  decomposition  of  nitrate  of  soda  by  sulphuric 
acid.  Steam  is  admitted  at  the  same  time,  when  a  series  of  chemical 
changes  ensue,  by  which  the  sulphurous  acid  is  converted  into 
sulphuric  acid,  and  the  nitrogen  of  the  air,  with  the  residual  nitrous 
compounds,  escapes  into  the  atmosphere. 

One  great  point  to  be  attained  is  the  admission  of  no  more  air 
than  is  sufficient  to  convert  the  sulphur  into  sulphurous  acid,  and 
Mr.  H.  Blair  has  accomplished  this  object  by  the  invention  of 
most  admirably  constructed  sulphur-burners,  as  these  furnaces  are 
termed.  Of  the  accompanying  engravings  Fig.  577  is  a  perspec¬ 
tive  view,  Fig.  578  is  a  longitudinal  section,  and  Fig.  579  is  a 
horizontal  section. 

The  sulphur  is  charged  through  a  hopper,  c,  on  to  the  bed,  A, 
which  slopes  towards  the  door,  B.  This  door  is  a  loose  iron  plate, 
a  little  out  of  the  vertical,  so  that  as  it  rests  in  its  iron  frame-work, 
it  is  almost  air-tight.  The  passage  from  the  furnace  to  the  com¬ 
bustion  oven,  is  regulated  by  a  fire-clay  damper,  d.  The  sulphur 
after  ignition,  is  partly  volatilized  and  partly  burnt  in  the  furnace, 
when  the  sulphurous  acid  and  sulphur  vapour  pass  to  the  oven, 
E  E  E  E,  where  they  are  met  by  a  current  of  air,  which  enters  by 
the  aperture,  F.  The  quantity  of  air  admitted  for  the  combustion 
of  the  sulphur  vapour  is  accurately  regulated  by  the  damper,  and 
controlled  by  the  small  stopper  at  G,  when  no  flame  ought  to  make 
its  appearance.  The  nitrous  compounds  are  evolved  from  the  dishes, 
N  N  N,  over  which  the  heated  gases  pass,  and  the  whole  are  partial  y 
cooled  under  the  cast-iron  dome,  H,  which  is  completed  as  they 
move  through  a  small  chamber,  the  roof  and  floor  of  which  are 
covered  with  water. 

The  great  bulk  of  this  acid  is,  however,  now  made  from  sulphur 
ores,  which  have  been  substituted  for  sulphur,  since  the  attempt  of 
the  late  Neapolitan  government  to  create  a  monopoly  in  the  supply 
of  this  latter  material. 

The  demand  for  sulphur  ores  has  led  to  an  extensive  commerce 
in  this  article,  and  these  ores  are  now  raised  in  large  quantities  in 


Fig.  579. 

Longitudinal  and  Horizontal  Sections  of  Furnace. 

The  following  table  exhibits  the  composition  of  these  ores,  as 
determined  by  Messrs.  Clapham,  Browell,  and  Marreco,  and  Dr. 
Thomson  : — 


various  districts  of  the  United  Kingdom,  while  still  greater  quantities 
are  imported  from  Belgium,  Spain,  Sweden,  Norway,  and  Italy. 


Perspective  View  of  Blair’s  Sulphur  Burner 
Fig.  578. 


The  following  table  shows  the  production  of  sulphur  ores  in 
I860:— 

Production  of  British  Sulphur  Ores  in  1860. — (Hunt.) 


Tons. 

Cornwall,  2/midic,  .......  17,369 

Cumberland,  J '//rites,  .  .....  3,063 

Devonshire,  Mundic,  .......  3,431 

Ireland,  Pyrites,  .......  99,259 

Lancashire,  Coal  Brasses,  ......  3,550 

Northumberland  and  Durham,  Coal  Brasses, .  .  .  3,500 

North  Wales,  Pyrites,  ......  1,891 

Yorkshire,  Coal  Brasses,  . 3,605 


135,668 


The  custom-house  returns  do  not,  unfortunately,  enable  us  to 
state  the  imports  from  abroad,  but  the  quantities  raised  in  this 
country  are  given  by  Mr.  Hunt,  which  are  very  correct,  with  the 
exception  of  the  coal  brasses,  which  we  know  are  much  greater, 
and  are  worked  in  Scotland  as  well  as  the  midland  counties. 

As  regards  the  economic  use  of  these  ores,  they  differ  more  in 
their  physical  properties  than  in  their  per  centage  of  sulphur.  The 
fusing  point,  the  rate  at  which  they  burn,  and  the  small  they  make, 
have  led  manufacturers  to  construct  furnaces  or  kilns  adapted  to 
meet  these  peculiarities ;  but  in  the  limited  space  at  our  disposal 
we  can  only  give  a  description  of  one  of  these  kilns  which  has  come 
into  the  most  general  use. 

3  K 
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The  engraving,  Fig.  580,  is  a  front  view  of  a  range  of  these  kilns,  in 
which  the  dottedlines  represent  the  body  of  the  furnaces  into  which 
the  ore  is  thrown,  through  the  opening,  B,  which  is  closed  by  a  door, 


The  nitrous  gases  are  disengaged  and  conveyed  to  the  chamber, 
while  the  heated  sulphuric  acid  is  run  into  a  leaden  pan,  to  be  again 
concentrated  up  to  strength. 


Fig.  580. 


SODA  AND  ITS  SALTS. 
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Sulphur  Kilns. — Elevation. 


C.  This  and  the  other  doors  are  hung  with  an  inclination  towards 
the  furnace ;  and  the  face  of  the  doors,  with  the  raised  metal  work 
round  the  openings,  with  which  they  come  in  contact,  are  all 
planed  with  a  smooth  surface,  so  as  to  make  the  whole  as  air-tight 
as  possible.  A  small  slit,  D,  in  the  door,  c,  enables  the  workman 
to  watch  the  progress  of  the  combustion,  during  which  he  occa¬ 
sionally  stirs  the  mass  by  means  of  a  poker,  through  the  open¬ 
ings,  E,  which  are  kept  close  by  slides,  F.  In  some  works,  these 
openings  are  small  round  apertures,  situated  on  the  sides,  a  little 
above  the  grates.  The  loose  grates,  H,  are  shaken  from  time  to 
time,  the  dust  and  small  ore  falling  into  the  ash-pit,  I.  When  the 
sulphur  is  burnt  off,  the  exhausted  ore  is  removed  through  the 
opening,  G.  These  latter  openings 
are  kept  close,  sometimes  by 
doors,  K,  and  sometimes  by  a 
kind  of  flap,  which  hangs  length¬ 
wise,  resting  on  a  raised  metal 
framework  with  a  planed  surface. 

The  slits,  L,  serve  for  the  admis¬ 
sion  of  air  when  necessary.  The 
sulphurous  acid  passes  along  the 
flue,  O,  to  an  iron  pipe  at  the  end, 
communicating  with  the  cham¬ 
bers.  The  nitre  pots  are  some¬ 
times  placed  in  this  flue,  through 
the  openings,  M,  which  have  a  sliding  door,  N. 

The  refuse  from  the  purification  of  coal  gas,  which  consists  of 
oxide  of  iron,  loaded  with  the  sulphur  which  separates  under  the 
action  of  the  air,  is  also  used  in  ovens 
specially  constructed  for  the  purpose. 

Numerous  attempts  have  also  been 
made  to  turn  the  tank  waste  of  the 
alkali  works  to  use  in  the  manufac¬ 
ture  of  the  acid,  but  hitherto  without 
success. 

Similar  efforts  have  been  made 
to  turn  to  account  the  sulphur  in 
gypsum,  sulphate  of  barytes,  &c., 
and  various  plans  have  been  pro¬ 
posed  to  dispense  with  the  use  of 
chambers;  but  none  of  these  sugges¬ 
tions  have  succeeded.  The  saving 
of  the  waste  nitrous  gases  by  the 
process  of  Gay-Lussac  has  been 
generally  adopted.  These  gases 
are  made  to  ascend  a  coke  column, 
down  which  a  stream  of  sulphuric 
acid  of  T760  sp.  gr.  is  falling,  and  the  nitrous- sulphuric  acid 
which  collects  at  the  bottom,  is,  in  its  turn,  pumped  up  to  the  top 
of  another  similar  column,  into  which  a  jet  of  steam  is  admitted. 


This  valuable  substance  acquires  greater  importance  every  year, 
and  the  reduction  of  continental  tariffs  promises  an  increasing 
demand  for  its  various  compounds.  Hitherto  the  most  important 
compound  has  been  the  carbonate  of  soda  in  the  form  of  alkali,  soda 
crystals ;  but  the  production  of  caustic  soda  will  ere  long  occupy 
the  principal  place  in  this  manufacture. 

CARBONATE  OE  SODA. — The  supply  of  this  salt,  up  to  so  late  a 
period  as  1823,  was  almost  entirely  confined  to  that  obtained 
by  burning  sea-weeds  on  the  coasts  of  Spain  and  France  on  the 
Continent,  and  those  of  Scotland  and  Ireland  in  the  United  King¬ 
dom.  The  first  step  towards  the  present  method  of  manufacturing, 
was  taken  by  Le  Blanc  and  his  partners  in  France.  This  process 
was  introduced  into  this  country  by  the  late  Mr.  W.  Losh.  Al¬ 
though  Le  Blanc’s  process  is  still  employed,  the  apparatus  and 
method  of  conducting  it  have  undergone  great  changes ;  the  use  of 
metal  pans  in  which  to  decompose  the  common  salt,  first  employed 
by  Mr.  Gamble  and  the  late  Mr.  Lee — the  condensing  towers 
introduced  by  Mr.  Gossage  for  collecting  the  hydrochloric  acid — 
the  revolving  furnace  of  Elliot  &  Russell — the  continuous  lixivia- 
tion  by  filtration,  first  used  at  St.  Rollox — are  all  so  many  epochs 
in  the  development  of  this  trade. 

Fig.  581. 


Decomposing  Pans. — Longitudinal  Section. 

The  first  process  in  this  manufacture  consists  in  the  decomposi¬ 
tion  of  common  salt  by  sulphuric  acid,  and  this  is  now  conducted  in 
what  may  be  termed  a  furnace-still.  The  engraving,  Fig.  581, 


Balling  Process  — Longitudinal  Section. 

represents  two  of  these  decomposing  pans,  A,  in  section.  They 
are  set  in  brickwork,  and  heated  below  and  on  the  sides.  The 
metal  pans,  each  weighing  five  tons,  are  covered  with  sheet-iron, 
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B.  The  fireplace  is  at  E,  and  the  flues,  F,  pass  over  and  under 
the  pans.  The  charge  of  salt  is  introduced  at  A,  and  the  hydro¬ 
chloric  acid  escapes  at  C.  The  damp  sulphate  is  pushed  through 
the  opening,  H,  into  reverberatory  furnaces  in  connection  with 
these  pans,  where  it  is  dried  and  rendered  fit  for  the  next  operation. 

The  second,  or  hailing  process ,  is  interesting,  as  it  is  in  the 
management  of  this  operation  that  mechanical  arrangements  have 
been,  for  the  first  time,  successfully  introduced  for  effecting  a 
chemical  decomposition.  In  this  plan  the  furnace  itself  is  made 
to  revolve,  and  the  success  which  has  been  achieved  is  due  to  the 
improvements  introduced  by  Messrs.  Stevenson  &  Williamson  of 
the  Jarrow  Chemical  Works.  The  plan  is  shown  in  section.  In 
Fig.  582,  A  is  a  cylinder  of  cast-iron,  or  malleable  iron  plates,  lined 
inside  with  fire-bricks,  and  fitted  externally  with  two  cast-iron 
rings,  B,  which  rest  on  strong  iron  rollers,  C.  A  pair  of  pulleys  and 
a  system  of  wheels,  shown  in  the  engraving,  give  motion  to  the 
cylinder.  The  fireplace  is  at  D,  and  the  flame  passes  through  a 
side  opening  and  flue,  corresponding  with  the  circular  openings, 
E,  F,  at  each  end  of  the  cylinder.  The  products  of  the  combustion 
then  pass  over  the  liquors  in  the  pan,  G,  in  their  course  to  the 
chimney. 

The  cylinder  is  first  charged  with  undried  chalk  and  coal,  through 
the  opening,  H,  which  is  brought  under  the  hopper.  After  the 
opening  is  closed  the  cylinder  is  made  to  revolve  for  an  hour,  at 
the  rate  of  one  revolution  in  twelve  minutes.  It  is  then  stopped, 
the  door  opened,  and  a  charge  of  sulphate  of  soda  and  coals  intro¬ 
duced  in  the  same  way.  After  revolving  at  the  same  rate  as 
before  for  thirty  minutes,  the  speed  is  increased  to  one  revolution 
in  a  minute  and  a  quarter  for  half  an  hour,  when  the  operation  is 
complete,  and  the  charge  is  withdrawn.  The  product  termed 
black  ash,  is  then  lixiviated,  and  the  valuable  practical  improve¬ 
ment  in  this  operation,  introduced  at  the  St.  Rollox  Chemical  Works, 
has  played  an  important  part  in  cheapening  the  cost  of  soda.  The 
arrangement  of  these  lixiviating  tanks,  Nos.  1  to  4,  is  shown  in 
Figs.  583  and  584,  being  a  longitudinal  section  and  a  ground  plan. 
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Fig.  5S4. 

Lixiviating  Tanks— Longitudinal  Section  and  Plan. 


They  have  each  upright  pipes,  a,  fitted  with  the  plugs,  b.  The 
water  or  weak  liquor,  heated  by  steam,  is  run  into  any  tank  from 
the  cistern,  c,  by  means  of  a  pipe,  d.  In  the  plan  two  horizontal 
pipes  are  represented ;  the  upper,  communicating  with  each  tank, 
conveys  the  strong  liquor  to  the  settlers ;  but  the  lower  is  only 
connected  with  Nos.  1  and  4,  and  acts  as  a  return  pipe  when  these 
tanks  require  to  be  placed  in  connection.  The  third  pipe,  g,  carries 
the  weak  liquors  to  the  pump  well,  h.  By  means  of  these  valves 
and  pipes  the  liquors  can  be  conveyed  continuously  through  any  of 
the  tanks,  until  it  is  saturated,  thereby  saving  the  expense  of 
evaporatiug  weak  solutions. 

The  evaporation  of  these  liquors  has  attracted  as  much  attention, 
but  our  limited  space  compels  us  merely  to  mention,  in  passing,  the 
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plans  which  have  been  patented  by  Messrs.  Stevenson  &  Williamson, 
and  by  Mr.  Gossage.  The  salt  which  is  left  by  the  evaporation  is 
then  mixed  with 
saw-dust  or  small 
coal,  and  calcined 
to  carbonate  the 
caustic  soda  and 
expel  some  re¬ 
maining  sulphur. 

This  process  has 
also  been  made 
the  subject  of  a 
patent,  and  Mr. 

Napier  has  in¬ 
vented  an  inge¬ 
nious  furnace  in 
which  he  attempts 
to  supersede  the 
manual  labour  by 
means  of  machi¬ 
nery.  Messrs.  Ste¬ 
venson  &  William¬ 
son  are  at  present 
trying  to  introduce 
this  plan  at  Jarrow. 

The  product  of 
this  carbonating 
process  is  dis¬ 
solved  in  water, 
allowed  to  settle, 
and  then  boiled  to 
dryness.  The  product  is  termed  white  or  refined  alkali ,  of  which 
beautiful  samples  are  exhibited  by  several  manufacturers. 


Crystallized  Carbonate  of  Soda. 


CRYSTALLIZED  CARBONATE  OE  SODA. — When  the  last-named 
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solution  is  only 
concentrated,  the 
liquor,  on  cooling 
in  large  shallow 
pans,  yields  the 
soda  crystals 
which  form  so 
striking  an  object 
in  the  Exhibition. 

One  of  these  re¬ 
markable  samples, 
contributed  by 
Messrs.  Chance 
Brothers  &  Com¬ 
pany,  is  repre¬ 
sented  in  Fig.  585. 

Other  excellent 
specimens  are  ex¬ 
hibited  by  the 
Jarrow  Chemical 
Company,  Messrs. 

Gaskell,  Deacon, 

&  Company,  and 
other  manufactur¬ 
ers.  The  property 
technically  known 
as  grain,  is  of  great 
value  to  the  re¬ 
tailer,  who  has  to 
dispose  of  his  stock  in  small  quantities,  and  to  whom,  therefore,  the 
straight  grain  is  of  importance,  as  it  makes  him  to  divide  the  masses 
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easily  and  without  loss.  This  useful  property  is  strongly  marked  in 
the  specimens  exhibited  by  the  manufacturers  we  have  named. 

BICARBONATE  OP  SODA.  — The  same  manufacturers  also  exhibit 
specimens  of  bicarbonate  of  soda,  which  is  produced  by  exposing 
soda  crystals  to  the  action  of  carbonic  acid  gas  in  close  chambers. 
These  specimens  indicate  the  purity  of  their  manufacture,  for  had 
any  sulphate  of  soda  been  present,  it  would  have  been  at  once  appa¬ 
rent,  as  this  salt  is  not  acted  on  by  carbonic  acid.  The  appearance 
presented  by  Messrs.  Chance’s  beautiful  sample  is  shown  in  Fig.  586. 

CAUSTIC  SODA. — The  caustic  soda  is  the  last  compound  to  be 
noticed  in  connection  with  this  manufacture.  It  is  either  made 
by  the  process  of  Mr.  Gossage,  direct  from  the  black  ash  liquors, 
or  from  soda  ash  by  the  well-known  process  by  means  of  quick¬ 
lime.  The  first-named  process  alone  requires  any  attention  on 
the  present  occasion.  Mr.  Gossage  pumps  up  the  black  ash 
liquors  to  the  top  of  a  tower  filled  with  coke,  down  which  they  are 
allowed  slowly  to  fall,  while  a  current  of  atmospheric  air  is  drawn 
upwards  by  the  draught  of  a  chimney.  The  sulphide  of  sodium  is 
thus  oxidized,  and  the  sulphide  of  iron,  previously  in  solution,  is  libe¬ 
rated  and  becomes  insoluble.  The  hyposulphite  of  soda  in  the  par¬ 
tially  purified  liquor  is  then  oxidized  by  a  little  bleaching  powder. 
The  pure  liquor  is  now  concentrated  by  evaporation,  during  which 
the  carbonate  of  soda  and  ferrocyanide  of  sodium  separate  and  are 
removed  by  perforated  ladles.  The  partially  concentrated  liquor  is 
then  brought  up  to  a  specific  gravity  of  1  "45,  and  any  salts  which 
may  have  separated,  are  removed  in  the  same  way.  The  mother 
liquor  is  allowed  to  settle,  and  then  boiled  up,  until  on  cooling  it 
forms  a  solid  mass  of  caustic  soda. 

There  are  three  qualities  made,  very  excellent  specimens  of  each 
being  exhibited  by  Gaskell,  Deacon,  &  Company.  The  quality  depends 
on  the  freedom  from  sulphides  and  on  producing  no  precipitate  in 
an  aqueous  solution,  but  any  of  the  qualities  can  be  produced  of 
any  strength  of  real  alkali  up  to  about  75  per  cent.  These  specimens 
possess  a  light  blue  colour,  due  to  the  presence  of  manganate  of  soda, 
which,  though  an  impurity,  proves  the  absence  of  sulphides  and 
oxides  of  iron,  which  are  much  more  objectionable. 

CRYSTALLIZED  CAUSTIC  SODA.— Gaskell,  Deacon,  &  Company 
exhibit  an  interesting  sample  of  crystals  of  caustic  soda,  composed 
of — 

Soda,  .........  50  5 

Hyposulphite  of  soda,  ......  0'5 

Chloride  of  sodium,  .  .  ....  1  "8 

Water,  ........  47-2 

100-0 

They  are  produced  in  the  following  manner : — The  caustic  soda 
liquors  are  concentrated  until  they  are  nearly  strong  enough  to 
solidify  on  cooling,  but  just  before  they  reach  this  point,  the  process 
is  arrested,  and  they  are  allowed  to  cool  to  120°.  A  gentle  heat  and 
protection  from  the  air  in  suitable  apparatus,  allow7  the  liquors  to 
drain  off,  leaving  these  beautiful  crystals. 

The  great  importance  of  the  soda  trade  is  shown  in  the  following 
valuable  statistical  return,  which  has  been  prepared  by  Messrs. 
Henry  Deacon,  David  Gamble,  and  John  Hutchinson  : — 

Annual  value  of  finished  products,  ....  £2,500,000 

Weight  of  dry  products,  .....  tons  280,000 

RAW  MATERIALS  CONSUMED  PER  ANNUM. 

Tons. 

Salt, .  254,000 

Coal, .  961,000 

Limestone  and  chalk,  .......  280,500 

Pyrites,  .........  204,000 

Nitrate  of  soda,  ........  8,300 

Manganese,  ........  33,000 

Timber  for  casks,  .......  33,000 

Total, .  1,831,400 

CAPITAL  EMPLOYED  IN  THE  MANUFACTURE. 

In  land, . £235,000 

In  plant,  buildings,  &c.,  950,000 

Working  capital, .  ......  825,000 

Total  capital,  .  .  £2,010,000 

ANNUAL  COST  OF  MATERIALS  FOR  REFAIRS,  VIZ.  : - 

Stone,  bricks,  slates,  iron,  lead,  timber,  &c.  .  £135,500 

LABOUR,  NOT  INCLUDING  LABOUR  IN  TRANSIT. 

Persons  .  , 

No.  of  Hands  Dependent 

Employed.  on  Hands  A“°f 

Employed.  wages. 

Directly  employed,  .  10,000  ...  53,000  ...  £549,500 

Employed  in  getting  coal,  .  3,100  ...  15,500  ...  112,840 

“  making  salt,  .  420  ...  2,100  ...  16,380 

“  getting  and  break¬ 
ing  limestone, .  660  ...  3,300  ...  25,740 

“  getting  pyrites,  .  4,030  ...  20,150  ...  157,150 

“  felling  and  sawing 

timber  for  casks,  330  ...  1,650  ...  10,140 

Total  labour  employed  in  the  j 
manufacture,  and  in  the  ! 

..  'e  ,  >  19,140  ...  9o,700  ...  £8/l,7o0 

preparation  ot  raw  mate-  [  ’  ’  ’ 

rials  used  in  it,  .  J 

WEIGHT  OF  RAW  MATERIALS  AND  OF  FINISHED  PRODUCTS  TRANSPORTED. 

Tons  per  Annum. 

By  Inland  navigation,  ......  481,350 

“  Railway, .  1,154,300 

“  Coasting  vessels,  .......  722,300 

“  Foreign-going  vessels,  ......  182,800 

Total,  ......  2,540,750 

Mem. — About  one-fourth  of  the  raw  materials  and  finished  products  arc 
transhipped  in  transit. 

WEIGHTS  OF  WASTE  PRODUCTS. 

Tons  per  Annum. 

Alkali  waste,  burnt  ores,  cinders,  slag,  debris,  &c.  1,273,000 

Of  this  quantity,  about  one-third,  say  450,000  tons,  is 
transported  by  railways  and  canals,  the  remainder  is 
deposited  in  close  proximity  to  the  various  works. 

Waste  acid,  muriate  of  manganese  and  lime,  &c.  .  2,600,000 

Total  waste  products,  .  .  3,873,000 

The  proportion  in  wThich  these  compounds  are  manufactured  in 
the  different  districts  of  the  United  Kingdom  is  as  follows,  according 
to  another  return  of  Mr.  J.  Williamson  of  the  Jarrow  Chemical 
Works : — 

Newcastle-on-Tyne,  .......  49-6 

Lancashire,  .  .  .  .  .  .  .  .  21  4 

Glasgow  and  the  Clyde,  .  .  .  .  .  .  15-2 

Wales,  Ireland,  and  the  south-west  of  England,  .  .  8'2 

Midland  counties,  .......  5  6 

100-0 

HYPOSULPHITE  OF  SODA. — This  salt  is  now  extensively  used  as 
an  antichlor  by  the  paper-makers,  aud  as  a  fixing  agent  by  photo¬ 
graphers.  The  total  quantity  made  in  1851  did  not  exceed  100  tons, 
but  the  consumption  has  gone  on  gradually  increasing  until  the  pro¬ 
duction  is  at  least  1000  tons  per  annum.  It  was  first  produced  as  a 
manufacturing  product  at  the  Bonnington  Chemical  Works,  where 
it  is  still  made  in  a  state  of  great  purity.  The  largest  manufacturers 
at  present,  are  the  Walker  Alkali  Company,  who  exhibit  some  beau¬ 
tiful  samples  of  their  manufacture,  among  which  is  found  a  specimen 
of  this  salt.  They  make  it  by  Mr.  W.  S.  Losh’s  patent  process, 
which  consists  in  exposing  the  tank  waste  of  the  alkali  works  to 
the  atmosphere  for  a  few  days,  when  an  efflorescence  appears  on  the 
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Reaps.  It  is  then  thrown  into  iron  vats  and  lixiviated  with  water 
which  dissolves  out  the  sulphurous  compounds.  The  clear  super¬ 
natant  liquor  is  then  run  into  another  vat,  and  carbonate  of  soda 
added.  When  the  precipitate  has  subsided,  the  clear  solution  is 
evaporated,  and  this  salt  allowed  to  crystallize  on  cooling.  The 
salt  produced  by  this  process  is  chemically  pure.  This  salt  is  now 
being  employed  for  producing  sulphurous  acid,  being  cheaper  and 
more  manageable  than  the  old  plan  of  burning  sulphur.  A  saturated 
solution  of  this  salt  is  made  in  cold  water,  and  agitated  with  its 
equivalent  of  sulphuric  acid;  sulphur  is  precipitated,  and  a  saturated 
solution  of  sulphurous  acid  remains. 

STAGNATE  OF  SODA. — This  compound  is  extensively  employed 
as  a  mordant  in  dyeing  and  calico-printing,  and  is  chiefly  prepared 
by  the  process  of  Mr.  James  Young.  The  patentee  boils  the  ore, 
known  under  the  name  of  blade  tin,  with  caustic  soda  in  an  iron 
pot,  the  heat  being  gradually  raised  up  to  500°  or  600°  Fahr.  At 
this  temperature  the  soda  acts  upon  the  ore,  when  the  most  of  the 
oxide  of  tin  combines  with  the  alkali.  When  this  operation  is  com¬ 
plete,  the  heated  mass  is  removed  to  another  vessel  and  allowed 
to  cool.  The  cold  material  is  then  lixiviated  with  water,  and  the 
insoluble  matters  allowed  to  subside.  The  clear  solution  is  con¬ 
centrated  and  the  salt  allowed  to  crystallize,  or  it  is  boiled  down 
I  to  dryness. 

Mr.  Young  also  employs  nitrate  of  soda,  or  sulphide  of  sodium, 
modifying  the  operation  accordingly. 

The  writer  has  also  prepared  this  salt  from,  what  is  known  in 
trade  as,  tea-lead.  The  lead  is  melted  and  exposed  to  a  current  of 
hot  air,  which  oxidizes  the  metals.  The  oxide  of  lead  is  dissolved 
out  by  acetic  or  nitric  acids,  forming  an  acetate  or  nitrate  of  lead ; 
while  the  oxide  of  tin  which  remains,  is  converted  into  the  stannate 
in  the  usual  way. 

Mr.  John  Dale  peroxidizes  the  pretosalts  of  tin  by  exposing  them 
to  the  waste  nitrous  gases  which  are  evolved  in  the  manufacture  of 
arsenic  acid  from  the  white  arsenic  of  commerce. 

TUNGSTATE  OF  SODA. — This  salt  has  become  of  some  importance 
from  its  application  to  render  articles  of  dress  uninflammable.  It  is 
also  used  in  dyeing  and  calico-printing. 

The  mineral  vtolfram,  a  native  tungstate  of  iron  and  manganese, 
is  generally  found  associated  with  tin  ores.  Its  great  density  renders 
the  separation  from  the  tin  ore  a  matter  of  some  difficulty  in  the 
washing  operation,  while  its  presence  seriously  injures  the  quality 
of  the  tin  in  the  subsequent  smelting  process.  Mr.  Oxland  has 
overcome  this  difficulty  by  the  following  simple  and  ingenious 
process,  by  which  the  impure  tin  ore  is  not  only  enhanced  in 
value,  but  the  very  impurity  itself  is  converted  into  this,  now 
useful,  salt. 

The  tin  ore  is  dressed  in  the  usual  way,  and  then  mixed  with 
soda  ash  or  sulphate  of  soda.  The  mixture  is  exposed  to  a  strong 
red  heat  in  a  reverberatory  furnace,  the  sole  of  which  is  made  of 
cast-iron  plates,  the  flames  first  playing  over  the  materials  and  then 
passing  under  the  plates,  which  are  thus  heated  from  below.  The 
calcined  mass  is  then  lixiviated  with  water,  which  leaves  the  oxides 
of  tin,  iron,  and  manganese  behind,  and  the  clear  solution  is  concen¬ 
trated  until  a  saline  crust  forms  on  the  surface.  The  liquor  is  now 
run  into  coolers  to  crystallize. 

Messrs.  Versmann  &  Oppenheim  first  called  attention  to  the  valu¬ 
able  property  of  this  salt  in  rendering  linen,  cotton,  and  other  fabrics 
non-inflammable.  The  clothes  are  steeped  in  a  solution  containing 
20  per  cent,  of  this  salt,  and  dried,  when,  unlike  other  salts  recom¬ 
mended  for  this  purpose,  it  does  not  interfere  with  the  process  of 
ironing,  but  allows  the  hot  iron  to  pass  smoothly  over  the  fabric.  It 
is  said  to  be  constantly  used  in  her  Majesty’s  laundry. 

SILICATE  OF  SODA. — This  substance  was  first  manufactured 
on  a  large  scale  and  applied  to  industrial  purposes  by  Fuchs,  in 
1325.  Kulilmaun  in  France,  and  Rausome  in  this  country,  have 


since  introduced  many  improvements  in  its  preparation  and 
application. 

Fuchs  prepared  this  salt  by  fusing  a  mixture  of  sand  and  alkali 
in  a  reverberatory  furnace,  lixiviating  the  mass  and  concentrating 
the  solution  to  a  specific  gravity  of  1  24  or  T25. 

Ransome  and  Kuhlmann  heat  a  solution  of  caustic  alkali  with 
broken  flints  in  a  boiler  under  a  pressure  of  GO  lbs.  to  the  inch,  and 
when  the  solution  is  complete,  they  pass  it  through  a  sieve  to  sepa¬ 
rate  any  insoluble  matters.  The  solution  is  then  fit  for  use. 

This  silicate  of  soda  promises  to  become  a  most  important  agent 
in  hardening  stone,  and  protecting  it  from  the  disintegrating  action 
of  the  air.  Ransome  has  patented  a  very  important  improvement 
in  regard  to  this  application.  The  surface  of  the  stone  is  fresh 
cleaned,  to  remove  any  extraneous  matters,  and  then  washed  with 
the  solution  of  the  silicate  of  soda.  When  this  application  has 
dried,  a  solution  of  chloride  of  calcium  is  applied  in  the  same  way, 
when  silicate  of  lime  is  formed  in  the  pores  of  the  stone,  while  the 
chloride  of  sodium  may  be  washed  away  by  water. 

Bartlett  Brothers  have  introduced  another  and  even  greater  im¬ 
provement  in  the  use  of  this  substance,  which  consists  in  mixing  a 
solution  of  silicate  of  soda  with  a  solution  of  aluminate  of  soda,  in 
such  proportions  aud  of  such  a  strength,  that  the  mixed  solution 
will  remain  unaltered  for  some  time,  so  as  to  allow  of  the  necessary 
manipulations  for  some  hours  before  solidification  ensues.  They 
state  that  when  dry  the  silicate  of  alumina  is  perfectly  insoluble  in 
water,  or  even  dilute  sulphuric  acid. 

Another  valuable  application  proposed  by  F uchs,  is  in  the  prepara¬ 
tion  of  large  wall  surfaces  for  painting,  for  which  it  is  remarkably 
adapted,  from  its  property  of  causing  the  colours  to  adhere.  This 
kind  of  painting  is  called  stercocliromy. 

Fuchs  first  covers  the  wall  surface  with  ordinary  lime  mortar, 
which  is  exposed  for  some  days  to  the  air,  in  order  that  the  lime 
may  be  converted  into  a  basic  carbonate.  The  surface  is  then 
repeatedly  washed  with  this  water-glass,  as  this  solution  is  termed, 
each  coat  being  allowed  to  dry  before  another  is  added.  This  is 
called  the  lower  ground,  upon  which  the  upper  layer  is  laid,  which 
consists  of  mortar  in  which  the  lime  is  replaced  by  water-glass. 
Any  efflorescence  is  removed  by  a  wet  sponge,  aud  when  dry  the 
surface  is  ready  to  receive  the  colours. 

After  the  painting  is  finished,  the  colours  are  fixed  by  the  applica¬ 
tion  of  a  water-glass,  which  is  made  by  mixing  a  concentrated  solu¬ 
tion  saturated  with  silica,  with  a  solution  of  monosilicate  of  soda. 
This  is  necessary,  as  it  has  been  found  that  water-glass  saturated 
with  silica  is  liable  to  undergo  decomposition. 

Kuhlmann  has  simplified  the  method  of  Fuchs,  by  grinding  up  the 
colours  with  the  water-glass. 

This  water-glass  is  also  used  as  a  cement,  and  in  preparing  arti¬ 
ficial  stone,  either  alone  or  in  conjunction  with  aluminate  of  soda,  as 
patented  by  Bartlett  Brothers.  In  the  former  case,  the  stone  must 
be  heated,  but  this  is  unnecessary  in  the  latter. 

Silicate  of  soda  has  also  been  introduced  in  calico-printing  in 
stiffening  piece  goods,  and  it  is  employed  in  making  what  is  termed 
silica  soap,  and  as  a  substitute  for  resin  in  the  ordinary  manufacture 
of  this  article. 

BORAX  OR  BIBORATE  OF  SODA. — The  chief  supply  of  boracic 
acid  has  hitherto  been  confined  to  Tuscany,  where  it  issues  from  the 
earth  in  jets  of  steam  called  suffioni ,  which  are  condensed  in  arti¬ 
ficial  lagoons  or  basins  of  brickwork,  constructed  round  the  mouths 
of  these  openings,  the  ingenious  invention  of  Count  Larderel,  and 
so  well  known  as  to  require  no  detailed  description. 

An  impure  biborate  of  soda  is  found  in  Thibet,  Persia,  and  China, 
and  has  long  been  imported  into  this  country  under  the  name  of 
tincal. 

The  only  novelty  in  regard  to  the  supply  of  the  raw  material  is 
the  introduction  of  a  native  borate  of  lime  from  Peru,  called  teza  in 
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the  country.  A  sample  of  this  mineral,  analyzed  by  the  writer  and 
Mr.  Browed,  was  composed  of — 

Boracic  acid,  . 

Lime,  . 

Carbonate  of  lime,  . 

Sulphate  of  lime, 

Sulphate  of  soda,  . 

Chloride  of  sodium, 

Clay,  sand,  &c., 

Water,  . 

99-81 

It  is  found  in  the  large  plain  of  the  province  of  Tarapaca,  in 
some  places  in  a  loose  earth,  scattered  in  nodules  varying  in  size 
from  a  grain  of  Indian  corn  to  that  of  a  potato ;  and  in  other 
localities,  beneath  a  hard  crust  of  caliche,  consisting  of  nitrate  of 
soda,  common  salt,  and  other  substances. 

In  its  natural  state  it  is  white  and  fibrous,  with  a  silky  lustre. 

The  preparation  of  borax  from  the  boracic  acid  of  Tuscany  and 
the  tincal  of  Thibet  has  undergone  no  change,  and  that  from  borate 
of  lime  differs  very  slightly  from  the  ordinary  process.  The  car¬ 
bonate  of  soda  and  borate  of  lime  are  mixed  in  equivalent  propor¬ 
tions,  calcined  and  lixiviated,  when  the  subsequent  operations  are 
similar  to  those  pursued  with  boracic  acid. 

The  borate  of  lime  is,  however,  capable  of  use  as  a  glaze  without 
being  converted  into  borax.  The  writer  proposed  three  or  four 
years  ago  to  separate  the  soluble  and  insoluble  impurities  by  wash¬ 
ing.  Messrs.  Gaskell,  Deacon,  &  Company  exhibit  a  sample  of 
borate  of  lime  purified  in  this  way,  ready  for  potters’  use. 

These  gentlemen  also  exhibit  a  novelty  in  the  form  of  precipitated 
borax,  which  consists  of  minute  crystals  of  biboratc  of  soda  precipi¬ 
tated  from  its  solution  by  rapid  cooling.  This  process  effects  an 
!  economy  of  plant  and  time,  and  produces  a  very  pure  and  cheaper 
article. 

Mr.  Wood  has  a  very  fine  sample  of  borax  in  the  Exhibition  ;  and 
that  manufactured  by  Messrs.  Gaskell,  Deacon,  &  Company,  from 
borate  of  lime,  is  equally  beautiful  and  perfect. 

We  cannot  give  the  quantity  of  borate  of  lime  imported,  but  the 
average  quantities  of  the  other  compounds  of  boracic  acid  amount 
to  — 

Tons. 

Boracic  acid,  .......  1300 

Tincal,  ......  .  700 

Refined  borax,  .......  300 

SULPHATE  OF  SODA. — This  salt,  long  known  under  the  name  of 
cjlaubcr  salts ,  is  produced  in  its  anhydrous  state  in  enormous  quan¬ 
tities,  as  the  first  step  in  the  manufacture  of  carbonate  of  soda,  of 
which  several  very  pure  samples  are  shown  in  the  Exhibition.  This 
being  dissolved  in  water,  concentrated,  and  set  aside  to  crystallize, 
yields  glauber  salts,  of  which  samples  are  exhibited  by  Count 
Lariscli-Monnich. 

This  salt,  however,  possesses  some  interest  in  this  place,  as  hav¬ 
ing  been  found  in  large  quantities  at  Calmenar  de  Oreja  in  Spain, 
where  a  manufactory  is  being  established  for  its  conversion  into 
carbonate  of  soda. 

It  is  also  found  in  Peru  largely  mixed  with  nitrate  of  soda,  under 
the  local  name  of  caliche.  It  exists  in  considerable  deposits  in  a 
very  pure  state  in  other  parts  of  the  same  country. 

NITRATE  OF  SODA. —  Some  superior  samples  of  this  salt  are 
exhibited  among  the  products  of  Peru,  where  it  exists  in  such  enor¬ 
mous  quantities.  It  occurs  mixed  with  many  impurities,  and  in 
this  state  it  is  called  caliche  by  the  natives,  so  that  although  a  natural 
product,  a  manufacturing  operation  is  necessary  to  obtain  it  in  a 
state  of  comparative  purity.  The  chief  impurity  is  common  salt, 
which  is  nearly  as  soluble  in  hot  as  in  cold  water,  of  which  property- 
advantage  is  taken  to  separate  it  from  the  nitrate  of  soda. 


The  caliche  is  placed  in  an  inverted  semi-cone,  with  a  perforated 
cover  and  bottom,  and  a  jet  of  steam  is  admitted  through  the  side, 
while  some  mother  liquor  is  thrown  on  the  cover,  when  the  nitrate 
filters  through  in  solution  with  some  common  salt.  As  the  liquor 
cools  in  the  pans  the  nitrate  crystallizes  out,  leaving  the  common  salt 
in  solution.  The  mother  liquors,  if  concentrated,  allow  the  chloride 
of  sodium  to  salt  out,  while  on  cooling  the  liquor  another  crop  of 
nitrate  is  obtained.  In  this  state  it  is  imported  into  Europe,  the 
total  quantity  exceeding  35,000  tons  per  annum.  It  is  employed 
as  a  manure,  in  the  manufacture  of  sulphuric  and  nitric  acids,  in  the 
conversion  of  potash  salts  into  saltpetre,  and,  when  refined,  in  the 
manufacture  of  flint  glass. 

POTASH  AND  ITS  SALTS. 

The  salts  of  potash,  which  serve  as  the  basis  of  other  manufac¬ 
tures,  and  which  are  either  imported  or  extracted  from  the  raw 
materials  in  this  country,  constitute  a  very  important  branch  of 
commerce,  as  the  following  table  of  the  quautitics  imported  or 


manufactured  will  prove  : — 

Tons. 

Nitrate  of  potash, 

.  12,000 

Potashes  and  pearl-ashes, 

7,500 

Muriate  of  potash  from  kelp, 

2,230 

Sulphate  do.  do., 

670 

Do.  do.  from  argots, 

300 

Cream  of  tartar,  .... 

1,000 

CARBONATE  OF  POTASH. — There  is  nothing  new  to  report  as  to 
the  preparation  of  this  salt;  the  wood  ashes  of  America,  Poland,  and 
Russia  still  continue  to  be  the  chief  sources  of  supply,  and  the  pro¬ 
cess  for  its  extraction  and  purification  have  undergone  no  change. 

A  considerable  quantity,  however,  is  now  making  its  appearance, 
which  is  derived  from  the  beet-root  sugar  manufactories  on  the  Con¬ 
tinent.  When  the  molasses  have  undergone  a  fermentation  and  are 
distilled,  a  residue  is  left,  called  vinasse.  The  vinasses  are  mixed 
with  a  little  chalk  to  neutralize  any  acids  present,  then  boiled  to 
dryness,  and  calcined  in  a  reverberatory  furnace.  The  dry  mass  is 
lixiviated,  and  the  different  salts'  separated  from  each  other  by  salt¬ 
ing  out  some  and  crystallizing  the  others.  The  crude  saline  mass 
contains  on  an  average  in  100  parts — 

3  to  5  pci-  cent,  of  sulphate  of  potash. 

3(J  to  35  “  carbonate  of  potash. 

20  “  chloride  of  potassium. 

18  “  carbonate  of  soda. 

The  carbonate  of  potash  is  employed  in  the  manufacture  of  flint 
glass  and  soft  soap.  It  is  also  used  as  the  source  of  the  potash  in 
the  production  of  prussiate  of  potash.  This  and  other  salts  of 
potash  are  also  employed  in  the  conversion  of  nitrate  of  soda  into 
saltpetre. 

Several  plans  have  also  been  proposed  to  extract  the  potash  from 
felspar  and  similar  minerals,  but  up  to  this  date  none  have  succeeded 
on  a  manufacturing  scale.  Messrs.  Ward  &  Wynants  exhibit  sam¬ 
ples  to  illustrate  their  process,  which  consists  in  mixing  the  potash 
mineral  with  fiuor  spar  in  powder,  and  with  which  some  chalk  and 
lime  are  incorporated.  This  mixture  is  exposed  to  a  cherry-red 
heat  for  an  hour,  and  the  fritted  mass  is  lixiviated  with  hot  water, 
when,  the  patentees  state,  the  whole  of  the  potash  is  dissolved  out. 
The  silica  is  thrown  down  by  lime,  when  caustic  and  carbonated 
potash  are  obtained  by  boiling  down  the  solution.  The  insoluble 
residue  is  employed  as  a  cement. 

NITRATE  OF  POTASH. — This  compound  of  potash  has,  until 
recently,  been  chiefly  obtained  from  Bengal,  where  it  occurs  as  a 
natural  production  mixed  with  earthy  matters,  from  which  it  is 
separated  by  simple  lixiviation  and  evaporation  of  the  solution.  It 
is  also  manufactured  on  the  Continent  by  exposing  animal  matters 
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and  mortar,  marl  or  lime  ashes,  in  heaps  in  a  moist  state,  to  the 
action  of  the  air  in  a  sheltered  position.  These  heaps  and  their 
preparation  are  called  saltpetre  plantations,  and  the  process  by 
which  the  nitrogen  is  converted  into  nitric  acid  is  termed  the 
nitrification. 

When  the  nitrification  is  complete  the  mass  is  lixiviated  with 
water,  and  the  earthy  nitrates  are  transformed  into  saltpetre  by  the 
addition  of  wood  ashes,  sulphate,  or  muriate  of  potash.  The  im¬ 
purities  are  separated,  and  the  nitrate  of  potash  is  submitted  to 
repeated  crystallizations,  in  order  to  obtain  it  as  pure  as  possible. 

In  many  parts  of  the  Continent  the  peasants  prepare  the  crude 
salt  for  the  respective  owners  of  the  soil  or  the  government  in 
place  of  rent  or  taxes.  Several  samples  of  this  manufacture  are 
exhibited. 

In  this  country,  as  well  as  abroad,  the  impure  nitrate  of  potash 
passes  into  the  hands  of  manufacturers,  who  refine  it  by  solution 
and  crystallization.  A  very  fine  sample  of  this  refined  saltpetre  is 
exhibited  by  Richardson  Brothers  &  Company.  Refined  saltpetre 
has  long  been  manufactured  by  Mr.  Hill  of  Deptford,  from  sulphate 
or  muriate  of  potash  and  nitrate  of  soda,  when  the  relative  prices  of 
the  three  salts  enabled  him  to  work  to  a  profit. 

An  extensive  trade  in  the  production  of  this  salt  has  arisen  on 
the  Continent,  where  the  potash  from  the  beet-rcot  sugar  manu¬ 
factories,  is  rendered  caustic  by  lime,  and  mixed  with  its  equivalent 
of  nitrate  of  soda.  The  liquors  are  then  boiled  up  to  strength, 
when  the  saltpetre  crystallizes,  leaving  caustic  soda  in  solution. 
The  saltpetre  is  refined  by  recrystallization. 

CHLORATE  OF  POTASH.— This  salt  may  be  prepared  by  passing 
chlorine  through  potash,  boiling  the  solution  until  all  the  hypochlorite 
is  decomposed,  when  chlorate  of  potash  and  chloride  of  potassium 
remain,  and  the  former  separates  as  a  crystalline  powder.  Another 
plan  consists  in  boiling  a  solution  of  bleaching  powder  until  a  similar 
change  ensues,  when  the  chlorate  of  lime  is  decomposed  by  sulphate 
or  muriate  of  potash,  when  the  sulphate  of  lime,  in  the  former  case, 
precipitates  as  one  insoluble  powder,  or  the  chlorate  of  potash,  in 
the  latter  case,  is  separated  by  crystallization  from  the  chloride  of 
calcium.  A  modification  of  the  two  processes,  invented  by  Mr. 
James  Young,  is  now  generally  adopted.  An  excess  of  chlorine 
is  passed  through  a  mixture  of  caustic  lime  and  chloride  of  potassium 
and  water,  in  leaden  tanks  heated  by  steam.  Chloride  of  calcium 
remains  in  solution,  and  the  chlorate  of  potash  is  obtained  by 
crystallization.  The  change  which  takes  place  is  represented  in 
the  following  equation  : — 

KC1  +  6  Cao  +  6  Cl  =  Ko,  Clo5  +  6  Ca  Cl. 

This  salt  is  used  in  making  pyrotechnical  mixtures,  in  the  manufac¬ 
ture  of  percussion  caps,  and  in  the  composition  with  which  lucifer 
matches  are  tipped.  A  beautiful  sample  is  exhibited  by  Messrs. 
Albright  &  Wilson. 

BICHROMATE  OF  POTASH. — This  valuable  salt  is  chiefly  manu¬ 
factured  at  Glasgow  by  Messrs.  J.  &  J.  White,  who  exhibit  very 
fine  samples.  Several  inventors  have  proposed  various  modifications 
of  the  old  process  for  making  this  salt,  but  we  can  only  notice  that 
of  Jacquelain,  which  is  said  to  possess  many  practical  advantages 
over  the  usual  plan. 

The  chrome  iron  ore,  in  fine  powder,  is  mixed  with  chalk  in  rotat¬ 
ing  barrels,  and  then  spread  over  the  sole  of  a  reverberatory  furnace, 
where  it  is  heated  to  bright  redness  for  nine  or  ten  hours.  The 
mass  is  ground  to  powder,  mixed  with  water,  and  a  slight  excess  of 
sulphuric  acid  added.  The  solution  then  contains  bichromate  of 
lime,  and  some  sulphate  of  iron,  which  does  not  act  upon  the  bichro¬ 
mate.  The  clear  solution  can  be  employed  directly  for  the  produc¬ 
tion  of  chromate  of  lead  or  zinc  ;  or  by  treatment  with  carbonate  of 
potash,  the  lime  is  thrown  down  and  the  bichromate  of  potash 
obtained  by  crystallization. 


MANGANATE  AND  PERMANGANATE  OF  POTASH. 

A  beautiful  specimen  of  manganate  of  potash  is  exhibited  by  Mr. 
H.  B.  Condy,  prepared  in  the  usual  way,  but  in  a  state  of  great 
purity.  The  same  manufacturer  also  exhibits  standard  solutions  of 
permanganate  of  potash,  which  have  not  hitherto  been  the  subjects 
of  manufacturing  operations.  These  compounds  form  the  active 
constituents  of  his  useful  disinfecting  liquid,  and  the  valuable  pro¬ 
perties  it  possesses,  justify  the  encomiums  which  Dr.  Hoffman  and 
others  have  expressed  regarding  its  use  in  medicine,  and  for  purposes 
of  hygeine. 

BARYTA  AND  ITS  SALTS. 

The  use  of  sulphate  of  baryta  for  mixing  with  white  lead  in  the 
preparation  of  inferior  qualities  of  white  paint,  has  led  to  the  estab¬ 
lishment  of  several  manufactures,  where  the  native  sulphate  is 
levigated  and  washed  with  a  dilute  acid,  in  order  to  obtain  this  salt  of 
a  pure  white  colour,  and  in  the  form  of  an  impalpable  powder.  It 
is,  however,  to  M.  Kuhlmann,  who  exhibits  several  beautiful  speci¬ 
mens,  that  we  are  indebted  for  the  preparation  of  the  salts  of  baryta 
on  a  manufacturing  scale. 

CHLORIDE  OF  BARIUM. — Kuhlmann  prepares  this  substance  by 
neutralizing  the  refuse  liquid  of  the  bleaching  stills  with  chalk  and 
lime,  which  is  then  run  on  a  mixture  of  native  sulphate  of  baryta, 
coals,  and  chalk,  in  a  reverberatory  furnace.  The  mixture  is  dried, 
then  heated  to  redness,  and  the  mass  lixiviated.  The  solution  by 
evaporation  yields  crystals  of  pure  chloride  of  barium. 

SULPHATE  OF  BARYTA. — The  chloride  of  barium  is  dissolved  in 
water,  and  carefully  decomposed  by  sulphuric  acid,  when  the  pre¬ 
cipitated  sulphate  of  baryta  is  separated  from  the  liquor  by  decanta¬ 
tion,  and  washed  till  quite  free  from  all  foreign  matter.  In  this 
form  it  possesses  a  beautiful  colour  and  considerable  body  or  cover¬ 
ing  powers,  and  is  extensively  used  on  the  Continent  as  a  colour 
under  the  name  of  blanc  fix.  It  is  also  employed  in  this  country 
under  the  name  permanent  white ,  for  coating  visiting  cards. 

The  liquid  from  which  the  sulphate  of  baryta  has  been  separated 
is  a  solution  of  very  pure  hydrochloric  acid,  which  may  be  concen¬ 
trated  by  evaporation. 

NITRATE  OF  BARYTA.— Kuhlmann  dissolves  equivalent  quantities 
of  chloride  of  barium  and  nitrate  of  soda  in  water  so  as  to  form  hot 
saturated  solutions,  which  are  mixed  in  this  state,  and  on  cool¬ 
ing  nearly  all  the  nitrate  of  baryta  is  obtained  in  a  crystalline  form. 
He  employs  the  nitrate  for  the  preparation  of  caustic  baryta  by  heat¬ 
ing  the  salt  in  stoneware  vessels.  The  nitrous  compounds  are  con¬ 
veyed  to  sulphuric  acid  chambers,  by  saving  which,  the  cost  of  the 
caustic  baryta  is  materially  reduced.  He  also  decomposes  a  hot 
saturated  solution  of  nitrate  of  baryta  by  means  of  sulphuric  acid, 
by  which  he  obtains  the  sulphate  of  baryta  and  a  very  pure  white 
acid,  which  can  be  brought  up  to  strength  by  boiling  in  porcelain 
vessels. 

CHLORIDE  OF  LIME. 

There  is  probably  no  substance  in  the  whole  range  of  chemical 
manufactures  which  has  exercised  so  important  an  influence  on  the 
extension  of  the  textile  fabrics  in  this  country  as  bleaching  powder, 
which,  in  its  present  form,  we  owe  to  the  late  Mr.  Tennant  of  the 
St.  Rollox  Chemical  Works,  Glasgow. 

There  are  no  great  changes  in  its  manufacture  to  describe  since 
1851.  The  cost  of  production  depends  on  the  three  important  items 
of  wear  and  tear,  hydrochloric  acid,  and  the  black  oxide  of  manganese. 

As  regards  the  first,  manufacturers  have  generally  adopted  the 
use  of  stills  made  of  large  stone  flags,  which  are  boiled  in  tar  before 
being  put  together.  The  introduction  of  steam  inside  of  the  still 
towards  the  end  of  the  operation,  and  the  application  of  a  steam 
heat  in  an  external  jacket,  have  enabled  the  manufacturers  to  obtain 
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a  larger  produce  from  the  same  weight  of  materials.  These  arrange¬ 
ments  have  reduced  the  cost  of  repairs. 

The  hydrochloric  acid  employed  must  be  as  strong  as  possible; 
and  although  the  use  of  metal  pans  in  decomposing  common  salt 
has  increased  the  quantity  of  strong  acid,  many  manufacturers  obtain 
less  than  they  can  work  up  in  making  this  substance.  This  defi¬ 
ciency  promises  to  he  met,  to  some  extent,  by  a  recent  improvement 
of  Mr.  Clapham.  The  patentee  employs  an  apparatus  analogous  to 
that  of  Gay-Lussac  for  pumping  up  sulphuric  acid  to  his  denitrating 
columns.  The  weak  hydrochloric  acid  which  is  condensed  from 
the  drying  flats  of  the  sulphate  ash,  is  emplo37ed  instead  of  water  for 
condensing  the  hydrochloric  acid  gas  which  is  evolved  from  the 
decomposing  pans,  by  which  it  is  not  onljT  saved,  but  rendered 
available  for  the  manufacture  of  the  chloride  of  lime. 

The  manganese  ore  was  first  obtained  from  Devonshire,  and  as 
this  source  was  becoming  exhausted,  a  fresh  supply  was  found  in 
German}7,  which,  in  its  turn,  has  given  place  to  the  produce  of  mines 
recently  discovered  in  Spain.  All  these  sources  of  supplj7,  however, 
would  not  have  kept  down  the  price,  had  not  the  late  Mr.  Dunlop 
discovered  his  beautiful  and  ingenious  process  for  recovering  the 
peroxide  from  the  waste  liquor  of  the  chlorine  stills.  This  estimable 
and  talented  gentleman,  who  died  in  the  prime  of  life,  employed 
the  following  process  : — The  waste  liquor  of  the  stills  is  first  freed 
from  iron  by  the  action  of  chalk  in  the  cold.  The  purified  solution 
of  chloride  of  manganese  is  then  mixed  with  chalk,  and  heated  in 
large  boilers  under  pressure,  while  the  contents  are  agitated  bj-  a 
spindle  and  arms  passing  lengthwise  through  the  apparatus.  The 
carbonate  of  manganese  which  is  formed  is  afterwards  washed  free 
from  the  chloride  of  calcium,  and  partially  air-dried.  This  finely 
divided  carbonate  of  manganese  is  placed  in  iron  trays,  which  are 
slowly  drawn  through  a  chamber,  where  it  is  exposed  to  a  carefully 
regulated  temperature  and  a  current  of  atmospheric  air,  by  which 
the  carbonic  acid  is  expelled,  and  a  remarkably  pure  peroxide  of 
manganese  is  obtained. 

The  cost  of  the  manganese  has  led  many  chemists  to  seek  some 
cheaper  plan  for  producing  chlorine,  but  we  can  only  briefly  allude 
to  two  of  these  processes. 

One  of  these  plans  is  in  operation  at  the  St.  Rollox  Works,  and 
is  also  the  invention  of  the  late  Mr.  Dunlop.  One  equivalent  of 
nitrate  of  soda  and  three  of  common  salt  are  thrown  into  iron 
cylinders  lined  with  brick,  where  they  are  decomposed  by  sulphuric 
acid.  Bisulphate  of  soda  remains  behind,  and  the  gases,  composed 
of  chlorine,  hydrochloric  and  nitrous  acids,  are  passed  through 
sulphuric  acid,  which  absorbs  the  last-named  acid.  The  remaining 
acid  and  chlorine  are  then  conveyed  through  a  condensing  column, 
where  the  hydrochloric  acid  is  removed  by  water,  and  the  chlorine 
passes  into  the  lime  chamber 

The  other  plan  is  that  of  Mr.  Shanks  of  St.  Helens,  who  has 
manufactured  many  tons  of  bleaching  pow7der  by  his  process.  This 
plan  consists  in  decomposing  chromate  of  lime  by  hydrochloric  acid, 
when  chlorine  is  evolved,  and  the  chlorides  of  chromium  and  calcium 
remain  behind  in  the  still.  This  solution  is  then  treated  with  lime 
to  precipitate  the  oxide  of  chromium,  which  is  separated  from  the 
chloride  of  calcium,  washed,  mixed  with  another  equivalent  of 
lime  and  roasted  at  a  low  red  heat  in  contact  w'ith  a  current  of 
atmospheric  air,  when  the  chromate  of  lime  is  reproduced.  This 
ingenious  process,  therefore,  continually  reproduces  the  material  on 
which  the  formation  of  the  chlorine  depends. 

Superior  samples  of  bleaching  powder  are  exhibited  by  the 
Jarrow  Chemical  Company;  Gaskell,  Deacon,  &  Company;  Mr. 
Shanks,  and  other  manufacturers. , 

MAGNESIA  AND  ITS  SALTS. 

There  are  only  two  salts  of  magnesia  which  have  any  commercial 
importance,  viz.,  the  sulphate  and  carbonate. 


SULPHATE  OF  MAGNESIA — This  compound,  so  well  known  under 
the  name  of  epsom  salts,  of  which  a  beautiful  specimen  is  exhi¬ 
bited  by  the  Jarrow  Chemical  Company  (Fig.  587),  is  chiefly  manu¬ 
factured  from  the  rough  epsoms  of  the  Yorkshire  Alum  Works. 
The  interest  attaching 
to  this  salt  on  the  pre¬ 
sent  occasion,  arises, 
however,  from  the  new 
source  whence  it  is  being 
obtained  on  a  large 
scale  near  Montpellier, 
in  the  south  of  France, 
by  the  ingenious  pro¬ 
cesses  of  M.  Balard. 

This  gentleman  man¬ 
ages  the  salt  gardens  on 
the  coast  of  the  Medi¬ 
terranean  in  the  follow¬ 
ing  manner: — The  salt  is 
separated  from  the  sea 
water  in  the  usual  way, 
but  the  mother  liquors, 
or  bitterns ,  instead  of 
being  rejected,  are  ex¬ 
posed  to  the  air  on  sur¬ 
faces  of  clay,  about  an 
acre  in  extent,  until  they 
acquire  a  density  of 
1‘320.  During  this  ex¬ 
posure,  they  deposit  a 
mixture  of  common  salt 
and  sulphate  of  magnesia 
in  about  equal  proportions, 

The  liquors  are  then  run  into  deep  reservoirs,  so  that  a  fall  of 
rain  will  not  sensibly  lessen  their  specific  gravity.  They  remain 
here  until  the  months  of  November  and  December,  when  the  tem¬ 
perature  falls  to  -f-  5°  C,  and  they  are  then  exposed  on  the  evapo¬ 
rating  tables,  when  the  greater  part  of  the  sulphate  of  magnesia  pre¬ 
sent  is  deposited  almost  free  from  other  salts. 

During  the  next  summer  the  remaining  mother  liquors  are  again 
exposed  for  further  evaporation,  when  another  deposit  is  obtained, 
consisting  of  a  double  chloride  of  potassium  and  magnesium,  with  a 
little  common  salt.  The  double  salt  yields,  by  two  successive  refin¬ 
ings,  a  pure  chloride  of  potassium  containing  99  per  cent. 

CARBONATE  OF  MAGNESIA. — This  salt  was  formerly,  and  is  still 
to  a  limited  extent,  prepared  by  adding  carbonate  of  soda  to  the 
bittern  liquors  previously  mentioned,  but  the  principal  production 
is  now  obtained  by  the  late  Mr.  Pattinson’s  beautiful  process,  of 
which  a  fine  sample  is  exhibited  by  Mr.  J.  L.  Bell. 

Magnesian  limestone  is  submitted  to  the  action  of  carbonic  acid 
and  water  under  pressure,  when  a  solution  of  bicarbonate  of  mag¬ 
nesia  is  obtained.  This  solution  is  then  heated,  when  the  carbonate 
of  magnesia  is  precipitated  in  a  state  of  great  purity.  The  sub¬ 
sequent  treatment  does  not  differ  from  that  formerly  pursued. 

ALUMINA  AND  ITS  COMPOUNDS. 

The  production  of  the  compounds  of  alumina  may  be  said  to  be 
one  of  the  oldest  of  chemical  manufactures,  having  been  commenced 
as  long  ago  as  the  twelfth  century,  in  w7hich  respect  it  stands  in 
striking  contrast  with  all  the  manufactures  mentioned  in  the  pre¬ 
ceding  pages.  In  the  fifteenth  century  alum  works  were  in  operation 
in  the  neighbourhood  of  Constantinople,  hut  previous  to  that  date 
Europe  was  supplied  writh  the  alum  made  at  Rocca  in  Syria,  hence 
the  well-known  designation  JRocc  alum.  The  process  of  making 
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alum  was  introduced  into  Europe  first  at  Folfa  in  the  Italian  States, 
which  long  maintained  a  monopoly,  and  the  very  term  Roman  alum 
has  scarcely,  even  now,  disappeared  from  trade.  In  the  seventeenth 
century  the  manufacture  was  brought  to  this  country,  and  in  the 
first  localities  where  it  was  made  there  are  still  alum  works  in 
operation. 

ALUM — As  if  to  vindicate  its  antiquity,  no  chemical  production 
makes  a  more  striking  display  in  the  present  Exhibition  than  alum, 
of  which  very  beautiful  samples  are  shown  by  the  Ilurlet  and  Camp- 
sie  Alum  Company,  the  Metropolitan  Alum  Company,  J.  Wilson  & 
Sons,  and  Mr.  P.  Spence. 

Until  within  a  comparatively  recent  period  all  the  alum  was  made 
from  the  native  alum  shale,  notwithstanding  the  observation  of 
Cliaptal,  that  it  might  be  obtained  by  acting  on  clay  with  sulphuric 
acid.  The  old  process  of  roasting  alum  shale  is  still  continued  at 
Whitby  and  in  Scotland ;  hut  the  march  of  improvement  having  once 
set  in,  no  less  than  forty  patents  connected  with  the  manufacture  of 
aluminous  compounds  have  been  taken  out  since  the  year  1826. 

It  would  be  out  of  place  to  describe  the  old  method  of  making 
alum  in  these  pages.  Formerly  nothing  but  potash  alum  was  manu¬ 
factured,  and  a  great  step  was  taken  in  introducing  crystallized  sul¬ 
phate  of  ammonia  as  the  alkali ;  but  the  chief  cause  of  the  more 
economical  production  of  this  compound  dates  from  Mr.  Spence’s 
successful  employment  of  the  shale  of  the  coal-measures,  as  the 
source  of  the  alumina,  in  the  year  1844. 

Since  then  one  improvement  after  another  has  followed  from 
Messrs.  Spence,  Wilson,  Croll,  and  others,  until  the  price  of  alum 
has  fallen  from  upwards  of  £10  to  £6  per  ton. 

It  would  be  impossible  to  go  into  all  the  varied  details  of  these 
patents,  but  economy  of  fuel  and  time  is  accomplished  by  drawing 
the  calcined  shale  in  a  hot  state  into  acid  also  heated,  in  employing 
the  ammoniacal  liquor  of  gas  works  itself  as  the  source  of  ammonia 
instead  of  sulphate  of  ammonia,  or  in  removing  the  ammonia  from 
coal  gas  at  once,  by  the  crude  sulphate  of  ammonia  in  shale  which 
has  been  treated  with  acid,  as  patented  by  Mr.  Croll. 

SULPHATE  OP  ALUMINA. — This  compound  was  manufactured 
at  one  time  to  a  larger  extent  than  it  is  at  present.  The  process  is 
conducted  in  the  following  manner : —  Pipe-clays  are  calcined  in 
reverberatory  furnaces,  and  then  mixed  by  mechanical  means  with 
sulphuric  acid.  The  mass  is  afterwards  lixiviated,  and  the  liquor 
boiled  down  in  leahen  pans  by  steam  heat,  until  on  being  run  into 
large  shallow  pans,  it  becomes  solid  on  cooling,  forming  a  cake  a  few 
inches  in  thickness. 

A  very  pure  form  of  this  sulphate  of  alumina  is  prepared  by 
running  the  liquor  into  large  vats  before  being  boiled  to  strength, 
when  the  iron  is  then  precipitated  by  prussiate  of  soda  and  allowed 
to  subside.  The  clear  purified  liquor  is  then  boiled  up  to  strength, 
and  run  into  the  coolers.  The  precipitated  Prussian  blue  is  col¬ 
lected  and  treated  with  soda,  by  which  the  prussiate  of  soda  is 
re-formed,  ready  for  another  operation. 

ALUMINOUS  CAKE. — It  is  a  subject  of  regret  that  this  valuable 
compound  is  not  exhibited  by  the  inventor,  Mr.  II.  D.  Pochin,  who 
first  used  china  clay  economically  in  the  manufacture  of  sulphate  of 
alumina.  The  low  price  to  which  alum  has  recently  fallen  must  be 
attributed  to  the  favour  with  which  this  new  compound  has  been 
received  by  the  public. 

It  is  prepared  by  calcining  and  grinding  clay  to  a  moderately 
fine  powder,  which  is  then  boiled  with  sulphuric  acid.  The  acid 
combines  with  the  whole  of  the  alumina,  and  as  the  mass  cools  it 
solidifies,  which  is  then  applicable  to  most  of  the  purposes  for  which 
alum  is  used. 

ALUMINATE  OF  SODA.  —  Mr.  J.  L.  Bell  exhibits  a  beautiful 
sample  of  this  salt,  which  promises  to  become  a  most  important 
agent  in  the  preparation  of  numerous  compounds. 

A  remarkable  iron  ore  found  at  Beaux,  near  Arles  in  France, 


forms  the  basis  of  the  manufacture.  It  consists  of  water,  oxide  ot 
iron,  and  alumina,  up  to  50  per  cent.,  with  little  or  no  silica. 
It  is  fused  with  soda  or  carbonate  of  soda  and  a  little  carbon, 
to  prevent  the  formation  of  ferric  acid,  and  the  mass  is  then  lixi¬ 
viated.  The  solution  yields  the  aluminate  of  soda  in  a  pure  state 
by  evaporation. 

As  all  these  combinations  of  alumina  owe  their  industrial  value 
as  mordants  to  the  per  centage  of  alumina  present,  this  compound 
possesses  a  great  superiority,  as  the  following  table  proves  : — 

Ammonia  alum,  .  .  .  11‘4  per  rent,  alumina. 

Sulphate  of  alumina,  .  .  .  13'4  “  “ 

Aluminate  of  soda,  .  .  .  48'0  “ 

The  freedom  from  iron  and  great  solubility  in  water  are  also 
advantages  which  this  substance  possesses  in  a  much  greater  degree 
than  the  other  salts  of  alumina. 

ALUMINATE  OF  FOTASH.— Messrs.  Bartlett  Brothers  &  Com¬ 
pany  exhibit  a  solution  of  this  salt  of  1‘100  specific  gravity,  which 
may  be  said  to  be  a  chemical  compound,  the  water  being  in  com¬ 
bination.  An  addition  of  water  throws  down  alumina,  and  had  the 
concentration  been  carried  farther,  part  of  the  alumina  would  also 
have  been  precipitated.  This  compound  is  employed  by  the  inventors 
for  hardening  stone,  in  conjunction  with  silicate  of  potash,  and  in 
the  preparation  of  artificial  pumice  stone  for  coach-builders. 

ALUMINA. — Mr.  J.  L.  Bell  exhibits  samples  of  this  earth  in  a 
pure  form,  prepared  from  his  aluminate  of  soda  by  the  action  of 
carbonic  acid,  which  is  forced  into  a  cylinder  containing  the  alkaline 
salt  in  solution,  and  by  means  of  an  agitator  an  intimate  contact  is 
effected  between  the  gas  and  the  liquid.  The  gelatinous  precipi¬ 
tated  alumina  is  separated  by  decantation  and  filtration,  either  on  the 
centrifugal  principle  in  a  turbine  or  in  vacuo,  by  exhausting  the  air 
below  the  filter,  and  the  remaining  liquor  is  driven  out  by  means  of 
a  hydraulic  press.  If  the  solution  of  alumina  is  mixed  with  organic 
or  inorganic  matters,  they  are  carried  down  along  with  the  precipi¬ 
tated  alumina,  and  in  this  way  lakes  may  he  manufactured  more 
advantageously  than  at  present.  This  alumina  can  also  be  applied 
in  the  preparation  of  paper  pulp,  in  the  production  of  coloured  or 
refractory  porcelains,  in  the  printing  and  dyeing  of  fabrics,  and  in 
tbe  production  of  paintings  on  porcelain  and  glass,  &c. 

The  annual  production  of  the  compounds  of  alumina  in  this  country 
is  said  to  be  as  follows : — 


Ammonia  alum, 

Tons. 

.  17,000 

Potash  alum, 

Sulphate  of  alumina, 

700 

1,200 

Aluminous  cake,  . 

5,000 

Aluminate  of  soda,  &c.,  . 

METALLIC 

SALTS. 

239,000 

With  the  exception  of  the  sulphates  of  copper  and  iron,  and  the 
oxychloride,  nitrate,  and  acetate  of  lead,  we  are  not  aware  that 
any  new  processes  have  been  introduced  for  the  manufacture  of 
these  salts. 

OXYCHLORIDE  OF  LEAD  — A  beautiful  sample  of  this  compound 
is  exhibited  by  Mr.  J.  L.  Bell,  manufactured  by  the  ingenious  pro¬ 
cess  of  the  late  Mr.  H.  L.  Pattinson.  It  is  prepared  by  decompos¬ 
ing  galena  by  means  of  hydrochloric  acid,  and  washing  the  result¬ 
ing  chloride  of  lead,  to  remove  any  chloride  of  iron  and  other 
soluble  impurities.  The  washed  chloride  of  lead  is  then  dissolved 
in  hot  water,  and  the  whole  allowed  to  settle.  Lime  water  is  added 
to  the  clear  solution  in  the  proportion  of  one  equivalent  of  lime  to 
two  equivalents  of  the  chloride,  when  a  precipitate  falls  having  the 
composition  Pb  Cl,  PbO.  This  oxychloride  is  now  manufactured 
at  Washington  to  the  extent  of  1000  to  1200  tons  per  annum,  and 
sold  as  a  white  pigment,  which  is  said  to  be  superior  to  white  lead 
both  as  regards  body  and  colour. 

3  L, 
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NITRATE  OP  LEAD. — Very  fine  samples  of  this  salt  are  exhi¬ 
bited  by  Messrs.  Bouck  &  Company  and  Messrs.  Roberts,  Dale,  & 
Company.  The  writer  proposed  to  manufacture  this  salt  from  tea 
and  hard  leads,  which  contain  tin  or  antimony.  These  leads  of 
commerce  are  melted  and  exposed  to  a  current  of  heated  air,  by 
which  the  foreign  metals  are  oxidized,  along  with  a  small  portion 
of  the  lead,  leaving  the  great  bulk  of  the  latter  metal  in  a  soft  con¬ 
dition,  fit  for  rolling,  &c.  The  mixed  oxides  are  skimmed  off  the 
surface  of  the  molten  metal,  and  when  heated  with  nitric  acid,  the 
antimony  and  tin  are  left,  while  this  useful  salt  is  obtained.  This 
salt  is  employed  in  dyeing  and  printing,  and  in  the  production  of 
chromate  of  lead. 

ACETATE  OF  LEAD. — The  writer  proposed  a  similar  process  to 
the  above  for  the  preparation  of  this  salt,  and  Mr.  Johnson  has  sug¬ 
gested  heating  the  test  bottoms  which  are  left  in  the  cupellation  of 
silver-lead  with  acetic  acid,  which  dissolves  out  the  lead  and  leaves 
the  bone  ashes  fit  for  another  operation.  Samples  of  this  salt  are 
exhibited  by  various  manufacturers. 

SULPHATE  OF  IRON. — This  salt  has  long  been  obtained  by  ex¬ 
posing  coal  brasses  to  the  oxidizing  action  of  the  air,  adding  old  iron 
to- the  liquors  to  reduce  any  peroxide  to  the  state  of  protoxide,  and 
to  neutralize  the  free  acid.  The  matt  obtained  from  reducing  the 
sulphur  ores  of  antimony  and  lead  are  also  employed  for  the  pro¬ 
duction  of  this  salt.  They  are  reduced  to  a  coarse  powder  and 
heated  with  sulphuric  acid,  when  sulphate  of  iron  is  formed.  The 
sulphuretted  hydrogen  which  is  evolved  is  burnt,  and  the  sulphurous 
acid  is  converted  into  sulphuric  acid  in  the  usual  way.  It  has  also 
been  proposed  to  pass  sulphurous  acid  and  steam  through  the  refuse 
burnt  sulphur  ores  from  alkali  works,  when  this  acid  is  oxidized  at 
the  expense  of  the  peroxide  of  iron,  and  a  solution  of  sulphate  of 
iron  is  obtained.  The  sulphurous  acid  in  this  case  is  obtained  by 
burning  either  the  small  sulphur  ores  or  those  too  poor  to  be  suit¬ 
able  for  the  manufacture  of  sulphuric  acid.  In  the  Manchester  dis¬ 
trict  alone  about  4000  tons  of  this  salt  are  made  per  annum.  Very 
fine  samples  of  this  salt  are  exhibited  by  the  Messrs.  Muspratt. 

SULPHATE  OF  COPPER. —  Messrs.  Bouck  &  Company  exhibit 
splendid  crystals,  some  of  which  are  said  to  be  produced  from  copper 
ores  by  a  new  process,  instead  of  the  old  plan  of  roasting  copper 
sheathing,  &c.,  and  dissolving  it  in  sulphuric  acid, 

CHLORIDE  OF  TIN. — Messrs.  Haworth  &  Brooke  exhibit  very 
fine  specimens  of  salt,  of  which  about  166  tons  per  week  are 
manufactured  near  Manchester,  but  we  have  nothing  novel  to  com¬ 
municate  regarding  the  process  employed  in  its  production.  It  is 
used  as  a  mordant  in  dyeing  and  printing,  more  particularly  in 
Turkey  red. 

The  other  salts,  chloride  of  gold,  nitrates  of  silver,  copper,  and 
iron,  are  produced  in  the  ordinary  way ;  and  of  these  compounds 
many  beautiful  samples  are  exhibited  by  Messrs.  Davy,  M‘Murdo, 
&  Company,  and  Messrs.  Johnson  &  Sons. 

MINERAL  ACIDS. 

We  have  already  described  in  the  first  pages  the  recent  improve¬ 
ments  introduced  into  the  manufacture  of  sulphuric  acid,  as  this 
acid  is  the  means  of  production  of  so  many  of  the  compounds  to 
which  the  subsequent  pages  are  devoted.  We  have  also  inci¬ 
dentally  noticed  the  plans  of  Mr.  Clapham  for  making  strong  hydro¬ 
chloric  acid  in  connection  with  the  production  of  bleaching  powder, 
as  well  as  the  processes  of  M.  Kuhlmann  for  the  manufacture  of 
hydrochloric  and  nitric  acids  in  connection  with  the  preparation  of 
blanc  fix.  These  latter  acids  are  exhibited  in  a  state  of  great  purity 
Ly  Messrs.  Chance  Brothers  and  Messrs.  Foot  &  Company. 

HYDROCHLORIC  ACID. — The  discovery  of  M.  Pelouze  maj- 
be  turned  to  good  account  for  the  manufacture  of  this  acid  in 
localities  where  chloride  of  calcium  is  a  waste  product,  and  where 
the  ordinary  sources  of  supply  fail  to  meet  the  demand.  He  has 
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found  that  when  this  substance  is  exposed,  at  a  red  heat,  to  tho 
action  of  steam,  it  is  nearly  entirely  decomposed,  yielding  a  supply 
of  superior  hydrochloric  acid,  which  is  freely  disengaged  from  the 
chloride  of  calcium. 

NITRIC  ACID. — This  and  the  preceding  acid  are  generally 
manufactured  from  Ditrate  of  soda  and  common  salt,  with  sulphuric 
acid,  in  metal  cylinders ;  but  the  following  more  economical  arrange¬ 
ment  has  been  adopted  in 
France.  The  metal  boiler, 
a  (Fig.  588),  is  substituted 
for  the  cylinders,  and  the 
nitric  acid  escapes  through 
a  pipe,  B,  in  connection 
with  a  glass  tube,  which 
conveys  it  to  the  condensing 
apparatus.  The  bisulphate 
is  removed  through  the 
opening,  C,  placed  below 
the  metal  door,  d,  in  the 
roof  of  the  furnaces,  as 
shown  in  the  engraving.  Nitric  Acid  Boiler. 

A  new  process,  proposed  by  Kuhlmann,  fils,  has  just  been  pub¬ 
lished.  It  consists  in  heating  a  mixture  of  nitrate  of  soda  and 
chloride  of  manganese,  when  a  black  oxide  of  this  metal  is  left 
behind,  and  the  nitrous  compounds  are  condensed  in  the  usual  way. 

A  novel  and  excellent  system  of  condensing  and  collecting  this 
acid  has  also  been  devised  by  MM.  Plisson  and  Devers,  as  shown 
in  the  accompanying  illustration  (Fig.  589). 

The  first  portions  of  the  acid  are  collected  in  the  receiver,  A, 
where  the  most  of  the  impurities  are  condensed.  When  these 
impurities  rise  above  a 
certain  level,  they  flow 
off  through  a  pipe,  B, 
to  a  receiver,  C.  The 
receiver,  A,  is  also  sup¬ 
plied  with  a  small  stream 
of  water  from  a  vessel, 

D,  by  means  of  a  funnel- 
syphon,  to  promote  the 
condensation  of  the  im¬ 
pure  acid.  The  acid 
vapours  then  pass 
through  the  pipe,  E,  into 
the  receiver,  F,  from 
whence  they  flow,  along 
with  the  acid  from  the 
other  adjoiningreceivers, 

G,  it,  by  means  of  a 
pipe,  I,  into  the  col¬ 
lecting  receiver,  K. 

The  uncondensed  acid  vapours  then  pass  successively  through 
the  receivers,  f'  f",  by  a  pipe,  l,  through  the  receivers,  g'  g", 
thence  by  a  pipe,  M,  through  the  last  range,  h'  h",  and  the  uncon¬ 
densed  gas  escapes  through  the  exit  pipe,  N.  A  supply  of  water, 
to  facilitate  the  condensation  of  the  pure  acid,  flows  from  the  vessels 
0  and  p,  into  the  receivers,  f"  and  n".  A  pipe,  R,  is  fitted  to  the 
receiver,  H,  and  is  connected  with  the  pipe,  t,  to  equalize  the  pres¬ 
sure.  A  better  condensation  and  less  repairs  are  said  to  follow  the 
use  of  this  system  of  condensation. 


Fig.  589. 


Nitric  Acid  Condensing  Apparatus. 


IODINE. 

Several  beautiful  samples  of  this  interesting  substance  are  exhi¬ 
bited  by  Mr.  Stanford,  Messrs.  J.  Ward  &  Company,  and  other 
manufacturers. 

It  is  procured  in  this  country  from  the  mother  liquor  in  the 
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extraction  of  the  potash  salts  of  kelp,  and  it  is  said  to  exist  in  some 
quantity  in  the  mother  liquids  formed  in  separating  nitrate  of  soda 
from  the  caliche  of  Peru. 

An  increased  demand  for  iodine  has  arisen  within  the  last  few 
years,  in  consequence  of  the  employment  of  the  iodides  of  potassium, 
cadmium,  and  ammonium  in  the  art  of  photography. 

The  process  for  extracting  it  from  the  kelp  liquors  has  received 
no  recent  improvement ;  hut  a  very  valuable  plan  for  treating  sea¬ 
weeds,  so  as  to  save  the  loss  of  iodine,  by  the  present  system  of 
making  kelp,  has  been  published  by  Mr.  Stanford. 
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The  new  plan  consists  in  submitting  sea-weed  to  dry  distillation 
in  close  vessels,  and  collecting  the  volatile  products.  The  charcoal 
left  behind  is  lixiviated  and  the  soluble  extracts  extracted. 

The  subsequent  treatment  of  the  volatile  products  is  similar  to 
that  pursued  in  the  management  of  like  substances  obtained  in  the 
dry  distillation  of  wood,  coal,  &c.  The  various  salts  are  separated 
from  each  other  by  the  same  processes  as  adopted  in  treating  the 
kelp  liquors. 

The  advantages  of  the  new  plan  are  shown  in  the  following  table, 
published  by  Mr.  Stanford  : — 


PRODUCTS  NOW  OBTAINED  FROM  A 

TON  OF  KELP,  AND  THOSE  WHICH  WOULD 

NOW  OBTAINED. 

BE  ADDED  BY  THE 

NEW  PROCESS  OF 

MANUFACTURE. 

Species. 

Laminaria 

Laminaria 

Fucus 

Fucus 

Fucus 

Average. 

digitata. 

saccliarina. 

vesiculosus. 

serratus. 

nodosus. 

cwt.  lbs. 

cwt.  lbs. 

cwt.  lbs. 

cwt.  lbs. 

cwt.  lbs. 

cwt.  lbs. 

Chloride  potassium,... 

6  56 

8  20 

2  72 

4  96 

4  46 

5  35 

Chloride  sodium, . 

6  45 

5  53 

6  78 

5  24 

7  41 

6  25 

Insoluble  ash, . 

3  89 

3  103 

4  63 

6  38 

5  53 

4  92 

Iodine, . 

0  12-77 

ADDED 

BY  TIIE  NEW  PROCESS. 

0  5 

Volatile  oil, . 

4  f  galls. 

4f  galls. 

4|  galls. 

9§  galls. 

6J  galls. 

not  estimated. 

6j  galls. 

Paraffin  oil, . 

H  SaIls- 

2  J  galls. 

13^  galls. 

7j  galls. 

14j  galls. 

9  galls. 

Naphtha, . 

3  galls. 

5§  galls. 

2f  galls. 

not  estimated. 

3£  galls. 

Sulphate  of  ammonia,. 

1  cwt.  46  lbs. 

2  cwt.  17^  lbs. 

2  cwt.  32^  lbs. 

2  cwt.  38£  lbs. 

3  cwt.  108J  lbs. 

2  cwt.  48  lbs. 

Acetate  of  lime, . 

17|  lbs. 

21  lbs. 

75  lbs. 

36 1  lbs. 

not  estimated. 

37  lbs. 

Colouring  matter, . 

2f  lbs. 

5  J  lbs. 

1+  lbs. 

6  lbs. 

not  estimated. 

6£  lbs. 

Pure  charcoal, . 

8  cwt.  354  lbs. 

8  cwt.  59  lbs. 

15  cwt.  10  lbs. 

14  cwt.  41  lbs. 

20  cwt.  49  lbs. 

13  cwt.  39  lbs. 

Gas  (approx.), . 

3615  c.  ft. 

2771  c.  ft. 

4313  c.  ft. 

3811  c.  ft. 

8272  c.  ft. 

4456  c.  ft. 

Iodine, .  19 '39  lbs.  —  —  —  —  5  lbs. 


In  some  manufactories  in  France,  the  conversion  of  nitrate  of 
soda  into  saltpetre  by  means  of  the  potash  salts  in  kelp  liquors,  is 
pursued,  as  was  first  proposed  many  years  ago  in  this  country  by 
Mr.  Rowlandson. 

The  production  of  iodine  in  this  country  is  estimated  to  be  about 
100,000  lbs.,  while  that  of  France  is  said  to  be  as  follows  : — 

kilos. 

Iodine,  ........  6000 

Iodide  of  potassium,  ......  54,000 

IODIDE  OF  POTASSIUM. — The  greatly  increased  demand  for 
this  substance  to  supply  photographers  has  led  to  several  proposals 
for  its  manufacture.  The  most  recent,  and  one  of  the  best,  is  that 
devised  by  Baron  Liebig,  to  which  Dr.  Squire  gives  the  preference. 

It  consists  in  covering  1  part  of  phosphorous  with  40  parts  of  hot 
water  in  a  basin,  to  which  20  parts  of  iodine  are  added,  with  frequent 
agitation.  The  colourless  liquid  then  contains  phosphoric  and 
hydriodic  acids — 

P  +  51  +  5  II 0  =  P05  +  5HI. 

Milk  of  lime  is  added  until  the  liquid  acquires  an  alkaline  reaction, 
and  the  phosphate  of  lime  is  separated  by  filtration.  The  solution, 
containing  iodide  of  calcium,  is  boiled  with  1£  parts  of  sulphate  of 
potash,  and  evaporated  to  one-half  its  original  volume.  Any  lime 
is  thrown  down  by  the  carbonate  of  potash,  and  the  whole  is  filtered, 
when  the  filtrate  yields,  on  evaporation  and  cooling,  a  crop  of  pure 
crystallized  iodide  of  potassium. 

PHOSPHORUS. 

This  remarkable  substance  was  formerly  almost  entirely  sup¬ 
plied  from  the  Continent,  but  for  some  time  past  the  home  demand 


has  been  met  by  Messrs.  Albright  &  Wilson,  who  exhibit  beauti¬ 
ful  samples  of  their  manufacture,  which  they  now  export  to  some 
extent. 

This  substance  is  chiejly  consumed  in  the  manufacture  of  lucifer 
matches,  in  which  the  unfortunate  work-people  are  very  liable  to 
contract  a  most  painful  and  terrible  malady.  This  evil,  as  well  as 
the  danger  attending  the  use  of  lucifer  matches  in  causing  fires,  and 
its  poisonous  action,  make  it  a  matter  of  regret  that  the  introduction 
of  the  amorphous  variety  has  not  been  more  general,  by  which  all 
the  above  inconveniences  would  be  avoided. 

No  improvements  of  importance  have  been  recently  introduced 
into  this  manufacture,  with  the  exception  of  the  apparatus  for  the 
preparation  of  the  amorphous  phosphorus  by  Mr.  Albright,  for  a 
description  of  which  we  must  refer  our  readers  to  the  new  edition 
of  the  first  volume  of  Chemical  Technology ,  by  Mr.  Watts  and  the 
writer,  as  the  details  are  too  extensive  to  find  space  on  the  present 
occasion. 

The  production  of  phosphorus  in  Europe  is  estimated  to  be  as 
follows 

lbs. 

France  and  Italy,  ......  150,000 

Germany,  ........  125,000 

England,  ........  125,000 

400,000 

of  which  it  is  said  that  German y  consumes,  at  least,  one-half  the 
total  quantity. 

PHOSPHATE  OF  SODA. — This  salt  is  used  in  medicine,  and  in 
the  glass  and  earthenware  manufactures.  No  changes  have  taken 
place  in  the  process  of  manufacture.  Some  beautiful  samples  are 
exhibited. 


! 
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8.  CHROMO-LITHOGRAPHY  AND  OTHER  PROCESSES 
OF  COLOUR  PRINTING. 

By  Frederick  W.  Rowney,  Esq.,  of  G.  Rowney  &  Co., 
London. 

art  lias  probably  made  more  progress 
of  late  years  than  that  of  printing  in 
colours,  whether  in  the  quality  of  its 
productions  or  in  the  public  apprecia¬ 
tion  of  their  excellence. 

As  its  development  is  but  of  recent 
date,  many  persons  are  disposed  to 
consider  it  as  altogether  a  modern 
invention.  Such,  however,  is  by  no 
means  the  case.  The  earliest  examples  of  printing  were  from 
engraved  wood  blocks  cut  in  imitation  of  the  ancient  missals ;  and 
as  the  latter  contained  coloured  initial  letters  and  miniature  orna¬ 
mentations,  coloured  inks  were  used  to  produce  like  effects.  Neither 
can  it  be  said  that  the  production  of  printed  copies  of  artists’  draw¬ 
ings  are  peculiar  to  the  present  day,  as  some  by  Parmigiano  were 
found  in  the  collection  of  the  Earl  of  Arundel,  and  taken  back  to 
Italy  by  Count  Zanetti,  who  published  them  in  1794,  admirably  cut 
in  wood  and  printed  in  colours.  And  an  examination  of  prints 
published  at  less  remote  periods  shows  us  numerous  examples  of 
printing  in  colours,  which,  although  falling  very  short  of  the  modern 
standard  of  excellence,  were  doubtless  on  a  par  with  the  public  taste 
of  their  day. 

It  must  also  be  borne  in  mind  that  water-colour  drawings,  which 
were  mostly  those  selected  for  reproducing,  possessed  little  more 
than  indications  of  colour,  while  our  present  school  of  water-colour 
painters  have  carried  their  art  to  such  perfection,  that  in  their  hands 
it  has  almost  become  a  different  creation.  Necessarily  the  copier 
of  these  perfected  works  must,  if  he  work  conscientiously,  surpass 
in  his  production  the  works  of  his  predecessors,  who  laboured  under 
less  advantageous  circumstances.  The  processes  made  use  of  were 
printing  from  engraved  wooden  blocks,  aquatint  plates,  a  process 
combining  metal  plates  with  wood  blocks,  and  more  recently  litho¬ 
graphy.  These  are  also  the  methods  in  use  at  the  present  day ; 
and  the  superiority  of  the  modern  productions  is  owing,  not  to  the 
discovery  of  any  new  process  of  printing,  but  to  improvement  in  the 
original  works  of  art,  the  progress  ot  public  taste,  increased  experi¬ 
ence  of  printers,  and  greater  enterprise  of  publishers.  The  earliest 
modern  examples  were,  as  well  as  the  ancient  ones,  printed  from 
wooden  blocks  with  three  or  four  simple  colours  over  an  ordinary 
print  in  black  or  brown  ink — the  intent  being  to  produce  an  effect 
similar  to  that  of  colouring  the  said  prints  by  band.  But  the  present 
mode  of  graduating  the  tints  not  being  known,  the  colours  had  a 
hard  flat  character,  little  adapted  for  works  of  art. 

Another  method  was  to  dab  an  engraved  plate  with  various  coloured 
inks,  as  a  bluish  tone  on  the  sky,  a  flesh  tint  on  the  hands  and  face,  a 
green  on  the  foliage,  &c.,  the  separation  of  the  colours  being  preserved 
by  stencil  plates ;  and  thus  at  one  passage  through  the  press  an  im¬ 
pression  was  obtained  which  gave  the  local  colours  combined  with 
the  drawing.  No  great  depth  of  colour  could  be  obtained  by  this 
process,  and  there  appears  to  have  been  a  difficulty  in  fitting  these 
stencil  plates,  as  the  prints  exhibit  a  tendency  in  the  colour  of  one 
portion  to  trespass  on  the  space  allotted  to  another ;  and  when  this 
resulted  in  the  blue  of  the  sky  encroaching  on  the  ladies’  cheeks,  or 
vice  versa ,  the  effect  was  somewhat  marred.  Moreover  the  pig¬ 
ments  made  use  of  were  not  remarkably  bright  or  permanent,  so 
that  these  prints  have  now  a  very  weak  and  faded  appearance,  and 
have  no  value  but  as  curiosities. 

Of  a  better  description  were  some  attempts  at  copying  water¬ 


colour  drawings  some  forty  or  fifty  years  back  by  means  of  aqua¬ 
tint  plates,  printed  in  a  brown  or  neutral  grey,  and  afterwards 
coloured  by  hand.  The  drawings  of  the  same  period  were  produced 
by  somewhat  similar  means;  the  composition  being  first  washed 
in  with  either  sepia  or  neutral  tint,  over  which  were  worked  thin 
washes  of  local  colour.  The  prints  could  not  strictly  be  said  to  be 
printed  in  colours ;  but  as  they  form  a  link  in  the  history  of  printing, 
it  is  desirable  to  make  mention  of  them. 

It  is,  however,  only  within  the  last  twenty  years  that  colour  print¬ 
ing  has  made  any  notable  progress,  and  this  is  in  a  great  measure 
owing  to  the  introduction  of  chromo-lithography. 

Its  first  efforts  were  directed  to  printing  a  flat  tint,  to  imitate  the 
tone  of  the  paper  used  in  the  original  drawing,  which  was  done  by 
working  a  greasy  preparation  called  tinting  ink  over  a  portion  of  a 
stone  the  size  of  the  work  in  hand,  which  stone  formed  a  second 
printing.  Improvements  were  gradually  effected,  such  as  stopping 
out  parts  of  the  stone  by  drawing  on  it  with  a  mixture  of  gum  and 
acid,  a  little  vermilion  being  generally  added,  to  enable  the  artist 
the  better  to  see  his  work.  Wherever  the  preparation  touches  the 
stone,  there  in  the  printing  the  paper  is  left  blank,  as  the  printing 
ink  does  not  adhere  to  those  parts.  The  effect  given  by  this  means 
is  that  of  white  chalk  or  paint  on  tinted  paper.  Later  improve¬ 
ments  added  the  working  the  tint  ink  in  different  strengths,  also 
rubbing  it  down,  or  reducing  it  by  scraping.  Some  very  strong  ink 
was  also  made,  to  be  used  in  a  fluid  state  with  a  sable  hair  brush. 
An  impression  from  one  of  the  tint  stones  resembles  in  effect  a 
wash  of  colour,  or  a  half-finished  sepia  drawing.  Such  tint  stones 
were  used  to  improve  the  character  of  lithographs,  and  increase 
their  effect  in  light  and  shade.  They  were  employed  very  success¬ 
fully  by  such  eminent  lithographers  as  Harding,  Louis  Hague,  Syer, 
and  others.  Later  these  tint  stones  were  employed  in  greater 
number  to  express  the  local  colour  of  a  subject;  also  for  parti¬ 
coloured  labels,  music  titles,  illuminated  works,  and  crayon  or  pencil 
sketches  slightly  coloured. 

The  works  now  termed  chromo-lithographs  are  produced  in  the 
following  manrer  : — A  tracing  is  taken  upon  a  transparent  transfer 
paper  of  all  the  forms  of  colour  in  the  original  drawing,  and  is  then 
pressed  on  to  a  stone.  The  paper  on  being  damped  comes  away, 
and  leaves  the  outline  adhering  to  the  stone,  which  then  serves  as  a 
key  to  the  work.  Impressions  taken  from  this  keystone  are  trans¬ 
ferred  to  as  many  stones  as  may  be  required,  and  serve  to  guide  the 
chromo-lithographer  in  fitting  the  tints.  • 

If  the  reader  has  understood  the  previous  description  of  the  tint 
stone,  he  will  not  have  now  much  difficulty  in  comprehending  how 
a  chromo-lithograph  is  produced,  as  it  is  nothing  more  than  a  suc¬ 
cession  of  tint  stones,  each  one  carrying  the  subject  a  stage  further. 
The  earlier  stones  represent  the  paler  washes  of  colour ;  then  follow 
others,  giving  the  middle  tints ;  and  lastly,  the  most  powerful 
colours,  to  give  the  detail  and  finishing  touches.  All  the  details  of 
a  subject  are  never  given  in  any  one  printing,  but  are  worked  in 
gradually,  in  a  manner  somewhat  similar  to  an  artist’s  usual  mode 
of  proceeding  with  his  picture.  This,  it  should  be  remembered,  is 
the  distinctive  character  of  a  chromo-lithograph,  as  many  publica¬ 
tions  issued  as  such  have  no  claim  to  the  title,  being  ordinary 
lithographs  coloured  by  hand,  and  their  inferior  character  has 
greatly  tended  to  lessen  the  public  estimation  for  the  genuine  art. 
The  number  of  stones  used  for  one  subject  varies  from  fifteen  to 
five  and  twenty. 

The  Exhibition  of  1851  contained  several  specimens  of  chromo- 
litbography,  then  little  known  or  practised.  Those  by  English 
firms  were  shown  in  the  Fine  Arts  Court.  The  only  others  worthy 
of  notice  were  some  subjects  of  flowers  and  still  life  from  the 
imperial  printing  office  at  Vienna.  The  examples  shown  had 
generally  a  crude  unfinished  appearance,  but  with  sufficient  promise 
to  justify  a  hope  of  improvement,  now  satisfactorily  fulfilled. 
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Another  process  which  has  grown  up  during  the  same  period  is 
that  patented  by  Mr.  Baxter,  which  consists  of  an  aquatint  plate  on 
which  a  subject  is  engraved ;  this  is  combined  with  wood  blocks, 
from  which  the  various  colours  are  printed.  These  blocks  having 
first  received  an  imprint  of  the  key  outline,  as  in  chromo-lithography, 
are  painted  on  the  parts  required  to  be  printed  from ;  the  other 
portions  of  the  wood  are  then  cut  away.  The  gradations  of  tint 
are  obtained  by  breaking  up  the  surface  of  the  wood  by  sundry 
ingenious  contrivances,  which  are,  however,  only  partially  success¬ 
ful,  and  it  is  in  this  respect  that  the  process  falls  short  of  chromo¬ 
lithography,  which  so  well  expresses  the  variations  in  light  and 
shade,  while  in  block  printing  they  can  only  be  rendered  by  dots, 
lines,  or  diminished  or  increased  pressure  in  printing. 

The  productions  of  this  process,  which  were  mostly  small,  were 
remarkably  neat  in  their  execution,  and  met  for  some  years  with 
great  success.  A  somewhat  similar  process  was  practised  by 
Messrs.  Leighton,  consisting  of  a  combination  of  surface  metal 
blocks,  with  wood  blocks.  The  effect  of  some  of  their  works  was 
exceedingly  good  ;  but,  hitherto  aiming  at  low  cost  in  production, 
neither  of  these  two  processes  have  reached  the  degree  of  perfec¬ 
tion  which  they  are  doubtless  capable  of  attaining.  The  coloured 
prints  of  the  Illustrated  London  News  are  produced  by  the  latter 
process,  and  are  marvels  of  comparative  excellence. 

One  peculiarity  attendant  on  the  introduction  of  this  art  of 
chromo-lithography,  was  the  vehement  hostility  it  encountered  from 
those  who  considered  it  detrimental  to  their  interests.  Artists 
dismally  foreboded  the  depreciation  of  original  works ;  dealers  in 
drawings  were  alarmed  lest  collectors  should  cease  to  value  that 
which  could  be  so  closely  imitated ;  publishers  of  the  old  school 
saw  in  the  future  a  rival  that  would  compete  with  and  perhaps 
displace  their  own  productions  ;  and  the  printsellers  viewed  the 
strange  art  as  an  interloper,  to  be  discouraged  and  decried  ;  lastly, 
the  public,  influenced  by  those  unfavourable  judgments,  scarcely 
dared  to  own  a  partiality  for  a  class  of  art  pronounced  to  be,  with 
mutually  destructive  reasoning,  worthless  in  itself,  and  dangerous 
to  other  branches  of  art.  Nothing  could  be  more  short-sighted  than 
these  views,  and  experience  has  now  unmistakably  proved  their 
fallacy.  Artists’  works  are  now  more  in  request,  and  command 
higher  prices,  than  before  the  introduction  of  chromo-lithography, 
and  engravings  still  have  admirers,  and  find  willing  subscribers  to 
costly  proof  impressions. 

Having  glanced  at  the  mischief  anticipated,  it  will  be  desirable 
to  point  out  what  benefit  has  resulted  from  chromo-lithography 
up  to  the  present  time,  and  what  may  be  its  probable  prospects 
for  the  future. 

The  first  examples  were  intended  as  drawing  copies,  for  which 
their  simple  character  well  qualified  them.  More  or  less  this  object 
is  discernible  in  the  generality  of  these  productions,  and  as  aids  to 
the  student  and  teacher  they  have  been  of  immense  service.  When 
a  little  more  progress  had  been  made,  more  ambitious  subjects 
were  attempted,  which  were  adapted  for  the  adornment  of  rooms. 

Facsimiles  of  good  drawings  made  the  names  of  ancient  artists 
familiar  to  new  classes,  and  tutored  the  public  eye,  rendering  it 
familiar  with  a  better  description  of  publication  than  the  mere¬ 
tricious  French  prints  with  which  the  shops  were  filled.  Chromo¬ 
lithography  was  more  favourably  received  in  America,  Australia, 
India,  &e.,  than  in  England ;  as  in  the  former  countries  no  prejudice 
existed  against  it,  and  its  success  was  of  rapid  growth.  There  is 
another  reason  why  chromo-lithographs  achieved  their  popularity — 
which  is,  their  durability,  the  process  requiring  the  employment  of 
pigments  as  permanent  as  can  be  obtained ;  for  where  this  is  not 
attended  to  the  print  soon  wears  a  sickly  hue.  The  imitations  of 
chromo-lithographs  being  mostly  coloured  with  fugitive  pigments,  are 
very  evanescent  in  their  effect,  and  soon  present  a  faded  appearance. 
In  India,  especially,  the  climate  detects  these  weak  points,  and  the 


permanency  of  the  genuine  works  has  established  their  reputation 
on  a  basis  which  it  will  be  to  the  interest  of  the  publishers  and 
producers  to  maintain.  In  the  countries  enumerated,  chromo¬ 
lithography  has  been  the  means  of  spreading  a  taste  for  British  art, 
which  no  other  existing  means  could  have  accomplished  so  well  or 
so  speedily. 

Again,  artists  cannot  foil  to  derive  great  benefit  from  its  publish¬ 
ing  their  names  to  the  world  more  rapidly  than  they  could  hope  to 
do  by  their  own  unaided  efforts;  and  for  proof  of  this  it  only  becomes 
necessary  to  point  to  the  fact,  that  the  artists  whose  pictures  com¬ 
mand  the  highest  prices  are  they  with  whose  names  the  public  are 
familiar  through  their  published  works;  and  their  popularity  and  its 
reward  has  invariably  followed  the  publication,  and  not  preceded  it. 

Many  predictions  have  been  uttered  as  to  the  speedy  death  of 
chromo-lithography;  but  there  is  really  no  ground  for  supposing  that 
the  production  of  pictures  through  the  instrumentality  of  the  print¬ 
ing-press  should  not  exist  as  long  as  the  taste  for  art  survives.  All 
persons  cannot  become  purchasers  of  original  works.  So  long, 
therefore,  as  the  quality  of  these  productions  is  maintained,  pictures 
will  continue  to  be  produced  by  one  process  or  another.  Improved 
modes  of  printing  may  hereafter  be  discovered,  and  their  application 
extended,  until  illustrated  works  printed  in  colour  become  the  rule, 
and  plain  black  and  white  illustrations  the  exception.  It  has  been 
the  practice  to  disseminate  engraved  copies  of  the  finest  pictures  by 
ancient  and  modern  masters;  but  how  much  more  satisfactory  would 
it  be  to  have  copies  glowing  with  all  the  charming  tints  of  the  origi¬ 
nal.  How  pleasing  to  the  connoisseur  of  moderate  means  to  be  able 
to  surround  himself  with  these  transcripts  of  genius;  and,  above  all, 
what  assistance  to  the  struggling  student  in  educating  his  eye  ! 
That  the  art  is  capable  of  greater  things  than  it  has  at  present 
achieved,  there  can  be  no  doubt;  and  that  it  may  continue  to  pro¬ 
gress  must  be  the  wish  of  every  sincere  lover  of  art. 

In  criticising  works  of  this  nature,  it  is  difficult  to  render  them 
entire  justice,  from  the  fact  of  their  being  but  copies;  and  the 
faults  which  strike  the  eye  may  probably  exist  in  the  original 
painting.  Being  unable  to  compare  the  originals  with  their  copies, 
the  latter  must  be  considered  answerable  for  the  defects  that  strike 
the  spectator.  In  the  foreign  picture  gallery,  the  low  key  of  colour 
in  which  the  pictures  generally  are  painted,  will,  however,  account 
for  and  excuse  the  same  appearance  in  the  printed  works. 

The  subjects  exhibited  in  the  foreign  department,  although  by  no 
means  fairly  representing  the  highest  talent  of  their  artists,  still  in 
some  measure  iudicate  what  class  of  art  is  most  popular.  Thus, 
from  Germany  landscapes  are  scarcely  met  with,  and  of  those  shown 
none  are  of  a  high  character.  Their  figure  subjects  are  more 
numerous,  and  are  their  best  productions.  To  the  degree  of  perfec¬ 
tion  attained  by  British  artists  in  landscape  painting,  and  to  their 
eminence  as  colourists,  are  mainly  attributable  the  marked  superi¬ 
ority  of  the  English  chromo-lithographic  landscapes.  In  figure 
subjects  the  difference  is  less  discernible,  and  may  be  left  an  open 
question,  as  the  productions  mostly  partake  of  the  faults  and  good 
qualities  appertaining  to  the  artists  of  each  country  respectively. 
There  appears  to  be  no  difference  in  the  processes  of  printing 
employed  here  or  on  the  Continent.  In  all  cases  the  works  have 
been  well  printed ;  but  this,  although  important,  is  of  less  moment 
than  the  talent  of  the  original,  or  the  skill  with  which  it  is  engraved 
or  drawn  on  stone. 

In  no  branch  of  art  is  improvement  more  manifest  than  in  the 
specimens  of  chromo-lithography  and  colour-printing  exhibited  in 
the  International  Exhibition.  It  would  certainly  appear  that  such 
a  display  was  quite  unexpected  by  the  Royal  Commissioners,  as  they 
have  placed  these  works  in  situations  quite  unfitted  for  their  recep¬ 
tion.  Huddled  up  with  a  lot  of  labels,  bookbinding,  and  paper; 
exposed  to  the  glare  of  the  sun  or  deprived  of  all  light;  and  mixed 
with  the  common  specimens  of  the  printing-press  and  general  mer- 
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cantile  stationery — these  productions  are  classed  without  any  regard 
for  their  artistic  origin,  to  which  the  merit  they  possess  is  mainly 
due.  The  French  specimens  are  as  ill  placed.  The  Germans,  how¬ 
ever,  appear  more  alive  to  the  importance  of  the  art,  and  their 
displays  are  shown  to  good  advantage.  The  Berlin  specimens  are 
shown  in  the  picture  gallery,  in  or  adjoining  which  would  obviously 
have  been  the  fittest  to  exhibit  all  of  them.  With  the  above  excep¬ 
tion,  the  productions  of  chromo-lithography  and  other  processes  of 
colour  printing  are  placed  in  Class  28,  with  paper,  stationery,  print¬ 
ing,  and  bookbinding. 

In  the  following  notices,  the  order  of  each  exhibitor  in  the  official 
catalogue  is  observed. 

Vincent  Brookes  (5216)  shows  various  specimens  of  chromo- 
lithography.  Among  them  are  some  large  subjects  after  Gilbert, 
which  want  an  additional  stone  or  two  to  bring  them  into  harmony. 
The  smaller  subjects,  after  the  same  artist,  “  Scenes  from  Sbaks- 
peare,”  are  much  better.  The  manipulation  is  very  neat,  and  the 
faces  of  the  figures  full  of  expression,  showing  that  one  great 
difficulty  in  chromo-lithography  can  be  overcome.  Some  other 
specimens  are  less  carefully  executed,  and  want  delicacy,  with  the 
especial  exception  of  two  nude  studies  after  Mulready,  in  red,  black, 
and  white  chalk,  to  which  too  much  praise  cannot  be  given. 

Messrs.  Day  &  Son  (5224)  exhibit  several  specimens  of  chromo¬ 
lithography  ;  of  these  their  finest  work  is  a  copy  from  Turner’s 
picture  of  “  The  Blue  Lights,”  a  most  trying  task,  and  one  that 
none  but  an  accomplished  artist  could  have  carried  through  the 
press  so  successfully. 

Their  later  productions  in  this  branch  are,  curious  to  say,  less 
happy,  and  betray  many  faults  and  shortcomings,  incomprehensible 
in  an  establishment  comprising  such  a  talented  staff  of  artistic 
lithographers.  In  their  works  in  a  mixed  style  of  black  and 
chromo-lithography,  there  is  no  fault  to  be  found.  But  it  is  more 
especially  in  their  illuminated  works  that  the  Messrs.  Day  so  much 
excel,  and  upon  this  branch  of  the  art  they  have  lavished  their 
most  earnest  efforts.  Most  exquisite  are  the  “  Victoria  Psalter,” 
designed  by  Owen  Jones;  “Paradise  and  the  Peri,”  by  Owen 
Jones  and  Henry  Warren;  “  Pensfees  Choisies,”  by  M.  Simpson; 
and  “  The  Sermon  on  the  Mount,”  by  W.  &  J.  Andsley.  The 
latter  is  probably  the  finest  work  ever  produced  in  this  style.  These 
works  are  principally  lithographed  by  W.  R.  T.  Tymrns,  and  are 
executed  in  a  faultless  manner.  The  printing  of  these  works  is 
equally  perfect,  the  register  of  the  colours  is  true  to  a  hair’s-breadth, 
and  the  colours  themselves  clear  and  bright,  as  if  painted  by  hand. 
An  additional  interest  is  attached  to  the  display  of  Messrs.  Day’s 
works,  by  their  exhibition  in  the  Process  Court,  of  chromo-litho¬ 
graphy  in  operation. 

William  Dickes  (5226)  shows  machine-printed  chromo-lithographs 
and  combinations  of  aquatint  and  chromo  -  lithography.  Their 
specimens  are  all  small,  and  although  mostly  hard  and  inartistic, 
have  the  merit  of  neatness  of  execution.  They  are  intended  for 
illustrations  of  books,  for  which  they  appear  well  adapted. 

The  combination  of  the  aquatint  plate  with  chromo-lithography 
is  an  excellent  idea,  which,  if  well  carried  out,  would  be  produc¬ 
tive  of  great  advantage,  more  especially  in  the  rendering  of  figure 
subjects. 

Messrs.  M.  &  N.  Hanhart  (5243)  make  a  considerable  display 
of  chromo-lithography  and  general  lithography.  As  might  be  ex¬ 
pected  from  their  repute,  some  of  the  best  specimens  of  the  art  are 
exhibited  by  them.  Their  most  successful  examples  are  landscape 
subjects  after  Stanfield,  Harding,  Richardson,  and  Rowbotham.  In 
their  rendering  of  these  artists’  works,  the  Messrs.  Hanhart  appear 
to  have  hit  upon  a  mode  of  catering  most  successfully  for  the  public 
taste.  The  distances  are  most  skilfully  managed,  and  the  fore¬ 
grounds  display  great  force  and  clearness  of  outline ;  there  is,  how¬ 
ever,  a  tendency  to  hardness  in  the  latter,  observable  principally  in 


the  clouds  and  distant  hills,  which  a  little  attention  would  obviate 
with  beneficial  effect  to  the  chromo-lithograph.  Their  least  success¬ 
ful  works  are  their  figure  subjects — landscape  being  unmistakably 
the  forte  of  this  firm. 

Leighton  Brothers  (5254)  have  an  extensive  display  of  ma¬ 
chine  printing  in  colours.  The  process  consists  of  a  combination 
of  metal  surface  and  block  printing.  Most  of  the  specimens 
have  appeared  in  the  Illustrated  London  News.  Viewed  in  the 
light  of  artistic  productions,  they  do  not  bear  comparison  with  the 
chromo-lithographs.  But  taking  into  consideration  their  low  price 
and  rapid  production,  they  are  indeed  marvels  ;  aud  it  is  only  fair 
to  attribute  their  deficiency  in  artistic  qualities,  chiefly  to  the  neces¬ 
sity  for  restricting  (from  motives  of  economy)  the  number  of  print¬ 
ings.  In  the  portrait  of  Garibaldi,  however,  there  does  not  appear 
any  want  of  artistic  feeling,  and  no  doubt  by  this  process  works  at 
least  equal  to  chromo-lithographs  might  be  produced,  were  the  same 
care  and  expense  bestowed  upon  them. 

Messrs.  George  Rowney  &  Company  (5275)  make  the  largest  show 
of  chromo-lithographs  of  any  exhibitor.  Their  screen  displays  many 
of  the  most  popular  subjects,  of  which  it  is  almost  superfluous  to 
speak.  In  their  productions  there  is  observable  a  freedom  from  the 
hard  outlines  and  crudities  of  form  so  generally  met  with  in  these 
works,  while  their  tone  of  colour  is  clear  and  harmonious.  Their 
least  successful  productions  are  those  containing  trees,  as  they  want 
clearness  and  decision  of  touch.  Here,  again,  the  superiority  is  in 
landscape  subjects,  although  a  copy  of  Mulready’s  “  Crossing  the 
Ford,”  in  the  Vernon  collection,  and  one  from  Hunt’s  drawing  of 
“  Diffidence,”  show  that  the  power  exists  of  producing  figure  sub¬ 
jects  successfully.  The  most  interesting  specimen  in  Messrs.  Row- 
ney’s  collection  is  a  copy  of  Carl  Haag’s  drawing  of  the  “  Cave 
beneath  the  Holy  Rock,  Jerusalem,”  in  the  possession  of  the  Queen. 
The  interest  which  attaches  itself  to  the  spot  delineated  as  being  the 
most  probable  site  of  the  Holy  Sepulchre,  combined  with  the  merit 
of  the  chromo-lithograph  as  a  work  of  art,  will  no  doubt  render  it  as 
popular  a  work  as  any  yet  published. 

The  commercial  application  of  chromo-lithography  has  numerous 
exhibitors,  the  principal  of  whom  are  Messrs.  Day  &  Son,  Hanhart, 
Maclure  &  Company,  Mansell,  and  Standidge  &  Company. 

BELGIUM. — The  contributions  of  chromo-lithography  from  this 
country  are  confined  to  a  few  specimens  of  flowers  not  in  any  way 
remarkable. 

FRANCE,  where  ordinary  lithography  has  been  so  enormously 
developed,  shows,  strange  to  say,  few  specimens  of  printing  in 
colours,  the  art  of  which  appears  to  have  made  very  little  progress. 
Two  only  of  the  exhibitors  are  worthy  of  notice  ;  the  first  is  Lemer- 
cier,  Paris  (2745),  whose  aim  appears  to  have  been  to  imitate 
coloured  prints  rather  than  oil  paintings  or  water  colour  drawings. 
This  is  doubtless  owing  to  the  want  of  enterprise  on  the  part  of 
publishers,  as  Lemercier’s  establishment,  like  the  English  firm  of 
Day  &  Son,  has  a  staff  of  artists  capable  of  better  things  than  are 
here  shown.  The  specimens  exhibited  are,  mechanically,  well 
executed,  both  in  drawing  aud  painting.  Jacomme,  Paris  (2672), 
who  names  his  productions  Oleographie,  has  sent  some  clever  paint¬ 
ings  in  colour,  after  Desjardins,  consisting  of  coast  scenes,  fishermen, 
and  children. 

The  process  consists  simply  in  printing  from  aquatint  plates,  as 
before  described.  The  examples  have  a  vigorous  and  artistic,  but 
sombre  effect,  and  were  it  not  for  the  brown  hue  that  pervades 
them,  they  would  be  very  admirable ;  as  they  are,  they  do  not 
equal  chromo-lithographs  in  colour. 

There  are  numerous  exhibitors  of  mercantile  chromo-lithography, 
and  the  display  of  fancy  labels,  cards,  and  subjects  for  pictorial 
coverings  for  boxes  are  infinite,  and  display  great  taste.  In  this 
particular  branch  they  are  unrivalled.  Most  especially  excellent 
are  the  contributions  of  L.  Turgis,  jun.,  Paris  (2706). 
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AUSTRIA,  as  in  1851,  maintains  her  superiority  over  her  con¬ 
tinental  rivals ;  in  this  country  the  art  has  made  much  progress, 
and  the  specimens  are  placed  in  a  position  favourable  for  exami¬ 
nation. 

Anton  Hartinger  &  Son,  Vienna  (1117),  exhibit  a  landscape 
with  cattle ;  the  execution  is  tolerably  good,  but  is  somewhat 
marred  by  the  low  tone  of  colour  which  pervades  the  picture. 
There  is  a  lake  scene  by  the  same  firm,  which  it  would  have  shown 
discretion  not  to  have  exhibited. 

Reiffenstein  &  Itosch,  Vienna  (1128),  have  a  copy  of  a  picture  in 
oil  of  a  boy  throwing  stones  at  a  scarecrow,  which  is  exceedingly 
well  executed ;  the  landscape  is  nicely  treated,'  and  the  colour 
harmonious  and  light.  This  is  one  of  the  best  of  the  foreign 
examples. 

Alois  Winklen,  Vienna  (1137),  has  some  very  weak  chromo¬ 
lithographs.  The  subjects  have  been  printed  from  one  stone,  and 
the  local  colour  added  afterwards  by  a  few  successive  printings. 
They  have  all  the  appearance  of  badly-coloured  prints. 

Zamarski  &  Dittmarsch,  Vienna,  have  sent  two  subjects  from  the 
Crucifixion,  which  are  very  carefully  diawn.  The  style  of  treatment 
is  the  severe  German,  which  chromo-lithography  renders  in  all  its 
original  hardness  and  coldness.  These  specimens,  cleverly  as  they 
are  executed,  are  too  much  opposed  to  the  feeling  which  influences 
the  English  taste,  to  find  much  favour  in  this  country.  The  other 
productions  of  this  firm  are  crude  and  commonplace. 

BAVARIA,  MUNICH. — The  fame  this  city  has  acquired  for  the 
patronage  art  receives  in  it,  might  have  raised  expectations  of  a 
greater  display  in. the  art  of  colour  painting. 

Augustus  Becker  (214)  is  the  only  exhibitor  of  any  merit,  and 
his  aim  appears  to  have  been  largeness  of  size  and  lowness  of  price, 
rather  than  excellence  of  quality.  They  are,  however,  not  deficient 
in  certain  prettiness,  and  are  mechanically  well  executed.  The 
best  are  the  four  pictures  named  “  Spring,”  “  Summer,”  “  Autumn,” 
and  “  Winter.” 

The  only  other  exhibitor  is  T.  Mozet,  whose  productions  are  not 
at  all  creditable. 

PRUSSIA. — Storch  &  Kramer,  Berlin  (1024,  Fine  Arts  Depart¬ 
ment),  have  sent  specimens  printed  in  a  process  resembling  that 
made  use  of  by  Messrs.  Leighton  or  Messrs.  Dickes,  viz.,  a  mixed 
style  of  aquatint,  and  either  block  printing  or  chromo-lithography 
— most  probably  the  former.  The  subjects  are  landscapes,  con¬ 
taining  trees  and  foliage,  in  the  treatment  of  which  they  have  been 
more  successful  than  the  generality  of  exhibitors. 

RUSSIA  has  only  one  exhibitor  in  colour  printing,  Maximilian 
Fajans  of  Warsaw,  who  sends  two  almanacs  in  chromo- litho¬ 
graphy,  one  of  which  contains  portraits  of  the  Royal  Family  of 
Russia.  They  are  neatly  drawn  and  printed,  but  the  colouring  is 
sombre.  Judging  from  these  specimens,  we  must  infer  that  in 
Russia  the  art  has  met  with  small  encouragement. 

There  are  three  other  countries,  viz.,  Saxony,  the  Netherlands, 
and  Switzerland,  contributing  examples  of  commercial  chromo¬ 
lithography  in  the  form  of  labels,  title-pages  of  books,  &c.,  but  their 
specimens  are  too  unimportant  to  call  for  notice. 


9.  PROJECTILES :  THEIR  DEVELOPMENT  AND 
LATE  IMPROVEMENTS. 

By  F.  A.  Abel,  Esq.,  F.R.S.,  Director  of  the  Chemical 
Establishment  of  the  War  Department. 

HE  history  of  projectiles  is  so  intimately 
connected  with  that  of  fire-arms,  that  any 
attempt  to  review  either  separately  would 
be  attended  with  great  difficulties.  In  their 
earlier  history,  both  may  justly  lay  claim  to 
equal  interest  and  importance,  but  any 
enquirer  into  their  more  recent  development 
will  speedily  accord  pre-eminence  to  the 
projectiles ;  since  it  is,  in  the  first  instance, 
to  changes  effected  in  the  form  of  projectiles 
to  be  used  with  a  special  class  of  small 
arms,  and  to  the  success  which  ultimately  attended  their  per¬ 
fection  and  adoption,  that  we  are  indebted  for  the  important 
improvements  made  within  the  last  few  years  in  all  classes  of  fire¬ 
arms.  In  lieu  of  the  old  smooth-bored  gun,  the  soldier  has  been 
provided  with  the  far  more  valuable  and  accurate  weapon,  the  rifle  ; 
the  precision  and  extent  of  range  of  which  has  proved  of  incalculable 
advantage  in  recent  campaigns,  whilst  its  skilful  use  has  expanded 
from  an  exclusive  accomplishment  to  a  branch  of  national  education  ; 
smooth-bored  cannon  and  spherical  shot  and  shell  to  a  great  extent 
discarded,  and  even  threatened  with  entire  banishment;  cast-iron  and 
bronze,  the  time-honoured  materials  for  ordnance,  replaced  by 
wrought-iron  structures  or  steel  castings — -such  are  some  results  of 
the  general  introduction  of  the  elongated  projectile,  of  which  Robins 
predicted  the  advantages  as  early  as  1747,  but  the  application  of 
which  has  mainly  been  realised  within  the  last  twenty  years,  thanks 
to  the  labours  of  Delvigne,  Greener,  Miui6,  and  others. 

But  for  the  exclusion  of  implements  of  war  from  the  first  great 
International  Exhibition,  the  Minie  bullet  would  there  have  been  an 
object  of  probably  equal  interest  with  the  Armstrong  and  Whitworth 
shot  and  shell  in  the  present  Exhibition  ;  it  being  the  first  elongated 
projectile  which  was  (and  at  that  very  period)  introduced  into  the 
British  service. 

The  rifles  which,  prior  to  1851,  were  used  to  a  limited  extent  in  the 
British  army,  were  fired  with  spherical  or  belted  bullets.  The  great 
difficulties  experienced  in  loading  the  arm  with  the  tightly  fitting 
ball,  gave  rise  early,  however,  to  occasional  trials  of  schemes  for 
overcoming  or  reducing  them.  In  1826  the  plan  was  suggested  by  a 
French  officer,  Captain  Delvigne,  of  expanding  a  loosely  fitting  bul¬ 
let  into  the  rifle -grooves  before  firing,  by  providing  a  weapon  with  a 
small  chamber  at  the  bottom  of  the  bore,  upon  the  shoulder  of  which 
the  bullet  would  rest  when  dropped  into  the  barrel,  so  that  it  might 
then,  by  a  smart  blow  with  a  heavy  ramrod,  be  flattened  sufficiently 
to  be  forced  into  the  grooves.  This  system  was  tried  by  the  French 
government  in  1830,  but  was  not  found  to  succeed.  About  1836 
Mr.  Greener  contrived  a  projectile,  to  be  expanded  by  the  discharge 
of  the  gun,  consisting  of  an  oval  bullet  provided  with  a  perforation, 
into  which  a  taper  plug  of  comparatively  hard  metal,  with  a  rounded 
head,  was  slightly  inserted,  before  the  ball  was  dropped  into  the  barrel. 
On  the  explosion,  the  plug  was  driven  into  the  perforation,  and  thus 
the  bullet  was  expanded.  This  projectile  does  not  seem  to  have 
met  with  application,  but  is  interesting  as  being  apparently  the  first 
self-expansive  bullet  proposed,  and  as  involving  the  principle  applied 
in  the  present  rifle-bullet  of  the  service.  In  1842  the  “Carabine  a 
Tige”  was  invented  by  Colonel  Thouvenin,  in  which  the  expansion 
of  the  bullet  before  firing,  by  blows  from  a  ramrod,  was  provided  for 
by  fixing  a  steel  stem  or  support  into  the  bottom  of  the  bore,  upon 
which  the  ball  rested  when  introduced.  At  about  the  same  period, 
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Fig.  590. 


Projectile  for  Prussian 
Needle  Gun. 


tlie  first  cylindro-conical  bullet,  with  a  hollowed  base,  the  expansion 
of  which  was  to  be  effected  by  the  action  of  the  gases  upon  the  cavity, 
was  patented  by  Captains  Delvigne  and  Thierry.  'I  his  bullet,  to 
which  the  cartridge  was  attached  by  a  groove  round  the  base,  was 
used  by  the  French  army  in  Africa  in  184G.  The  Prussians  were 
engaged  at  about  this  time  in  secret  experiments  with  the  so-called 
needle  gun,  which  has  for  some  six  years  past  been  adopted  in  their 
army.  The  projectile  iirst  adopted  for  it  was  of  conical  shape,  with 
grooves  round  the  base ;  but  the  one  now  in  use  is  almost  oviform,  a, 
tapering  off  towards  the  rear,  and  having  a 
very  small  flattened  base  (Fig.  590).  It  is 
provided  with  a  species  of  sabot,  b,  of  cylin¬ 
drical  exterior  and  made  of  papier  mache;  this 
receives  the  rear  part  of  the  bullet,  a,  and 
reaches  to  the  thickest  part  of  the  latter ;  being 
slightly  larger  diameter  than  the  projectile, 
it  is  compressed  into  the  rifle-grooves  when  the 
gun  is  fired,  and,  by  carrying  the  shot  with  it, 
imparts  to  the  latter  the  necessary  rotatory 
motion.  This  sabot  is  so  constructed  that  it  leaves  the  projectiles 
as  soon  as  they  issue  from  the  bore  of  the  gun. 

The  introduction  of  an  iron  cup  into  the  cavity  of  the  cylindro- 
conical  or  -conoidal  bullet,  was  proposed  by  Captain  Mini4  early  in 
1848,  for  the  purpose  of  assisting  the  expansion  of  the  bullet,  by 
being  forced  up  into  the  cavity  on  the  explosion  of  the  charge  (Fig. 
591,  b  and  d ).  This  projectile  was,  as  above  stated,  introduced 

into  the  British  service  in  1851 ;  soon  after¬ 
wards,  however  (in  1852),  a  committee  was 
appointed  by  Lord  Hardinge  to  inquire  into  the 
best  form  of  rifle  and  of  projectile,  when  several 
varieties  of  elongated  bullets  were  proposed 
by  eminent  gunmakers  (Lancaster,  Pritchett, 
Wilkinson,  &c.),  and  submitted  to  experiment. 
The  bullet  first  adopted,  on  the  recommendation 
Captain  Minim’s  Bullet,  0f  tpjg  committee,  in  1853,  was  that  of  Pritchett 

with  Iron  Cup.  ’  ' 

(a,  Fig.  592),  a  somewhat  long  cyhndro-conoidal 
projectile,  with  a  short  and  sharply-inclined  cavity  in  the  base. 
Subsequently,  however,  it  was  considered  advantageous  to  sub¬ 
stitute  a  bullet  (now  known  as  the  Enfield  rifle  bullet)  with  a  deeper 
cavity  (c  and  e,  into  which  a  truncated  conical  plug  of  wood  is 
inserted  ( b  and  d).  The  necessary  rotation  is  imparted  to  this 

bullet  by  its  expansion 
Fie- 692-  into  the  rifle  grooves  at  the 

first  instant  of  the  explo¬ 
sion,  a  result  which,  as  in 
the  case  of  the  Pritchett 
bullet,  is,  at  any  rate, 
partly  produced  by  the 
mechanical  effect  of  the 
explosion  upon  the  hinder 
portion  of  the  bullet,  before 
the  inertia  of  the  front 
part  is  overcome.  The  plug  may  assist  in  effecting  the  expansion 
into  the  grooves,  but  it  also  is  considered  to  act  importantly  in 
preventing  the  sides  of  the  bullet  from  collapsing  at  all  during  its 
flight.  The  wooden  plug  is  now  adopted  for  all  projectiles  of  muzzle¬ 
loading  rifles  used  in  the  British  service,  having  even  been  substi¬ 
tuted  for  the  iron  cup  in  Minid  bullets  of  the  original  pattern. 

The  principal  other  projectiles  of  importance,  which  have  been 
employed  in  muzzle-loading  small  arms  with  success,  are  those  of 
Lancaster,  Wilkinson,  and  Whitworth.  The  true  form  of  the  Lancas¬ 
ter  projectile  is  elongated,  with  elliptical  sides ;  and  it  is,  therefore, 
identical  in  principle  with  his  projectile  for  the  particular  system  of 
rifled  cannon  invented  by  him.  But  it  is  not  at.  all  necessary  to  have 
a  bullet  of  special  form  for  the  Lancaster  small  arms  rifle ;  any  of  the 


Pritchett’s  and  Enfield  Rifle  Bullet,  with 
Wood  Plug. 


elongated  self-expansive  projectiles  adapt  themselves  readily  to  its 
form,  when  fired  with  this  arm ;  thus,  with  the  Lancaster  carbine  and 
this  rifle,  made  on  the  Enfield  pattern,  from  which  such  excellent 
results  have  been  obtained  in  recent  trials,  the  ordinary  cylindro- 
conoidal  bullets,  with  plugs  or  cups,  are  employed.  Wilkinson’s  bullet 
is  cylindro-conical,  with  two  deep  grooves  in  the  cylindrical  portion 
near  the  base.  The  expansion  of  this  bullet  into  the  rifle-grooves 
is  believed  to  be  effected  by  the  cylindrical  portion  being  driven 
forward  upon  the  conical  fore-end.  It  is  employed  in  the  Austrian 
service,  and  is  similar  in  principle  to  one  used  by  the  Swiss.  Other 
constructors  of  projectiles  have  adopted  angular  grooves  ( cannelures , 
Fig.  591)  upon  the  cylindrical  portion  (the  angle  being  in  the 
direction  of  the  bullet’s  base),  with  the  view  to  increase  the  preci¬ 
sion  of  flight,  by  creating  an  increased  resistance  to  the  atmosphere, 
as  far  as  possible  behind  the  centre  of  gravity  of  the  bullet.  The 
beneficial  effect  of  these  grooves  upon  the  accuracy  of  flight  appears, 
however,  to  be  doubtful.  Grooved  bullets  are  employed  in  other 
foreign  services  (e.  g.,  the  Russian  and  Belgian).  In  a  grooved 
bullet  used  in  Belgium,  the  cavity  contains  an  inverted  cone,  which 
forms  part  of  the  mass  of  the  bullet,  its  point  reaching  about  half¬ 
way  towards  the  base.  This  cone  is  considered  to  contribute,  by 
its  form  and  position,  to  the  expansion  of  the  bullet,  on  the  explo¬ 
sion  of  the  powder. 

The  projectiles  constructed  by  Whitworth  for  his  hexagonal 
small-arms  (Class  11,  2G12),  so  well  known  for  the  excellent  results 
they  furnish,  are  of  two  kinds — those  which  cor¬ 
respond  in  form  to  the  interior  of  the  rifle-barrel  ris  593. 

(Fig.  593),  and  which,  therefore,  have  six  sloping 
sides,  reaching  from  the  base  nearly  to  the  conoidal 
head ;  and  those  which  depend,  for  their  rotation, 
upon  being  moulded  to  the  form  of  the  barrel  by 
the  effect  of  the  exploding  charge.  These  are 
cylindrical  (three  diameters  in  length,  like  the 
other),  with  a  conoidal  head,  and  their  base  con¬ 
taining  a  conical  cavity,  as  is  also  the  case  with 
the  hexagonal  bullets.  The  lead  of  which  they  Whitworth’s  Pro- 
are  made  is  somewhat  hardened  by  the  addition  of  £m,s,or  SmaH 
a  little  tin. 

The  very  complete  and  beautiful  collection  of  so-called  Laboralory- 
products,  which  is  exhibited  by  the  Secretary  of  State  for  War  in 
Class  11  (2602),  and  was  arranged  by  the  superintendent  of  the 
Royal  Laboratories,  Lieutenant-Colonel  Boxer,  includes  a  consider¬ 
able  variety  of  small-arm  ammunition,  which  contains  projectiles, 
ranging  in  kind  from  the  spherical  bullet  (for  the  old  musket)  to 
the  Whitworth  projectile.  In  addition  to  these  two,  there  are  the 
belted  spherical  ball,  used  with  the  old  Brunswick  rifle  (the  second 
rifle,  which  was  employed  iu  the  British  service)  and  the  cylindro- 
conoidal  bullets,  of  different  sizes,  with  wood  plugs,  employed  with 
the  rifle-musket  introduced  in  1851,  with  the  old  muskets  which 
have  been  rifled,  and,  with  the  Enfield  rifle,  introduced  into  the 
service  in  1853.  There  is  also  exhibited  ammunition  for  the  breecli- 
loading  carbines  of  Sharp  (the  first  used  in  the  service),  Terry,  and 
Westley  Richards.  The  projectile  for  Sharp’s  carbine  has  a  solid 
base,  is  shorter  in  the  cylinder  and  longer  in  the  bore  than  any  of 
the  above  projectiles,  and  has  a  groove  at  the  base  by  which  the 
cartridge  is  attached.  The  bullet  for  Terry’s  carbine  is  similar  to 
the  Enfield  rifle  -bullet,  and  that  of  Westley  Richards  resembles  the 
Whitworth  cylindrical  bullet;  it  is,  however,  somewhat  shorter, 
rounder  at  the  head,  has  a  solid  base,  and  a  thin  belt  round  the 
latter. 

The  whole  of  the  ordinary  service-projectiles  for  small  arms  are 
composed  of  the  highest  quality  of  commercial  lead,  and  are  made 
by  compression,  with  the  ingenious  machine  devised  by  Mr.  Ander¬ 
son,  of  which  a  large  drawing  is  exhibited  in  Class  1 1 .  The  conical 
plugs  used  with  them  are  of  boxwood,  and  are  additionally  pro- 
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tected  against  climatic  influences  by  being  soaked  in  bees’  wax. 
The  latter  material,  in  its  pure  state,  has  been  employed  since 
1858  as  the  lubricating  agent  for  small-arm  ammunition.  It 
was  found  that  the  grease  (consisting  of  tallow  with  a  small  admix¬ 
ture  of  wax)  at  first  used  for  this  purpose,  speedily  exerted  a  very 
considerable  corrosive  action  upon  the  surfaces  of  the  bullets.  The 
lubricant  being  applied  to  the  base  of  the  cartridges  upon  the  paper 
immediately  outside  the  projectile,  soon  penetrated  to  the  metal, 
particularly  at  warm  military  stations,  and  formed  after  a  time, 
with  the  product  of  oxidation  of  the  lead,  hard  coatings  upon  the 
surface  of  the  metal,  so  thick  at  times  as  to  render  the  insertion  of 
the  bullet  into  the  barrel  a  matter  of  very  great  difficulty.  By  the 
substitution  of  pure  wax  for  the  grease,  the  corrosion  of  the  bullet 
has  been  obviated,  and  the  rifle-barrel  is  kept  more  uniformly 
clean  than  was  formerly  the  case.  At  the  same  time,  it  became 
necessary  to  exclude  even  the  employment  of  vegetable  and  animal 
oils  for  lubricating  the  dies  of  the  bullet-making  machines,  as  the 
small  quantity  of  oil  unavoidably  adhering  to  the  surface  of  the 
lead  was  found  sufficient  to  establish  a  corrosion  of  the  metal. 

In  addition  to  the  small-arm  projectiles  of  established  reputation, 
which  have  been  referred  to  in  the  preceding,  several  other  modifi¬ 
cations  of  the  cylindro-conical  or  -conoidal  bullet,  some  provided 
with  grooves  or  projections,  are  exhibited  in  the  British  and  also  in 
the  French  department,  principally  in  connection  with  ammunition 
for  breech-loading  small  arms. 

The  schemes  which,  from  an  early  period,  have  been  suggested 
or  tried  from  time  to  time  for  increasing  the  accuracy  of  direc¬ 
tion  and  the  range  of  projectiles  fired  from  cannon,  have  been  as 
numerous  as  they  were,  in  many  instances,  visionary  or  unsuccessful. 
The  object  which  it  was  hoped  to  attain  by  the  great  majority  of 
such  projects,  was  that  of  imparting  some  amount  of  rotation  to 
projectiles,  fired  from  smooth-bored  cannon,  by  the  action  of  the 
atmosphere  from  the  moment  of  their  leaving  the  gun,  upon  wings, 
grooves,  or  perforations  (of  great  variety  in  point  of  form,  position, 
and  number)  with  which  they  were  provided.  Attempts  were  also 
occasionally  made  to  apply  the  system  of  rifling  to  cannon ;  but, 
while  the  first  at  all  successful  results  appear  only  to  have  been  attained 
within  the  last  sixteen  years,  the  practical  development  of  rifled 
cannon  really  dates  from  the  more  recent  period  when  self-expansive 
cylindro-conoidal  projectiles  were  generally  introduced  into  use  with 
rifled  small  arms. 

With  the  two-rifled  cannon  invented  at  about  the  same  time  (in 
1846)  by  Baron  Wahrendorff  (Sweden,  317),  and  by  the  then  Major 
Cavalli  of  the  Sardinian  artillery  (Italy,  1197),  and  which  were 

first  tried  in  this  country  in  1850, 
cast-iron  projectiles  of  cylindro- 
conical  or  conoidal  form  were  em¬ 
ployed,  having  two  rather  narrow 
projections  (Figs.  594,595)  direct¬ 
ly  opposite  each  other,  about  J 
inch  deep,  and  placed  at  a  slight 
angle  with  the  axis  of  the  shot. 
These  projections  correspond,  of 
course,  to  the  twist  or  curve  of 
the  grooves  of  the  cannon,  into 
which  they  fitted  pretty  accu¬ 
rately  ;  and  it  was,  therefore,  by 
their  means  that  the  projectiles 
were  guided  along  the  grooves, 
and  thus  received  rotatory 
motion.  These  projectiles  (which 
are  represented  in  the  Exhi¬ 
bition  by  specimens  in  Italy, 
1197)  appear  to  be  the  earliest  important  representatives  of  one  of  the 
two  general  systems  for  imparting  rotatory  motion  to  projectiles  fired 


Sections  of  the  Lancaster 
Oval  Shell. 


from  rifled  cannon,  namely,  that  of  making  the  original  form  of  the 
sides  of  the  shot  or  shell  to  correspond  more  or  less  closely  with 
that  of  a  portion  of  the  gun’s  bore  ;  or,  in  other  words,  of  making 
the  original  form  of  the  projectile  determine  its  rotation. 

The  following  are  some  of  the  projectiles  for  rifled  cannon,  the 
construction  of  which  is  based  upon  this  principle. 

1st.  Those  used  with  the  Lancaster  oval  bored  guns  (Fig.  596), 
which  were  under  experiment  in  1851  (Class  11,  2557),  and  are 
particularly  interesting  as  being,  at  the 
time  of  the  Crimean  war,  the  first  and 
only  rifled  cannon  employed  in  actual 
service.  They  have  conoidal  heads,  and 
their  transverse  section  is  elliptical  (like 
that  of  the  Lancaster  shot  for  small  arms), 
their  sides  being  the  same  in  form  as  a 
corresponding  length  of  the  gun’s  bore,  so 
that  they  can  only  pass  through  the  latter 
by  rotating.  The  shells  used  with  the 
Lancaster  guns  sent  to  the  East  were  of 

wrought-iron,  and  constructed  out  of  one  piece,  by  a  series  of  ham¬ 
mering  and  welding  processes. 

2nd.  The  projectiles  for  the  French  rifled  gun,  which  were  used 
with  considerable  success  in  the  Italian  campaign  in  1859,  are 
cylindro-conical  (or  -conoidal),  and,  instead  of  having  projecting 
strips,  like  those  of  Cavalli  and  Wahrendorff,  are  provided  with  two 
sets  of  projecting  buttons  (made  of  an  alloy  of  lead  or  of  zinc)  let 
into  the  iron  ;  these  buttons  are  arranged  one  above  the  other  at  a 
slight  angle  to  the  axis  of  the  projectile,  corresponding  to  the  pitch 
of  the  grooves  in  the  gun.  Those  used  with  the  first  of  the  French 
rifled  guns  had  only  two  or  three  rows  of  the  buttons  (corresponding 
to  the  number  of  grooves  used) ;  but  the  guns  used  in  Italy  had  six 
grooves,  and,  therefore,  the  projectiles  were  provided  with  a  cor¬ 
responding  number  of  buttons.  None  of  these,  or  of  any  projectiles 
for  rifled  cannon,  are  exhibited  by  France,  but  examples  of  them 
may  be  seen  by  the  Italian  and  Spanish  cannon  (Italy,  1197  ;  Spain, 
868),  and  similar  projectiles  are  shown  with  the  Swedish  cannon 
(Sweden,  317),  on  which,  however,  there  are  very  flat  square  pro¬ 
jections  of  wood  in  place  of  the  buttons  of  soft  metal. 

3rd.  The  projectiles  for  the  Whitworth  cannon  (Class  11,  2612, 
Fig.  597),  which,  for  their  extraordinary  range  and  accuracy  of  flight, 
have  obtained  great  celebrity,  depend  also  entirely 
upon  their  original  form  for  the  rotation  imparted  to 
them.  The  form  of  bore  of  the  gun  from  which  they 
are  fired  being  that  of  a  hexagonal  spiral,  with  flattened 
edges,  the  sides  of  the  projectiles  are  made  to  corres¬ 
pond  to  ,that  form,  and  to  the  degree  of  twist  or  pitch 
employed  in  the  rifling  of  the  particular  sized  gun  from 
which  they  are  fired,  like  the  small-arm  bullets,  before 
alluded  to.  The  ordinary  projectiles  are  made  of  cast- 
iron,  the  hexagonal  sides  being  shaped  by  machinery. 

They  are  tapered  off  both  at  the  head  and  base  ;  indeed, 
their  form  is  that  of  a  skittle,  rather  long  in  proportion 
to  its  thickness,  and  shaped  off  at  the  sides  to  the 
hexagonal  form.  Flat-fronted  projectiles,  made  of 
homogeneous  iron,  are  employed  instead  of  those  with  Whitworth’s 
conoidal  heads,  when  great  penetrative  effect  is  required,  shot, 
as  for  firing  against  iron  plates. 

The  other  principle  upon  which  systems  of  rifled  ordnance  have 
been  based,  is  that  of  compelling  the  exterior  of  an  elongated  pro¬ 
jectile  to  change  in  form  upon  the  explosion  of  the  charge  in  the 
gun,  and  to  adapt  itself  to  that  of  the  rifled  barrel  through  which 
it  is  propelled.  It  is  obviously  necessary,  for  the  attainment  of  this 
result,  that  at  any  rate  some  part  of  the  body  of  the  projectile,  or  of 
its  exterior,  should  consist  of  a  metal  sufficiently  soft  and  com¬ 
pressible  to  assume  readily  the  form  of  the  rifle-grooves  along  which 
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it  is  to  pass.  There  are  very  evident  reasons  why  it  would  not  be 
practicable  to  construct  the  entire  shot  or  shell  for  cannon  of  soft 
metal,  such  as  lead  or  one  of  its  alloys,  although  these,  if  capable 
of  mechanical  combination  with  iron — employed  as  the  main  body 
of  the  projectile  (i.e.,  of  being,  by  some  means,  firmly  fixed  in  the 
suitable  position  upon  the  iron),  would  be,  above  all  other  materials, 
well  adapted  to  accomplish  the  guidance  of  the  shot  by  the  rifle- 
grooves. 

It  was,  as  already  stated,  the  successful  employment  of  elongated 
self-expansive  bullets  in  small  arms,  which  speedily  led  to  attempts 
to  apply  the  same  principle  to  rifled  cannon.  The  earliest  success¬ 
ful  constructors  of  so-called  compound  projectiles,  appear  to  have 
been  Mr.  Jeffery  and  Mr.  Bashley  Britten,  both  exhibitors,  at  South 
Kensington.  The  system  pursued  by  these  two  gentlemen  in  the 
construction  of  their  projectiles  is  very  different.  Mr.  Jeffery  (Class 
1 1,  2552)  attaches  the  lead  to  the  iron  by  purely  mechanical  means. 
The  former,  of  which  the  base  of  the  shot  consists,  when  cast  on  to 
the  iron  body  or  upper  part  of  the  projectile,  fills  up  some  recesses 
contained  in  the  latter,  and  thus  the  two  portions  are  firmly  held 
together  by  what  may  be  called  rivets  of  lead,  forming  one  piece 
with  the  base.  The  metals  thus  joined  have  been  amply  proved 
to  remain  thoroughly  united  when  the  projectiles  are  fired.  Mr. 
Jeffery,  whose  rifled  gun  was  first  experimented  with  in  1854  by 
Government,  has  also  tried  the  employment  of  the  lead  and  iron 
portions  of  the  shot  put  as  separate  pieces  into  the  gun,  the  base  of 
the  iron  portion  being  provided  with  radiating  undercut  grooves. 
The  lead  base  or  disc  was  jammed  upon  the  iron  part  when  the  gun 
was  fired,  and  assumed  the  form  of  the  rifle  grooves  ;  but  on  leav¬ 
ing  the  gun,  the  iron  and  lead  sometimes  did  not  remain  attached. 
The  trials  made  of  Mr.  Jeffery’s  projectiles  have  always  been 
associated  with  experiments  on  his  system  of  rifling  muzzle-loading 
cannon. 

Mr.  Bashley  Britten’s  compound  projectiles  (Class  11,  2519)  are 
likewise  identified  with  his  particular  plan  of  rifling  cast-iron  muzzle¬ 
loading  guns.  In  both  kinds  of  projectiles,  the  lead  at  their  base 
suffers  lateral  expansion,  being  driven  forward  upon  the  iron  by  the 
first  effect  of  the  explosion,  before  the  entire  shot  or  shell  moves, 
and  thus  the  windage,  essential  to  the  loading  of  these  guns,  is 
destroyed  upon  their  discharge,  and  the  projectile  receives  the 
necessary  rotatory  motion ;  the  form  of  a  portion  of  its  circum¬ 
ference,  near  the  base,  having  adapted  itself  to  that  of  the  rifle- 
grooves.  Mr.  Bashley  Britten’s  system  of  attaching  the  lead  to  the 
iron  of  his  projectiles  consists  in  employing  the  metal  zinc  as  the 
means  of  effecting  the  union  between  their  surfaces.  That  portion 
of  the  cast-iron  to  which  the  lead  is  to  be  joined,  is  first  submitted  to 
the  so-called  galvanizing  process,  that  is,  its  surface  is  thoroughly 
alloyed  with  zinc,  by  immersion  in  a  bath  of  that  metal,  with 
proper  precautions,  and  the  zinced  portion  is  then  introduced  into 
melted  lead,  the  requisite  thickness  of  that  metal  being  afterwards 
cast  upon  it,  in  a  mould.  The  zinc,  forming  an  alloy  with  each  of 
the  metals  between  which  it  is  situated,  effects  a  most  perfect 
juncture  of  the  lead  to  the  iron. 

One  of  the  earlier  descriptions  of  compound  projectiles,  constructed 
to  act  upon  what  is  generally  called  the  Minie  principle,  and  pro¬ 
posed  by  Mr.  Lawrence,  consisted  of  the  metals  lead  and  zinc,  the 
latter  metal  forming  the  body  or  head,  and  the  former  the  base  of 
the  shot.  The  two  metals  were  joined  by  being  brought  together 
in  the  mould  in  the  melted  state.  Compound  lead  and  iron  projec¬ 
tiles  of  cylindro-conoidal  form,  are  employed  with  the  rifled  guns 
used  in  the  Prussian  service.  In  their  construction  and  the  prin¬ 
ciples  involved  in  their  employment,  they  resemble  the  compound 
projectiles  of  Sir  William  Armstrong,  which,  with  the  guns  from 
which  they  are  fired,  have  in  the  last  three  years  attracted  so  large 
a  share  of  public  attention  and  interest,  and  the  construction  of 
which  has  become  familiar  to  all,  through  the  very  complete  collec¬ 


tion  of  specimens  exhibited  by  the  Secretary  of  State  for  War  (Class 
11,  2602),  and  Sir  William  Armstrong  (2509). 

These  projectiles  are  of  three  kinds,  known  as  solid  shot, 
common  shells,  and  segment  shells.  They  resemble  each  other 
in  consisting  all  of  cast-iron,  with  a 
thin  external  coating  (reaching  Fig.  598. 

from  the  base,  which  it  overlaps, 
to  the  shoulder)  of  lead,  somewhat 
hardened  by  the  addition  of  a  little 
tin  or  antimony.  Different  methods 
have  been,  and  are  now,  in  use  for 
attaching  the  soft  metal  to  the  iron 
surface.  The  first  plan,  adopted  by 
Sir  William  Armstrong,  was  to  coat 
the  ribbed  or  grooved  iron  surface 
with  tin  solder,  and  then  to  cast 
the  lead  upon  it  in  a  mould.  This 
method  was,  however,  found  much  b  g^eii. 

less  perfect  than  either  of  the 

two  others  which  have  been  since  introduced.  At  the  Elswick 
Ordnance  Works  the  method  employed  consists  simply  in  making 
the  grooves  upon  the  iron  under-cut  ( b ,  Fig.  598)  instead  of  straight. 
The  soft  metal,  which  is  poured  in  a  mould  upon  the  clean  iron 
surface,  fills  up  these  grooves  thoroughly,  and  is  firmly  held  in  its 
place  by  their  angles,  which  partly  cover  the  metal  in  the  grooves. 
This  plan  is,  therefore,  quite  similar  to  that  used  by  Mr.  Jeffery. 
The  mode  of  attaching  the  two  metals,  adopted  at  Woolwich  upon 
the  recommendation  of  Lieutenant-Colonel  Boxer,  is  that  just  now 
spoken  of  as  having  been  been  first  applied  by  Mr.  Bashley  Britten 
(a,  Fig.  598).  The  method  of  proceeding  is  as  iollows  : — The  iron 
projectiles  are  turned  smooth  after  they  come  from  the  foundry,  and 
are  then  placed  in  at  one  end  of  a  species  of  oven  with  slightly 
sloping  shelf.  When  taken  out  at  the  other  end,  nearly  red  hot, 
they  are  plunged  for  an  instant  into  a  solution  of  sal-ammoniac,  and 
are  then  at  once  immersed  in  melted  zinc.  When  the  latter  has 
thoroughly  alloyed  with  the  iron  surface,  the  projectile  is  tranferred 
to  a  bath  of  the  lead-alloy,  in  which  it  is  allowed  to  remain  suffi¬ 
ciently  long  for  the  latter  to  unite  thoroughly  with  the  zinced  surface. 
On  removal  from  this  bath  the  shot  or  shell  is  placed  into  a  mould, 
and  sufficient  of  the  .alloy  is  poured  in  to  give  a  somewhat  thicker 
coating  than  is  actually  required,  so  that,  by  finally  turning  down 
the  surface  of  the  soft  metal  in  a  lathe,  it  is  reduced  to  the  proper 
thickness,  and  a  perfectly  sound  and  smooth  exterior  is  obtained. 

The  coating  of  the  projectiles  has  a  shallow  annular  recess  of 
some  breadth,  at  about  one-third  the  distance  between  the  base  and 
shoulder,  to  afford  room  for  any  of  the  soft  metal  which  may  be 
forced  towards  the  rear,  from  the  front  part  of  the  shot  or  shell,  as 
the  latter  is  impelled  into  the  barrel  of  the  gun,  which  is  of  some¬ 
what  smaller  calibre  than  the  projectile  in  its  original  state.  The 
heads  of  the  larger  solid  shot  are  hemispherical,  those  of  the  shells 
are  conoidal  with  somewhat  flattened  points  ;  the  opening,  through 
which  the  powder  and  fuzes  are  introduced,  being  at  that  part. 
The  mouths  of  the  common  shells,  which  are  fired  at  high  angles, 
are  peculiarly  shaped,  so  as  to  project  beyond  and  thus  protect  the 
fuze,  which  is  screwed  into  the  opening. 

The  segment  shells  (cr,  Fig.  598),  which  may  be  used  either  as 
shot  or  as  substitutes  for  the  shrapnel  shells  and  canister  shot 
employed  with  smooth-bored  guns  (to  be  spoken  of  presently),  con¬ 
sist  of  a  thin  cast-iron  shell,  the  interior  of  which  is  built  up  of  layers 
of  segment-shaped  pieces,  round  a  cylindrical  cavity  in  the  centre, 
which  receives  the  charge  of  powder  required  to  burst  the  shell,  and 
the  fuze-arrangements.  In  constructing  the  shell,  these  segments 
are  introduced  at  the  base,  which  is  afterwards  plugged  up  with  a 
disc  of  iron  ;  this  is  thoroughly  cemented  into  its  place  by  the  soft 
metal,  which,  when  the  shell  is  being  coated,  is  also  allowed  to  per- 
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colate  among  tbe  segments  so  as  to  fill  up  the  interstices.  A  thin 
metal  core  keeps  the  central  cavity  open.  The  projectiles  thus  built 
up  are  exceedingly  compact;  thus,  the  12-pounder  shell  maybe 
fired,  without  fracture,  through  6  feet  of  timber.  Employed  as  sub¬ 
stitutes  for  shrapnel  shell  or  canister  (being  burst  by  a  small  charge 
of  powder  with  the  aid  of  fuze-arrangements)  they  are  very  effec¬ 
tive  ;  the  ignition  of  the  bursting  charge  divides  a  12-pounder  shell 
into  from  240  to  about  300  fragments,  of  which  42  consist  of  the 
cast-iron  segments.  The  number  of  fragments  varies  with  the 
method  employed  for  attaching  the  soft  metal,  and  the  consequent 
degree  of  firmness  with  which  it  is  attached  to  the  iron. 

Steel-headed  shot  have  also  been  constructed  upon  the  Armstrong 
principle,  for  employment  against  iron  plates.  They  are  flat-headed, 
like  those  first  applied  to  this  purpose  by  Mr.  Whitworth,  and  con¬ 
sist  of  steel  cylinders,  which  are  incased  in  cast-iron,  coated  with 
soft  metal  in  the  usual  manner. 

The  several  descriptions  of  spherical  projectiles  for  ordnance,  still 
in  general  use  in  the  service,  are  prominent  objects  in  the  collection 
of  the  Royal  Laboratory-products  in  Class  11.  Though  the  im¬ 
portance  of  some,  and  the  general  interest  attached  to  them,  have 
been  considerably  diminished  since  the  introduction  of  rifled  guns, 
it  will  be  long  before  many  of  them  can  be  thoroughly  supplanted  ; 
indeed,  it  is  considered  very  doubtful  by  high  authorities  on  these 
subjects  whether  the  services  of  some  ever  can  be  as  effectively  per¬ 
formed  by  projectiles  from  rifled  ordnance. 

In  addition  to  the  solid  spherical  shot  for  guns  of  different  calibres, 
from  the  3-pounder  to  the  150-pounder  (with  which  important  ex¬ 
periments  against  iron  plates  were  recently  made  at  Shoeburyness), 
there  are  also  small  shot  (so-called  sand-shot ,  from  the  method 
of  casting  them)  used  in  the  case  or  canister  and  in  the  grape- 
shot,  both  of  which  specimens  are  exhibited.  The  grape-shot  con¬ 
sisted,  until  very  lately,  of  several  balls  piled  round  an  iron  rod 
fixed  into  the  centre  of  a  disc  of  that  metal,  and  then  firmly  tied 
together  with  canvas  and  cord  (Fig.  599).  In  the  new  grape-shot 

which  are  exhi¬ 


Fig.  599. 


Fig.  600. 


Fig. 601. 


Old  Grape,  New  Grape,  and  Canister  Shot. 


bited,  the  balls 
are  arranged  in 
three  tiers;  cast- 
iron  perforated 
discs  are  placed 
between  the  tiers, 
and  hold  the  balls 
in  their  places. 
The  whole  struc¬ 
ture  is  secured 
firmly  together  by 
a  wrought-iron  pin  which  passes  through  the  centre  of  the  plates, 
and  is  tightly  fixed  by  means  of  a  head  and  nut  (Fig.  600).  When 
these  grape-shot  are  fired,  not  only  are  the  balls  dispersed  when 
they  reach  the  muzzle  of  the  gun,  but,  as  the  whole  structure  is 
broken  up  by  the  discharge,  the  discs  also  yield  a  number  of  destruc¬ 
tive  fragments.  The  numerous  small  cast-iron  balls  enclosed  in  the 
canisters  which  form  the  exterior  of  the  case-shot  (Fig.  601)  are 
dispersed  in  a  similar  manner,  the  canister  being  broken  up  in  the 
gun  by  the  discharge. 

The  employment  of  hollow  spherical  projectiles,  or  shells,  dates 
from  a  very  early  period.  They  are  said  to  have  been  used  at 
Naples  in  1495,  and  at  several  other  places  between  that  period  and 
1542,  when  they  were  employed  at  Boulogne.  They  were  made  at 
first  of  wrought-iron,  of  bronze,  and  of  other  alloys,  and,  eventually, 
of  cast-iron.  Many  of  the  earliest  shells  were  of  considerable  size; 
some  used  at  Boulogne  in  1542  were  19  inches  in  diameter,  and  at 
the  bombardment  of  Genoa,  in  1684,  shells  were  thrown  of  1320 
pounds  weight.  In  most  of  the  arsenals  in  Europe  a  few  old  shells 
of  large  diameter,  16  inches  and  even  considerably  larger,  may  still 


be  found.  The  shells  which  for  many  years  past  have  been  in  use 
in  England,  France,  and  other  countries,  are,  however,  of  compara¬ 
tively  small  size,  the  largest  English  shell  being  that  employed  with 
naval  mortars,  which  is  13  inches  in  diameter,  and  weighs  194  pounds. 
A  monster  mortar  of  cast-iron,  constructed  to  throw  shells  of  916 
pounds  weight,  capable  of  holding  99  pounds  of  gunpowder,  was 
brought  to  bear  by  the  French  against  the  citadel  of  Antwerp  in 
1832,  having  been  cast  for  this  purpose  at  Liege;  and,  though  only 
fired  successfully  a  very  few  times,  the  formidably  destructive  effects 
of  the  shells  were  believed  to  have  greatly  accelerated  the  capitula¬ 
tion  of  the  place.  From  that  period  no  attempt  was  made  to  apply 
very  large  shells  until,  in  1854,  Mr.  Robert  Mallet  proposed  to  con¬ 
struct  a  wrought-iron  mortar  for  throwing  shells  36  inches  in  diame¬ 
ter.  Two  of  these  monster  mortars  were  made  for  Government  by 
contract  from  Mr.  Mallet’s  designs,  and  under  his  directions,  a 
short  time  afterwards,  and  several  experiments  were  instituted 
with  one  of  them  at  Woolwich  in  1857.  One  of  these  enormous 
mortars,  and  the  shells  cast  for  them,  form  prominent  features  of 
attraction  in  the  arsenal  at  Woolwich,  and  the  first  object  which 
strikes  the  eye,  on  approaching  the  Royal  Laboratory-collection  in 
the  Exhibition,  is  one  of  these  gigantic  shells.  Their  average 
weight,  empty,  is  nearly  one  ton  and  a  quarter,  and  they  are  capable 
of  holding  about  400  lbs.  of  gunpowder. 

The  common  shells  of  the  service  vary  somewhat  in  their  general 
features  (thickness  of  metal,  &c.),  according  to  the  particular  class 
of  service  in  which  they  are  used.  The  mortar-shells  are  placed  in 
immediate  contact  with  the  charge  of  powder  in  the  mortar,  while 
with  all  other  descriptions  a  wooden  sabot,  or  disc  hollowed  out  on 
one  side  to  the  shape  of  the  shell,  intervenes  between  the  two.  This 
sabot  is  fixed  on  to  the  shell,  by  one  or  two  copper  rivets,  on  the 
opposite  side  of  the  fuze-hole;  it  thus  insures  the  introduction  of 
the  shell  into  the  mortar  or  gun  in  the  proper  position  (with  the 
fuze  towards  the  muzzle).  The  sabots  are  broken  by  the  explosion 
of  the  charge,  and  fall  from  the  shells  as  the  latter  are  propelled. 
They  are  also  considered  to  be  of  advantage  in  rendering  the  action 
of  the  exploding  powder  more  uniform  than  it  would  be  upon  the 
portion  of  the  spherical  shell’s  surface  immediately  exposed  to  it. 

Amongst  the  most  important  inventions  made  in  connection  with 
artillery  was  the  plan  by  which  General  Shrapnel,  at  the  commence¬ 
ment  of  the  present  century,  first  contrived  to  render  shells  the 
means  of  bringing  large  and  concentrated  volleys  of  bullets  to  bear  in 
any  particular  direction.  The  arrangement  originally  introduced  by 
General  Shrapnel  consisted  of  a  cast-iron  shell  of  less  thickness  than 
the  common  shells  (but  sufficiently  thick  to  resist  with  certainty  the 
shock  of  the  explosion  in  the  gun),  into  which  were  introduced  as  many 
leaden  bullets,  of  one  size,  as  it  could  conveniently  hold.  A  small 
charge  of  powder  was  poured  in  among  the  bullets  just  before  the 
shell  was  used,  the  quantity  being  sufficient  to  burst  the  shell  open, 
without  interfering  to  any  important  extent,  by  its  dispersive  force, 
with  the  continuation  of  the  bullets  in  the  original  direction  of  the 
shell’s  flight.  The  ignition  of  this  bursting  charge  at  any  given  period 
during  the  flight  of  the  Shrapnel-shell,  was  effected  by  the  insertion 
of  a  fuze  into  the  mouth  of  the  shell,  arranged  (or  fixed)  so  as  to 
continue  to  burn  from  the  moment  of  firing  the  gun  (whereby  it  was 
ignited),  up  to  the  time  determined  upon  for  the  bursting  of  the 
shell. 

In  the  course  of  the  use  of  these  Shrapnel-shells  in  the  service, 
they  were  found  very  liable  to  explode  prematurely ;  the  powder 
they  contained  being  ignited  by  the  heat  resulting  from  the  powerful 
friction  of  the  bullets  against  each  other  and  against  the  interior  of 
the  shell,  in  consequence  of  the  concussion  sustained  by  the  latter 
upon  the  firing  of  the  gun.  This  led  Lieutenant-Colonel  Boxer, 
as  early  as  1849,  to  devote  his  attention  to  the  improvement  of  the 
Shrapnel-shell,  and  the  ultimate  result  of  his  labours  in  this  direc¬ 
tion  was  the  comparatively  very  perfect  arrangement  known  as  the 
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Diaphragm  Slnapnel-shell  (Fig.  602),  which  has  now  been  in  use 
several  years,  and  of  which  specimens  and  sections,  ranging  from  the 
six-pounder  to  ten-inch  shells,  are  exhibited  among  the  Royal 
Laboratory  products.  The  peculiar  feature  of  the  Diaphragm  Shrap¬ 
nel-shell  consists — 

1.  In  the  separation  of  the  interior  of  the  shell  into  two  parts, 
by  a  wrought-iron  partition,  or  hemispherical  diaphragm,  which,  in 
the  casting  of  the  shell,  becomes  fixed  into  the  mass  of  the  latter, 
and  perfectly  separates,  from  the  remaining  space  in  the  shell,  a 
6mall  portion  on  the  side  where  the  fuze-hole  is  situated. 

2.  In  the  shell  being  provided  with  four  internal  grooves,  which 
promote  its  fracture,  by  the  bursting  powder,  in  particular  directions 
or  lines  of  weakness;  hence  the  bullets  may  be  relieved  by  the 


Fig.  602.  Fig.  6C3. 


Diaphragm  Shrapnel  Shell.  Shrapnel  Shell — Burst. 


bursting  of  the  shell  without  being  irregularly  dispersed  from  the 
trajectory  of  the  latter.  The  bursting  charge  of  gunpowder  is  just 
sufficient  to  cleave  the  shell  open,  as  shown  in  Fig.  603.  It  is  intro¬ 
duced  into  the  small  chamber  formed  by  the  diaphragm ;  it  is  there¬ 
fore  kept  quite  separate  from  the  bullets,  and,  being  situated  in  advance 
of  them  when  in  the  gun,  is  not  affected  by  the  shock  of  the  explo¬ 
sion  more  than  the  powder  in  any  common  shell.  The  diaphragm 
contains  a  circular  hole  immediately  under,  and  of  the  same  size  as, 
the  fuze-hole  of  the  shell.  A  gun-metal  socket,  which  is  screwed 
into  the  fuze  hole,  and  reaches  to  a  little  below  the  diaphragm,  serves 
to  hold  the  time-fuze  with  which  the  shell  is  exploded.  There  is  a 
small  opening  from  this  socket  into  the  powder-chamber,  through 
which  the  fire  from  the  fuze  reaches  the  powder.  The  latter  is 
introduced  into  the  chamber  through  a  small  opening,  closed  with  a 
gun-metal  screw,  and  the  bullets  are  passed  through  the  fuze-socket, 
which  is  closed  at  the  bottom  with  a  screw-plug.  These  bullets  were 
found,  in  the  original  Shrapnel-shells,  to  be  so  greatly  affected  by  the 
concussion  of  the  explosion  in  the  gun,  that  they  were  not  only 
frequently  altogether  changed  in  form,  becoming  flattened  on  several 
sides,  but  were  also  consolidated  into  large  compact  masses,  and  thus 
rendered  useless.  In  a  modification  of  the  original  Shrapnel-shell, 
contrived  by  Lieutenant-Colonel  Boxer  for  use,  until  the  diaphragm 
shell  was  perfected  (and  in  which  the  bursting  powder  was  inclosed 
in  a  thin  metal  cylinder  passing  down  the  centre  of  the  shell,  and 
attached  to  the  fuze-socket),  the  bullets  were  fixed  in  their  places  in 
the  shell  by  pouring  melted  resin  in  among  them.*  The  bullets  were, 
however,  not  always  found  to  be  thoroughly  released  from  the  resin 
by  the  explosion  of  the  bursting  charge.  The  bullets  are  now  made 
of  a  hard  crystalline  alloy,  containing  about  one  part  of  antimony  to 
four  of  lead,  and  the  spaces  between  them  are  filled  up  with  anthracite 
coal-dust.  With  these  alterations  they  are  found  to  retain  their 
form  perfectly,  and  to  be  thoroughly  released  from  the  shell  when 
it  bursts. 

*  In  the  French  Shrapnel-shell  the  bullets  are  fixed  in  their  places  by  means 
of  melted  sulphur,  a  small  space  in  the  shell,  by  the  fuze-hole,  being  left 
empty.  This  serves  for  the  reception  of  the  bursting  powder,  which  is  poured 
in  loosely  upon  the  mass  of  bullets  and  sulphur. 


Among  thespherical  shells  included  in  the  Royal  Laboratory  collec¬ 
tion  is  that  known  as  Martin's  Shell,  which  has  been  recently  intro¬ 
duced  into  the  service,  for  the  projection  of  molten  iron,  an  agent  which 
if  properly  brought  to  bear,  appears  likely  to  prove  more  formidable, 
employed  against  shipping,  than  red-hot  shot  and  other  incendiary 
projectiles  which  have  been  in  use.  To  render  possible  the  manipula¬ 
tion,  and  projection  from  cannon,  of  shells  filled  with  liquid  iron,  some 
arrangement  is  indispensable  for  retarding  the  passage  of  heat  from 
the  interior  to  the  metal  of  the  shell  itself.  This  problem  has  been 
solved  by  Mr.  Martin  in  a  very  simple  manner.  A  thin  and  uniform 
coating  of  clay  is  applied  to  the  core  in  the  mould,  and  this  coating 
becomes  firmly  fixed  on  to  the  interior  surface  of  the  shell  when  the 
casting  is  made.  The  transmission  of  heat  to  the  exterior  is  so  greatly 
retarded  by  the  clay-lining,  that  the  filled  shells  may  be  handled 
and  used  without  danger  or  difficulty.  The  impact  of  the  molten 
iron  upon  the  interior  surface  of  the  shell,  causes  the  fracture  of  the 
latter  upon  its  striking  the  side  of  a  ship.  If  the  iron  be  very  liquid 
when  fired,  it  is  dispersed  in  innumerable  small  granules  on  the  burst¬ 
ing  of  the  shell.  In  this  condition  it  is  far  less  formidable  as  an  incen¬ 
diary  agent,  than  if  it  is  in  a  pasty  condition  when  fired,  which  result 
is  attained  by  allowing  the  filled  shell  to  remain  for  some  minutes 
exposed  to  the  air  before  firing  it.  The  shell  is  plugged  up  when 
filled,  by  the  almost  immediate  solidification  of  the  small  portion  of 
metal  at  the  mouth  of  the  shell. 

Several  kinds  of  projectiles,  employed  for  incendiary  and  illumi¬ 
nating  purposes,  in  which  spherical  shells  of  various  form  and  con¬ 
struction,  are  used  as  receptacles,  are  exhibited  in  the  Royal  Labora¬ 
tory  collection.  The  description  called  carcasses  are  cast-iron 
shells  of  considerably  greater  thickness  than  the  common  shells,  and 
having,  in  place  of  the  one  fuze-hole,  three  larger  openings.  The 
shell  is  very  considerably  weakened  by  these;  hence  it  is  necessarily 
made  thick,  in  order  that  it  may  be  capable  of  sustaining  without 
fracture  the  concussion  resulting  from  the  explosion.  These 
shells  are  filled  with  a  highly  inflammable  and  fiercely  burning 
composition,  which  consists  of  saltptere,  sulphur,  and  resin,  with 
small  proportions  of  crude  antimony,  tallow,  and  turpentine.  This 
composition  is  ignited  by  the  discharge  of  the  piece  from  which 
the  carcass  is  fired,  and  continues  to  burn  for  eight  or  ten  minutes, 
being  exceedingly  difficult  to  extinguish.  These  projectiles  have 
been  chiefly  employed  in  bombarding  towns,  harbours,  &c.  The 
smoke-balls  are  somewhat  old  contrivances  for  producing  dense 
smoke  and  fumes,  for  the  purpose  of  concealing  manoeuvres,  of 
driving  soldiers  from  mines,  &c.  The  smoke-composition  consists 
of  a  mixture  of  saltpetre,  gunpowder,  tallow,  pitch,  and  coal. 
It  is  inclosed  in  a  paste-board  or  paper  shell,  provided  with  a 
fuze-hole. 

Projectiles  known  as  light-balls  have  been  employed  for  throwing 
from  mortars  into  the  neighbourhood  of  the  enemy,  with  the  view  to 
cast  light  upon  their  operations.  An  ingenious  and  much  more 
efficient  contrivance  for  effecting  this  object,  by  throwing  light  from  a 
considerable  height,  has  been  invented  by  Lieutenant-Colonel  Boxer, 
and  is  among  the  projectiles  exhibited.  This  arrangement  is  called 
the  parachute  light,  and  is  built  up  in  the  following  manner: — In 
an  outer  shell  of  paper,  provided  with  a  fuze-hole,  are  inclosed  two 
hemispheres  of  sheet  tin ;  one  of  these,  having  a  lid  soldered  to  it.  and 
containing  four  round  holes  in  the  convex  surface,  is  filled  with  a  com¬ 
position  composed  of  saltpetre,  sulphur,  and  red  orpiment,  which  burns 
with  a  very  brilliant  white  light.  The  other  tin  hemisphere  incloses 
a  very  ample  calico  parachute,  of  which  the  strings  are  attached  by  a 
small  chain  to  the  lid  of  the  hemisphere-case  containing  the  source  of 
light.  There  is  sufficient  space  between  the  paper  shell  and  the  tin 
case  to  receive  a  small  charge  of  powder,  which  is  ignited  at  the  proper 
time  by  means  of  a  fuze  inserted  in  the  shell.  The  latter  consists  of 
two  hemispheres,  joined  together  by  having  paper  pasted  round  their 
|  edges.  These  parachute-shells  are  fired  from  mortars  placed  at  a 
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Colonel  Boxer’s  Parachute  Light. 


high  angle ;  when  the  shell  has  attained  its  proper  elevation,  the  fuze 
fires  the  bursting  charge  of  powder;  the  paper  shell  is  split  in  halves, 
which  fall  away  at  once;  the  light-giving  composition  is  ignited 
simultaneously  with  the  bursting  of  the  shell;  and,  as  the  case  which 
contains  it  falls  a  little,  the  parachute  leaves  its  tin  envelope,  and  at 

once  unfolds  (Fig.  604).  The  source 
of  heat  beneath  it  serves  to  sustain 
it  in  the  air,  and  even  to  make  it 
rise  for  a  short  time ;  and  thus 
a  very  brilliant  and  steady  light 
is  produced,  at  a  distance  from 
the  ground  very  favourable  to 
illumination,  and  sufficiently  great 
to  prevent  any  interference  with  it. 

The  only  class  of  projectiles 
which  now  remains  for  discussion 
is  one  which  differs  very  widely  in 
form  and  principle  from  any  others 
examined  in  the  foregoing.  While 
all  the  others  depend,  for  the 
motion  imparted  to  them,  upon 
their  almost  momentary  exposure 
to  an  enormous  force,  exerted  upon 
them  in  a  space  which  is  confined 
in  all  but  one  direction,  the  projectiles  known  as  rockets  contain 
within  themselves  the  cause  of  their  motion. 

Like  that  of  gunpowder,  the  discovery  of  the  rocket  is  enveloped  in 
great  obscurity.  There  is  no  doubt  that  rockets  were  employed  in  Asia 
at  a  very  remote  period,  not  only  for  recreative,  but  also  for  warlike 
purposes.  The  Chinese  are  recorded  to  have  employed  this  projectile 
in  the  beginning  of  the  thirteenth  century,  in  their  wars  with  the 
Tartars.  Rockets  were  also  used  for  war  purposes  in  Europe  as  far 
back  as  1379  by  the  Paduans,  and  at  about  the  same  period  by  the 
Venetians.  Sir  William  Congreve  was  the  first  in  this  country  to  point 
out  the  peculiar  advantages  possessed  by  this  description  of  projectile; 
he  also  devoted  himself  successfully  to  proving,  experimentally,  these 
advantages,  by  greatly  perfecting  the  construction  of  the  rocket ;  and 
it  is  to  him  that  the  artillery  of  this  and  other  countries  were,  in  the 
first  instance,  indebted  for  a  serviceable  war-rocket.  Great  differ¬ 
ences  of  opinion  exist,  however,  at  present,  on  the  value  of  the 
Congreve  rochet,  it  being  regarded  by  some  authorities  as  a  most 
formidable  projectile,  surpassing  most  others  in  its  effects,  if  used  in 
sufficient  quantities;  while  some,  again,  condemn  it  altogether  as 
being  most  uncertain  in  its  character,  and  dangerous  to  those 
employing  it,  in  consequence  of  its  liability  to  burst. 

In  examining  into  the  construction  of  the  Congreve  rocket  (Fig. 
605),  it  should  first  be  remembered  that  the  cause  of  its  motion  is 

the  excess  of  a  particular  pressure 
Fig.  605.  exerted  upon  the  body  in  one 

over  that  of  another  kind  (atmos¬ 
pheric  resistance),  by  which  it  is 
acted  upon  in  the  opposite  direc¬ 
tion  ;  and  that  this  preponder¬ 
ating  pressure  is  produced  by  an 
elastic  gas  rapidly  and  continuously  generated  at  a  very  high 
temperature  within  the  body  of  the  rocket.  The  motive  agent  is, 
therefore,  an  explosive,  or  rather  a  very  powerful  self-combustible 
composition  (consisting  of  saltpetre,  sulphur,  and  charcoal),  com¬ 
pressed  more  or  less  firmly  into  a  cylindrical  case,  which,  in  war 
rockets,  is  made  of  stout  sheet-iron,  protected  from  contact  with 
the  composition  by  a  lining  of  paper  or  marine  glue.  Into  one  end 
of  this  cylinder  is  fixed  a  hollow  iron  head  (or  shell)  of  cylindro- 
conoidal  form,  wdiich  has  a  fuze-hole  in  its  base,  and  a  small 
opening  closed  with  a  screw-plug  in  its  apex,  through  which  a 


Congreve  Rocket. 


bursting  charge  of  gunpowder  may  be  inserted,  and  which  is  also 
used  for  boring  into  the  fuze  in  the  shell,  so  as  to  regulate  the 
period  of  bursting  of  the  latter.  The  other  end,  or  base  of  the 
rocket  case,  is  closed  by  an  iron  disc  which,  in  the  Congreve  rocket, 
has  a  central  hole  to  receive  the  rocket-stick,  and  five  other  holes 
equidistant  from  each  other  and  from  the  stick-socket ;  these  holes 
serve  as  vents  for  the  escape  of  the  gas  generated  in  the  socket. 
Their  size,  the  strength  or  degree  of  combustibility  of  the  rocket- 
composition,  and  the  extent  of  its  compression  and  intimacy  of  its 
mixture,  contribute  to  regulate  the  rapidity  of  flight  of  the  rocket ; 
one  other  most  important  regulating  agency  consists  in  the  amount 
of  surface  of  the  composition  which  is  ignited  at  one  time.  The 
latter  is  not  solid  throughout  its  entire  mass,  but  eontains  a  eylindro- 
conical  cavity,  tapering  towards  the  head  ;  the  extent  of  surface 
thus  exposed  to  ignition,  and  the  consequent  volume  of  gas  disen¬ 
gaged  at  one  time,  are,  of  course,  regulated  by  the  dimensions  of 
this  cavity.  The  objects  to  be  attained  by  the  stick  which  is 
attached  to  the  rocket,  are  to  counteract,  by  the  resistance  of  the 
air  upon  the  former,  any  tendency  to  rotation  in  the  rocket,  and  to 
maintain  it,  during  its  flight,  as  nearly  as  possible  in  the  direction 
originally  given  to  it  when  discharged  from  the  rocket-tube.  The 
first  rocket  proposed  by  Sir  William  Congreve  had  the  stick  placed 
at  the  side  of  the  case,  as  in  the  rockets  employed  at  present  for 
signal  and  pyrotechnic  purposes ;  but  when  in  this  position  it 
fulfils  its  objects  very  imperfectly.  The  only  plan  thoroughly 
favourable  to  their  fulfilment  is  that,  afterwards  adopted  by  the 
above-named  officer,  of  fixing  the  stick  exactly  in  the  axis  of  the 
rocket.  It  is  also  of  the  greatest  importance  that  the  sticks  should 
be  perfectly  straight,  and  that,  therefore,  they  should  be  made  of 
thoroughly  seasoned  wood. 

It  has  already  been  stated  that  the  Congreve  rocket  is  regarded 
with  considerable  disfavour  by  many  military  authorities,  and  there 
is  no  doubt  that  both  the  safety  of  its  employment  and  its  efficiency 
as  an  instrument  of  war  are  matters  of  great  uncertainty  in  its 
present  condition  ;  one  or  two  improvements  in  its  manufacture  have, 
however,  been  recently  introduced  by  Lieutenant-Colonel  Boxer, 
and  it  is  very  possible  that  in  the  hands  of  that  talented  officer,  it 
may  receive  such  improvements  as  to  leave  but  one  opinion  regard¬ 
ing  the  advantages  it  possesses  as  a  war-projectile. 

Several  specimens  of  war-rockets,  of  ingenious  construction,  which 
have  been  patented  from  time  to  time  by  Mr  Hale,  are  exhibited  by 
that  gentleman  in  Class  11  (2545).  These  rockets  are  of  three 
kinds,  and  they  are  all  constructed  with  the  view  to  regulate  the 
accuracy  of  their  flight  by  causing  them  to  rotate ;  they,  therefore, 
have  no  stick  or  other  appendage  for  preserving  them  in  a  direct 
line  of  flight.  The  first  rocket  (a  and  b,  Fig.  606),  prepared  by  Mr. 
Hale  (and  patented  by  him  in  1 844)  has  a  base  in  the  form  of  a 
frustrum  of  a  cone,  with  a  large  vent¬ 
hole  through  its  axis,  and  five  oblique  or 
tangential  holes,  equidistant  from  it  and 
from  each  other ;  the  escape  of  the  gas 
through  these  imparts  a  rotatory  motion 
to  the  rocket  upon  its  longer  axis,  while 
the  issue  of  the  gas  through  the  central  Hale's  Rocket, 

aperture  propels  the  rocket  onwards.  In 

practice  with  these  rockets  it  was  found  that,  in  consequence  of  the 
obtuse  angle  at  which  the  tangential  holes  were  placed,  the  rear 
portion  of  the  projectile  had  a  tendency  to  describe  an  orbit  during 
the  flight.  This  led  to  the  construction  by  Mr.  Hale  of  a  second 
rocket,  patented  in  1858,  which  has  three  tangential  apertures  near 
the  fore-part  or  head  ;  the  object  of  thus  placing  the  apertures  near 
the  centre  of  gravity  of  the  rocket,  and  in  the  direction  of  a  tangent 
to  a  circle,  is  to  obtain  a  steady  rotation  of  the  projectile  round  its 
longitudinal  axis,  which  was  not  produced  by  the  first  arrangement. 
A  third  form  of  rocket  has  been  patented  in  1862  by  Mr.  Hale,  which 
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differs  considerably  from  the  two  others.  In  these,  the  power  (or 
the  streams  of  gas)  by  which  rotation  is  obtained,  has  no  effect  in 
propelling  the  rocket ;  but  in  the  last  improvement  the  power  by 
which  rotation  is  produced  at  the  same  time  contributes  to  the 
propulsion  of  the  rocket.  Taking  advantage  of  the  fact  that  a  gas 
issuing  under  compression  from  an  aperture  will  exert  its  force  in 
all  directions,  Mr.  Hale  has  contrived  a  simple  arrangement  for  the 
base  of  his  new  rocket  (c,  Fig.  606),  in  which  the  gas,  issuing  from 
straight  apertures,  in  a  line  with  the  axis  of  the  projectile,  is  made 
to  act  upon  curved  projecting  surfaces  placed  in  the  same  line  as 
the  holes,  and  thus  to  impart  rotation  to,  and  at  the  same  time  to 
propel,  the  rocket. 

Besides  war-rockets,  the  Royal  Laboratory  collection  in  Class  11 
includes  small  rockets  employed  for  signal  purposes.  The  case 
and  head  of  these  are  made  of  strong  paper ;  the  former  contains 


the  propelling  composition,  and  the  latter,  which  is  conical,  encloses 
the  so-called  stars,  which  are  firm  pellets  made  up  essentially  of 
saltpetre,  sulphur,  sulphide  of  antimony,  and  gunpowder.  These 
signal  rockets  only  differ  from  the  ordinary  firework  in  containing 
stars  of  a  single  colour  (white),  while  the  latter  are  made  to  vary  in 
the  colour  they  furnish,  in  rockets  used  for  pyrotechnic  displays. 

In  this  sketch  of  the  nature  of  those  projectiles  which  have  been 
exhibited,  and  of  the  gradual  development  and  perfection  of  the 
most  prominent,  it  has  been  in  many  instances  impossible  to  enter 
properly  into  their  full  merits,  since  these  are  so  intimately  con¬ 
nected  with  the  arms  from  which  the  projectiles  are  fired.  It  is 
hoped,  however,  that  sufficient  may  have  been  said  to  render  clear 
the  most  characteristic  features  of  the  several  classes  of  projectiles, 
and  to  furnish  an  outline  of  the  history,  up  to  the  present  time,  of 
this  important  division  of  the  implements  of  war. 


1.  FORTIFICATION  AND  MILITARY  CONTRIVANCES. 


By  Colonel  Cunliffe  Owen,  R.E.,  C.B. 

ORTIFICATION  has  been  described  as  the 
art  of  putting  small  numbers  on  a  level 
with  great ;  but  it  has  not  an  exclusive 
claim  to  that  description,  for  the  whole 
art  of  war  has  no  other  object.  If 
superior  arms,  organization,  or  tactics  are 
devised,  they  have  for  their  object  to 
raise  the  value  of  the  individual  soldier, 
and  to  make  his  work  of  as  much  avail 
as  possible.  The  higher  military  science 
is  carried,  the  less  will  be  the  amount  of  bloodshed  required  to  settle 
the  quarrels  of  nations. 

Fortification  has  more  strictly  for  one  of  its  objects  to  select  a  field 
of  battle  over  which  the  enemy  must  pass,  and  so  dispose  it  that 
small  numbers  may  resist  greater. 

The  earliest  fortifications  were  erected  for  the  security  of  towns 
from  violence,  or  to  secure  some  chieftain  in  the  exercise  of  his 
power  or  lawlessness.  With  the  advance  of  civilization  the  peace¬ 
able  inhabitants  of  a  town  scarcely  need  fortifications  for  their  own 
protection,  and  would  generally  prefer  an  unresisted  occupation  by 
the  army  of  a  civilized  power  to  the  danger  of  a  siege.  Fortifica¬ 
tions  are  now  confined  to  arsenals,  the  safety  of  which  is  necessary 
to  the  maintenance  of  the  power  of  a  country,  like  Cherbourg  or 
Portsmouth ;  to  a  metropolis,  the  fall  of  which  would  decide  the 
fate  of  a  war,  like  Paris;  to  a  frontier,  like  the  Venetian  Quadri¬ 
lateral  ;  or,  finally,  to  some  strategic  position,  which  it  is  supposed 
an  enemy  cannot  leave  in  his  rear  except  watched  by  very  over¬ 
powering  numbers ;  such  are  the  works  at  Linz,  Coblenz,  Antwerp, 
and  perhaps  of  Dover. 

It  is  of  the  highest  importance  to  keep  the  object  of  fortification 
clearly  in  view,  for  if  points  are  fortified  which  need  not  be  defended, 
not  only  money  but  men  are  misapplied ;  but  if  it  is  clear  that  a 
certain  position  must  be  held  at  all  hazards,  fortification  enables  us 
to  do  it  with  the  fewest  possible  men. 

It  is  the  custom  to  deride  the  great  wall  of  China ;  but  while 
China  had  troops  worthy  of  the  name,  that  wall  secured  the  industry 
and  civilization  of  the  country  for  many  hundred  years  from  those 
who  were  then  really  and  truly  “  outer  barbarians.”  The  same 
was  the  effect  of  the  Roman  walls  in  North  Britain  ;  and  in  our 
own  day  the  Venetian  Quadrilateral  has  prolonged  the  power  of 
Austria  in  Italy  for  a  period  of  which  the  end  is  not  yet  seen,  however 
much  Europe  may  regret  it.  Even  the  ramparts  of  Gaeta  held  the 
fate  of  Italy  in  a  balance  for  months. 

The  profession  of  the  military  engineer  may  not  be  the  most 


brilliant,  but  it  is  one  of  the  most  indispensable  to  the  safety  of  a 
military  power ;  and  those  who  sneer  at  his  building  defensive 
works  in  peace,  when  no  one  thinks  of  attacking  them,  will  turn 
out  as  wise  as  those  who  sneered  at  Noah  for  building  his  ark  on 
dry  land. 

The  conditions  the  engineer  has  to  attain  are,  that  the  defenders 
may  use  their  own  arms  with  effect,  and  in  as  much  security  as  pos¬ 
sible  ;  and,  secondly,  that  the  besiegers  may  be  prevented  from 
coming  hand  to  hand  with  them.  A  parapet  to  fight  behind  ( b ,  F  ig. 


607);  a  rampart  to  fight  upon,  a;  a  wide  ditch,  d,  or  a  high  wall,  c, 
to  keep  the  enemy  at  a  distance ;  must  be  found  in  every  fortifica¬ 
tion  in  every  age  or  country,  in  one  shape  or  another. 

That  it  was  found  physically  impossible  from  the  parapet  to 
see  the  bottom  of  a  high  wall  in  front,  has  led  to  all  the  intricate 
plans  which  fill  works  on  fortification.  It  was  necessary  to  see 
the  face  and  bottom  of  the  wall,  and  impossible  to  see  it  from  the 
top ;  it  was  therefore  necessary  to  throw  out  a  tower,  or  a  bastion, 
which  is  the  rampart  bent  into  the  form  of  a  tower,  or  a  capon- 
niere,  which  is  a  sunk  bastion,  to  see  and  fire  upon,  or  flank  the 
wall. 

Another  difficulty  arose  when  the  discovery  was  made  that  masonry 
walls  gave  way  rapidly  before  artillery  fire  ;  then  the  wall  had  to  be 
sunk  in  a  ditch,  and  became  an  escarp  (c,  Fig.  607),  the  opposite  side 
of  the  ditch  the  counterscarp,  e  ;  a  covered  way  or  road,  f  along  the 
top  of  the  counterscarp,  was  added ;  and  the  result  is  the  general 
section  of  most  works  of  fortification  at  the  present  day,  unless 
it  be  found  that  iron  allows  us  to  return  to  the  section  of  mediaeval 
works.  It  will  be  observed  that  the  escarp  cannot  be  breached 
except  from  a  battery  placed  on  the  crest  of  the  covertway,  and 
if  this  escarp  be  30  feet  high,  it  is  practically  inaccessible  until  it 
is  breached. 

The  limits  of  this  paper  do  not  admit  of  my  even  mentioning  a 
tithe  of  the  various  accessories,  outworks,  &c.,  which  have  been 
added  by  engineers  to  retard  the  approach  of  the  enemy  to  the 
counterscarp  of  the  maiu  work.  For  a  description  of  ravelins, 
liornworks,  tenailles,  counterguards,  and  such  other  contrivances, 
readers  must  be  referred  to  writers  on  fortification,  who  are  almost 
as  numerous  as  the  fortresses  which  have  been  erected. 
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The  object  of  the  present  paper  is  to  trace  the  present  state  of 
the  art  as  shown  in  the  Exhibition,  or  at  the  time  of  the  Exhibition 
of  1862  ;  and  I  have  almost  said  enough  to  enable  a  reader  of  the 
Practical  Mechanics'  Journal  to  follow  me — almost,  but  not  quite. 
It  is  absolutely  necessary  to  form  some  idea  of  the  mode  of  aLtack 
and  defence,  to  pass  a  judgment  on  a  work  of  fortification. 

If  a  garrison  is  careless  or  undisciplined,  or  badly  led,  a  place 
may  be  taken  by  assault  during  the  night  or  by  surprise  in  open 
day.  Instances  of  both  occur  in  history ;  but  against  such  events 
an  engineer  cannot  guard,  any  more  than  his  civil  brethren  can 
guard  against  railway  accidents.  But  if  a  fortress  is  well  defended 
and  well  found,  an  enemy  must  blockade,  mask,  or  besiege  it. 

The  two  first  modes  of  dealing  with  it  absorb  a  large  portion  of 
the  enemy’s  army,  and  can  therefore  only  be  adopted  when  his 
numbers  are  very  overpowering ;  and  they  are  inapplicable  when 
the  fortification  covers  the  object  of  the  war.  The  only  other 
alternative  is  a  siege.  The  art  of  sieges,  which  is  as  old  as  that  of 
fortification,  is  to  construct  in  front  of  the  fortress  works  which 
will  cover  the  besiegers  and  their  armament,  in  the  same  way  as 
the  fortress  covers  the  garrison  and  its  armament.  Of  course  it  is 
not  the  object  of  the  besiegers  to  avoid,  but  rather  to  court  personal 
conflict,  in  which  their  superior  numbers  must  generally  prevail. 
The  besiegers’  works  are  therefore  low  and  accessible  from  all  sides. 
They  are  in  fact  mere  trenches ,  the  excavation  from  which  is  thrown 
into  the  form  of  a  rough  parapet,  and  the  bottom  of  the  trench  forms 
a  covered  road,  battery,  or  whatever  else  is  required. 

These  trenches  and  batteries  are  first  formed  at  a  distance.  As 
the  artillery  fire  of  the  garrison  is  silenced,  they  are  drawn  closer 
and  closer,  and  afford  the  besieger  an  opportunity  of  placing  the 
garrison  of  his  works  nearer  and  nearer  to  the  garrison  of  the 
fortress,  till  every  loophole,  every  embrasure,  is  watched  by  so  many 
hostile  rifles  that  a  head  can  be  scarcely  shown  anywhere  with 
impunity.  It  is  not  till  such  a  state  of  things  is  established  that  he 
can  construct,  arm,  and  work  a  battery  of  heavy  cannon  on  the  crest 
of  the  covert  way,  breach  the  escarp,  blow  down  the  counterscarp, 
collect  his  troops  within  easy  reach  of  the  breach,  and  give  the  final 
assault. 

At  Sebastopol,  where  there  were  no  walls  to  breach,  and  where 
the  works  could  not  have  been  defended  at  all  except  by  numbers,  and 
by  an  armament  almost  equal  to  those  of  the  besiegers,  the  French 
were  able  to  push  their  trenches  to 
within  50  yards  of  the  works,  and 
their  assault  succeeded ;  the  Eng¬ 
lish  theirs  no  further  than  300 
yards  from  the  works,  and  their 
assault  failed.  Had  every  other 
condition  been  the  same,  the  result 
might  almost  have  been  predicted 
by  simple  rule  of  three. 

Readers  will  now  understand 
that  fortification  is  but  one  kind  of 
machinery  enabling  small  numbers 
to  resist  large,  and  compelling  the 
large  numbers  to  adopt  machinery 
of  the  same  kind,  and  expend  their 
time,  blood,  and  resources,  on  a 
restricted  field  of  battle,  where 
almost  everything  but  numbers  is 
against  the  besiegers. 

To  come  at  last  to  the  Exhi¬ 
bition,  a  glance  at  the  catalogue  will  show  that  we  English  are  the 
only  nation  who  exhibit  any  fortification  at  all ;  and  we  certainly 
are  the  nation  who  are  at  this  moment  spending  most  money  upon 
it.  The  French  at  Lille,  the  Russians  at  Mbdlin,  the  Belgians 
at  Antwerp,  are  also,  however,  hard  at  work  preparing  for  evil 


days,  though  the  mode  in  which  they  do  it,  they  prefer  keeping  to 
themselves. 

We  have,  on  the  contrary,  shown  pretty  candidly  what  we  are 
doing ;  and  though  there  is  a  certain  amount  of  reserve  about  works 
which  require  it,  we  can  easily  judge  what  kind  of  works  are  now 
being  constructed  for  the  defence  of  our  arsenals.  The  best  ex¬ 
ample  perhaps,  in  the  Exhibition  is  the  model  of  Fort  Tor  (Fig.  608). 

Fit.  G08. 
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Fort  Tor— Plan. 

It  is  one  of  a  chain  of  forts  originally  intended  to  cover  Plymouth 
from  the  north-east,  but  abandoned  for  another  line,  for  reasons 
which  it  is  not  now  necessary  to  enter  upon.  There  were  to  have 
been  five  or  six  of  these  forts  on  a  line  extending  about  as  many  miles. 
The  artillery  fire  of  these  foils  commanded  the  whole  of  the  ground  in 
front  and  between  ;  and  it  was  and  is  supposed  that  over  ground  so 
commanded  no  enemy  can  pass.  This  is  the  system  of  “  detached 
forts,”  which  in  the  military  councils  of  England  has  gained  a  deci¬ 
sive  victory  over  that  of  continuous  lines,  of  which  the  Ililsea  lines 

Fig.  6C9. 
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Ililsea  Lines. 


(Fig.  609),  is  an  example,  and  where  a  ditch  and  rampart  are 
opposed  at  every  point  to  the  advance  of  an  enemy. 

That  detached  outworks  in  advance  of  a  fortified  place  are  a 
better  means  of  strengthening  it  than  heaping  work  upon  work 
close  to  and  in  connection  with  it,  has  been  long  allowed  by  the 
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engineers  of  all  nations ;  Paris  and  Coblenz  are  examples  of  it. 
That  an  intrenched  camp  to  he  defended  by  an  army  approaching 
in  numbers  those  of  the  enemy,  is  best  defended  by  a  broken  line, 
which  enables  the  defender  to  manoeuvre  between  the  works,  has 
also  been  allowed.  Such  is  Linz,  and  such  were  the  lines  of  Torres 
Vedras.  But  it  is  somewhat  new  to  trust  to  detached  works  a  mile 
apart  for  the  defence  of  a  regular  fortress.  Old  engineers,  such  as 
Vauban  and  Coehorn,  accumulated  obstacles  to  prevent  a  breach 
being  made  in  the  walls;  we  leave  breaches  a  mile  wide,  almost 
as  smooth  as  a  bowling  green.  It  is  to  be  hoped  that  this  dis¬ 
covery  will  bear  the  judgment  of  fact;  for  a  place  fortified  on  these 
principles  has  never  yet  been  attacked.  It  is  urged  in  favour  of 
these  detached  forts  that  they  can  be  defended  by  fewer  men  than 
a  continuous  line  of  the  same  extent,  and  that  the  fall  of  one  of 
them  does  not  involve  the  failure  of  the  whole  system.  These  are 
very  great  advantages ;  they  are,  however,  questioned  by  the  sup¬ 
porters  of  continuous  lines.  It  is  urged  by  these  that  a  work  like 
Fort  Tor  cannot  be  flanked  from  less  than  six  points;  that  the 
average  range  of  fire  from  those  points  does  not  exceed  1 50  yards ; 
that  300  yards  was  considered  a  fair  length  for  a  flanked  line,  even 
in  the  days  of  Vauban,  and  that  it  might  now  be  safely  carried  to 
500  yards ;  that  at  Hilsea  lines  it  has  in  fact  been  carried  to  that 
length;  that  the  six  flanks  of  Fort  Tor  would  therefore  cover  a 
development  of  3000  yards,  without  adding  a  man  or  a  gun — that  is, 
would  cover  the  whole  space  which  separates  the  forts  almost  twice 
over.  And,  in  reply  to  the  argument  that  the  fall  of  one  fort  does 
not  involve  the  fall  of  the  whole,  it  may  be  said  that  the  fall  of  one 
would  render  the  fall  of  the  others  unnecessary,  even  if  the  fall  of 
one  were  necessary  at  all,  and  that  no  enemy  would  waste  his 
strength  upon  the  shell  when  the  kernel  of  the  nut  is  within  his 
grasp.  Seamen  are  said  to  be  still  at  issue  as  to  whether  the  lea 
or  the  weather  clue  of  a  topsail  should  be  first  lifted,  and  so  are 
engineers  about  some  of  the  first  principles  of  their  art. 

As  to  the  details  of  these  works,  “too  much”  can  scarcely  be  said 
in  their  praise;  the  masonry  is  well  covered  from  fire,  and  the  flanks 
almost  indestructible.  Every  arrangement  for  the  security  of  the 
garrison  and  the  service  of  the  artillery  is  most  carefully  studied 
and  successfully  carried  out. 

As  there  are  both  amateurs  and  professionals  in  all  branches,  so 
there  are  among  military  engineers.  The  principal  production  of 
the  former  class  shown  in  the  Exhibition  is  a  large  model  of  proposed 
fortifications  for  London,  by  Colonel  Shafto  Adair,  which  is  very 
carefully  executed. 

The  above  remarks  apply  entirely  to  land  defences,  to  such  as 
are  to  oppose  an  army,  not  to  those  which  are  to  oppose  a  fleet. 
The  latter  has  been  by  far  the  most  popular  subject  of  the  two ;  and 
those  who  have  gathered  their  ideas  from  the  newspapers  and 
parliamentary  debates,  might  very  well  suppose  that  a  fort  which 
is  not  to  oppose  a  ship  cannot  be  a  fort  at  all.  But  the  fact  is  that 
marine  forts  or  sea  batteries  are  not,  strictly  speaking,  fortifications 
under  the  usual  definition  of  the  word,  though  it  is  high  time  they 
should  be,  and  the  principles  of  their  construction  clearly  laid  down. 
A  student  might  go  through  a  very  full  course  of  the  ordinary 
reading  on  fortification  without  hearing  of  marine  forts  at  all. 

Their  main  object  is  to  give  convenient  and  safe  cover  for  a  certain 
number  of  heavy  guns  to  fire  upon  ships.  Simple  earth  batteries  are 
among  the  hest,  on  account  of  the  indestructible  nature  of  the 
parapets,  but  they  take  per  gun  a  very  large  space ;  and  when  a 
rocky  island  or  promontory  has  to  receive  a  large  number  of  guns, 
a  masonry  parapet  is  unavoidable  ;  and  when  it  is  wished  to  mount 
two  or  more  tiers  of  guns,  casemates  must  be  adopted.  Several  of 
these  batteries  are  shown  in  the  Exhibition  ;  one  for  Hurst  Castle, 
commanding  the  Needles  passage,  is  a  good  example.  It  presents 
the  novelty  of  the  guns  being  covered  by  shields  of  wrought- 


iron,  a  material  which  professes  great  advantages  over  any  other, 
besides  its  indestructibility.  The  embrasure  in  an  earth  or  stone 
parapet  has  to  be  necessarily  of  a  funnel  shape,  in  order  to  give  the 
gun  a  proper  scope  for  its  fire,  and  the  greater  this  scope  the  wider 
is  the  mouth  of  the  embrasure,  the  more  it  leads  shot  to  the  gun, 
and  the  more  acute,  and  therefore  the  weaker,  become  the  jambs 
or  cheeks.  With  an  iron  plate  even  as  much  as  10  or  12  inches  in 
thickness,  the  embrasure  is  reduced  to  a  small  aperture,  cut  almost 
square  through  it,  and  presents  a  very  small  mark  to  the  enemy. 
All  these  arrangements  are  the  result  of  careful  experiment,  and 
deserve  the  highest  praise. 

Forts  entirely  of  iron  are  spoken  of,  but  their  cost  is  a  great 
obstacle  ;  and,  after  all,  naval  gunnery  is  not,  nor  ever  can  be,  so 
precise  as  to  form  actual  breaches  in  well-constructed  works,  which 
can  only  be  effected  by  repeated  blows  upon  the  same  spot.  Ships 
may  throw  incendiary  projectiles  into  a  dockyard  or  town  from  a 
great  distance ;  they  may  by  a  close  and  concentrated  fire  silence  the 
fire  of  a  battery,  though  the  instances  are  very  rare.;  and  a  ship  may 
run  by  it ;  but  to  destroy  it  by  breaching  has  not  yet  been  done,  and 
probably  never  will  be. 

Ships  may  be  furnished  with  the  most  powerful  and  precise  form 
of  artillery,  but  the  platform  the  guns  are  fired  from  is  in  constant 
motion,  if  not  from  the  waves,  then  from  the  oscillation  caused  by 
previous  discharges  ;  and  the  gunner  has,  indeed,  in  a  great  measure, 
to  depend  upon  this  oscillation  for  bringing  the  line  of  fire  in  the 
required  direction  ;  whereas  a  gun  on  shore  can  be  laid  with  almost 
the  precision  of  a  theodolite.  To  compare  the  two  is  almost  to 
compare  a  flying,  with  a  sitting  shot,  at  a  bird. 

Whether  the  guns  in  marine  forts  will  eventually  gain  the  mastery 
over  iron-clad  ships  is  a  question  yet  unsolved,  and  must  remain  so 
in  a  great  degree  until  the  whole  of  the  elements  are  determined, 
that  is,  until  the  nature  of  the  armour  of  ships  and  the  calibres  of 
guns  have  attained  certain  practical  limits. 

Ships  have  this  in  their  favour,  that  they  will  not  always  present 
their  broadsides  perpendicularly  to  the  fire  of  forts  as  the  targets  at 
Shoeburyness  do ;  and,  further,  that  even  if  penetrated  by  a  few 
shots,  they  may,  as  ships  have  before,  survive  them.  It  is  one  thing 
to  penetrate  an  iron  ship,  and  another  to  sink  or  burn  her.  On  the 
other  hand,  ships  have  against  them  the  danger  of  shoals,  the  nar¬ 
rowness  and  intricacy  of  most  channels,  the  thick  mist  caused  by 
the  smoke  of  their  own  guns,  the  risk  of  accidents  to  engines  and 
rudders,  the  confusion  caused  in  a  squadron  by  a  single  ship 
becoming  a  wreck,  and  all  the  difficulties  of  wind  and  tide. 

Sad  as  it  may  seem  to  see  civilized  nations  devoting  so  much  of 
their  time,  thought,  talent,  and  resources  to  measures  of  offence  and 
defence,  humanity  must  gain  by  it  in  the  end.  Wars  were  more 
frequent,  more  prolonged,  more  lightly  entered  into,  when  they  were 
less  costly.  The  wisest  mode  for  the  advocates  of  peace  to  attain 
their  object  would  be  to  encourage  the  study  of  the  art  of  war 
by  all  means  in  their  power.  It  is  only  by  conducting  war  upon 
the  principles  of  science  that  the  results  of  the  one  will  be  as 
unerring  as  those  of  the  other ;  and  then,  and  not  till  then,  will  it 
be  considered  madness  to  provoke  it.  “  As  in  the  art  of  poetry  all 
arts  have  been  blended,  so  in  the  art  of  war  have  all  sciences  and 
all  arts.  The  art  of  war  is  the  highest,  most  exalted  art ;  the  art 
of  freedom  and  of  right,  of  the  blessed  condition  of  man  and  of 
humanity — the  principle  of  peace.”* 


I  have  allowed  my  not  inexcusable  interest  in  my  own  branch 
of  the  profession  to  run  away  with  all  my  space,  leaving  none  for 
other  military  appliances  in  this  section,  which,  though  neither  very 
numerous  nor  very  important,  certainly  deserved  better  treatment 
at  my  hands. 

*  Okcn.  Ray  Society,  1S47. 
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By  John'  RrcnY,  Esq.,  A.M.,  of  Messrs.  William  &  John  Rigby, 
Dublin. 

E  period  which  has  elapsed  since  the 
Exhibition  of  1851  has  been  marked  by 
an  extraordinary  activity  of  invention  in 
the  department  of  firearms.  That  this 
activity  should  be  wholly  attributed  to 
the  stimulus  supplied  by  the  public  dis¬ 
play  of  foreign  inventions  on  that  occa¬ 
sion,  we  do  not  undertake  to  say;  but 
there  can  be  no  doubt  that  from  that 
3'ear  dates  a  period  of  unusually  rapid 
change,  and  unusually  rapid  develop¬ 
ment  iu  the  construction  of  small  arms 
of  every  species.  This  revolution  com¬ 
menced  among  pistols  by  the  introduc¬ 
tion  of  the  revolving  principle,  then  affected  military  arms  by  the 
substitution  of  rifles  for  ihe  smooth  bore  musket,  and  was  con¬ 
tinued  in  the  numerous  efforts  to  solve  practically  the  important 
problem  of  loading  all  firearms  at  the  breech.  Looking  at  the  con¬ 
tributions  of  British  exhibitors  at  Kensington,  we  can  determine  at 
a  glance  how  far  these  revolutions  have  succeeded,  and  how  far  and 
iu  what  departments  there  has  been  reaction  from  their  effects.  In 
the  first,  that  affecting  pistols  for  offensive  and  defensive  purposes, 
the  revolver  has  so  completely  displaced  the  old  models  that  there 
is  scarcely  one  of  them  to  be  seen,  and  the  whole  interest  of  the 
pistol  question  turns  on  the  merit  of  the  various  patents  which  are 
before  the  public,  and  more  especially  on  the  comparatively  recent 
application  of  the  breeeh-loading  idea  to  this  form  of  weapon.  In 
the  second — the  improvement  of  military  arms — the  success  of  the 
revolution  is,  if  possible,  more  complete,  and  every  branch  of  our 
service  is  now  armed  with  the  rifle.  Its  ultimate  form  may  be  still 
an  undecided  question,  but  there  is  no  apparent  possibility  that  the 
smooth  bore,  although  still  extensively  used  in  foreign  armies,  will 
ever  again  be  placed  in  the  hands  of  a  British  soldier.  In  the  third, 
namely,  the  substitution  of  breech-loading  systems  for  muzzle-loading 
in  sporting  and  military  arms,  the  revolution  is  far  from  complete  ; 
and  although  breech-loading  has  made  great  progress  in  many 
directions,  as  for  instance  in  shot  guns  for  home  use,  and  in  car¬ 
bines  for  cavalry,  yet  it  cannot  by  any  means  be  said  that  it  either 
has  or  is  likely  soon .  to  altogether  supersede  muzzle-loading,  even 
in  sporting  arms. 

If  we  compare  the- progress  made  in  the  manufacture  of  small 
arms  by  British  exhibitors  with  that  of  their  foreign  rivals  in  this 
branch  of  industry,  another  consideration  is  at  once  forced  on  our 
notice,  which  is  important  as  demonstrating  the  value  to  the  country 
of  Exhibitions  like  the  present  in  stimulating  invention,  and  gene¬ 
rally  in  accelerating  the  progress  of  science  as  applied  to  manufac¬ 
tures.  In  1851  an  examination  of  small  arms  contributed  by 
British  manufacturers  unmistakably  revealed  the  fact  that  no  change 
of  importance  in  their  form  or  construction — no  invention  of  note 
— had  been  introduced  during  a  period  of  thirty  years,  since  the 
date  of  the  final  establishment  of  the  detonating  system  instead  of 
the  flint.  There  was  not  a  single  breech-loading  gun  in  the  whole 
collection  ;  and  no  proposal  for  breech-loading  would  be  entertained 
by  the  leading  manufacturers.  There  was  not  a  military  rifle  worthy 
of  the  name,  and  military  men  ridiculed  the  idea  whenever  sug¬ 
gested  of  arming  troops  with  a  rifle.  The  state  of  knowledge  on 
the  subject  may  be  inferred  from  the  fact  that  the  two-grooved 
Brunswick  rifle  then  used  by  one  of  our  regiments,  was  held  up  by 
those  who  led  public  opinion  as  the  most  perfect  form  of  rifle  which 


had  ever  been  invented.  Again,  with  respect  to  revolving  pistols, 
the  only  type  exhibited  was  that  with  multiple  barrels,  and  there 
was  not  a  single  chamber  revolver  in  the  collection.  What  makes 
the  state  of  knowledge  in  England  in  1851  more  remarkable,  is  the 
fact  that  for  some  years  previously  neighbouring  nations  had  been 
as  busy  in  invention  as  we  had  been  supine.  The  chamber  revolver 
had  already  reached  in  America  the  identical  form  which,  without 
improvement  or  change,  it  holds  to  the  present  day,  and  all  the  obsta¬ 
cles  which  had  hindered  its  success  for  two  hundred  years  had  been 
completely  removed.  The  French  military  rifle  had  already  passed 
through  its  various  stages  of  development,  and  achieved  the  results 
whose  publication  startled  all  England  from  inactivity,  and  ended 
in  completely  revolutionizing  in  two  years  our  military  weapons.  1 
The  inventions  of  Lefaucheux,  Beringer,  and  others  had  already 
occupied  public  attention  iu  France  for  many  years,  and  their  suc¬ 
cessful  application  of  breech-loading  to  sporting  arms  was  on  the 
Continent  an  accomplished  fact.  During  all  this  rapid  progress 
abroad  England  remained  inactive,  and  the  few  who  devoted  their 
energies  to  experiment  in  such  directions  were  treated  as  visionaries. 

An  examination  of  the  present  Exhibition  reveals  a  singular  change 
in  all  these  respects,  and  true  progress  runs  more  danger  now 
of  being  impeded  by  the  hasty  zeal  of  innovators  than  by  incre¬ 
dulity  or  neglect.  In  fact  it  is  in  the  English  department  that 
we  must  look  in  the  year  1802  for  the  most  advanced  ideas  in 
breech-loading,  and  the  most  perfect  military  rifle  ;  and  the  progress 
of  British  exhibitors  in  all  branches  of  the  manufacture  is  much  more 
marked  than  that  of  their  foreign  competitors. 

Before  proceeding  to  examine  the  varieties  of  construction  and 
the  fertility  of  invention  evidenced  in  the  numerous  systems  and 
modifications  of  systems  represented  in  the  Exhibition,  it  will  be 
well  to  look  at  the  manufacture  of  firearms  more  in  its  commercial 
aspect.  In  the  great  centres  of  this  industry— Birmingham,  Liege, 
and  St.  Etienne — the  extreme  subdivision  of  labour  has  been  always 
the  course  pursued  to  lower  the  cost  of  production.  In  Liege 
especially  this  course  is  followed  to  its  furthest  limit,  and  most  success¬ 
fully,  in  the  manufacture  of  trade  guns  at  a  low  price.  The  indus¬ 
trious  population  which  inhabits  the  villages  and  populous  country 
surrounding  Liege  for  many  miles,  is  all  engaged  in  isolated  branches 
of  the  trade.  In  one  village  every  man  is  a  lock-filer ;  in  another 
all  are  engaged  filing  mounting ;  and  these  villages  being  favour¬ 
ably  situated  in  a  fertile  country,  the  artisans  can  easily  obtain  the 
vegetables  which  form  the  principal  part  of  their  diet.  This  simpli¬ 
city  of  life,  aided  by  the  plodding  industry  which  belongs  to  their  i 
character,  has  enabled  the  Liegois  to  produce  trade  guns  at  a  lower 
price  than  the  Birmingham  makers ;  and  of  late  years,  since  the 
intercourse  between  the  two  countries  has  become  greater,  they 
have  copied  not  unsuccessfully  the  substantial  models  of  English 
guns,  and  adopted  their  improvements.  The  English  workmen 
possess  one  advantage  over  the  Liegois  in  the  superiority  of  their 
tools,  and  they  are  now  becoming  alive  to  the  necessity  of  calling 
in  to  their  aid  the  superior  resources  of  this  country  in  machinery 
to  enable  them  to  compete  with  their  foreign  rivals.  In  the  mate¬ 
rials  employed  the  balance  of  advantage  is  rather  in  favour  of  the 
Belgian  and  French  manufacturers ;  for  whatever  may  be  said  of  the 
steel  it  is  an  undoubted  fact  that  in  iron  and  wood  suited  for  gun 
work,  we  are  not  in  as  good  a  position  as  they  are.  Walnut,  which 
is  now  almost  universally  used  for  gun  stocks,  is  a  scarce  timber  in 
England,  and  for  years  we  have  been  obliged  to  seek  our  supplies 
abroad.  Daly  has  exported  the  greater  portion  of  the  wood  used  in 
our  Government  arms  for  some  time,  and  large  numbers  of  French 
and  other  Continental  gun  stocks  are  also  sent  into  this  country. 
That  this  should  be  so  is  easily  understood  ;  but  that  we  should  be 
inferior  in  the  preparation  of  iron  for  gun  barrels,  and  in  skill  in 
forging  them,  reveals  an  unsoundness  in  one  branch  of  our  gun 
manufacture  which  ought  not  to  exist.  We  do  not  now  allude  to  j 
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the  barrels  of  military  guns,  which,  owing  to  the  exertions  of  one 
iron  master  in  Wednesbury  in  producing  a  suitable  iron,  and  to  the 
successful  application  of  machinery  to  the  whole  process  of  manu¬ 
facture,  is  in  a  sufficiently  satisfactory  state—- and,  indeed,  our  system 
has  been  adopted  in  its  entirety  by  the  Liegois  and  others — but  to 
the  manufacture  of  twisted  gun  barrels  either  as  used  in  trade  guns 
or  in  high-priced  arms.  In  this  branch  a  very  short  inspection  of 
the  specimens  exhibited  suffices  to  convince  us,  that  the  barrel 
forgers  of  Birmingham  and  the  iron  masters  of  Wednesbury  who 
supply  their  rod-iron,  have  a  great  deal  to  learn  in  many  respects. 
In  the  first  rank  for  the  beauty  both  of  forging  and  subsequent 
manipulation  come  the  productions  of  the  Parisian  forges ;  and  fore¬ 
most  among  them  the  contribution  of  M.  Leopold  Bernard  (1337). 
Most  of  the  specimens  which  he  exhibits  are  of  that  particular 
descriptic  i  of  Damascus  which  was  invented  by  him,  and  bears  his 
Dame.  “  Damas  ”  Bernard  designates  a  method  of  forging  in  which 
a  large  number  of  square  rods  alternately  of  iron  and  steel  are  welded 
together  in  such  a  manner  that  the  cross  section  of  the  “  bloom  ” 

presents  the  appearance 
of  a  chess-board  (Fig.  610). 
The  mass  is  then  reduced 
into  rods  of  the  requisite 
size,  and  a  number  of  them 
having  been  first  twisted 
singly  like  the  strands  of 
a  rope,  are  welded  side 
by  side  into  a  strap,  of 
which  the  gun  barrel  is  forged  according  to  the  ordinary  method 
employed  in  making  twisted  barrels. 

A  noticeable  feature  in  M.  Bernard’s  contribution  is  his  system 
of  shaping  gun  barrels  by  machinery.  Specimens  are  exhibited  of 
the  light  tubes  used  for  double  fowling-pieces  in  which  the  rough 
material  is  removed  and  the  peculiar  curvilinear  surface  is  produced 
by  longitudinal  planing,  the  cutter  being  guided  so  as  to  describe 
the  requisite  curve,  while  the  barrel  revolves  on  its  axis  to  present 
the  successive  portions  of  its  surface  to  the  tool.  The  difficulties 
which  this  process  involves  of  rendering  a  thin  tube  sufficiently 
rigid  to  avoid  vibration  in  the  cut,  have  apparently  been  very  suc¬ 
cessfully  combated  by  M.  Bernard.  In  the  British  department 
Messrs.  W.  &  J.  Rigby  of  Dublin  exhibit  steel  rifle-barrels  of 
octagonal  section,  which  are  also  planed  to  a  curvilinear  form  by 
a  process  somewhat  similar,  we  suppose,  to  that  employed  by  M. 
Bernard.  In  tins  case,  however,  the  hardness  of  the  material  pre¬ 
cludes  the  ordinary  method  of  grinding  and  filing,  and  the  octagonal 
form  excludes  the  use  of  the  lathe,  so  that  no  doubt  can  exist  as 
to  the  value  of  the  improvement  in  this  instance ;  but  we  have 
yet  to  learn  that,  as  applied  to  round  barrels  by  M.  Bernard,  the 
method  presents  any  advantage  over  tire  usual  one  of  removing 
the  rough  material  by  grinding,  and  finishing  with  the  lathe.  In 
fact  we  have  no  doubt  that,  commercially  speaking,  the  English 
system  is  the  best. 

M.  A.  Bernard  (1324)  and  M.  Gastinne  Rennette  (1335)  of  Paris 
also  exhibit  very  beautiful  specimens  of  gun-barrel  forging,  in  the 
same  style  of  work.  Five  of  the  ma'itres-canoniers  of  St.  Etienne 
(Loire),  fill  one  case  in  the  French  collection  with  samples  of  their 
skill,  and  the  variety  and  beauty  of  the  figures  produced  by  different 
!  methods  of  disposing  the  alternate  iron  and  steel  is  most  admirable, 

1  and  displays  great  skill  in  welding.  The  joint-exhibitors  of  this 
collection  are  (1308)  Javelle,  Magaud,  &  Sons,  (1309)  Ronchard- 
Si'auve,  (1310)  Didier  Drevet,  (1311)  J.  Blanchon,  and  (1312) 
Javelle  Michel.  The  remarks  we  have  made  on  the  skill  of  the 
French  gun-barrel  welders  apply  equally  to  those  of  Liege;  and  if 
the  forgers  of  Paris  and  St.  Etienne  have  displayed  more  ingenuity 
in  inventing  novel  combinations  in  the  disposition  of  the  iron  and 
steel,  those  of  Liege  have  ever  been  quick  to  reproduce  them  at 


a  lower  cost.  It  is  in  fact  quite  impossible  to  detect  the  difference 
between  some  Bernard  barrels  manufactured  at  Liege  and  the  work 
sent  out  from  the  Paris  house ;  and  the  Belgian  barrels  are  consider¬ 
ably  lower  in  price.  This  remark  applies,  however,  only  to  the 
appearance,  and  more  particularly  to  the  outside  appearance,  for 
the  Liege  barrels  are  liable  to  a  fault,  which  is  in  truth  the  great 
defect  of  their  system  of  welding,  namely,  the  existence  of  small 
scales  in  the  bore  at  certain  parts  under  which  oxidization  com¬ 
mences  ;  and  thus  after  a  period  of  use  the  under  surface  rapidly 
deteriorates.  The  source  of  this  defect  is  the  “  chemise  ”  or  lining 
of  common  iron  which  all  the  continental  welders  use  to  economize 
the  expensive  Damascus  iron,  of  which  alone  the  finished  tube 
should  consist.  The  intention  is,  at  least  in  barrels  of  better  quality, 
that  the  whole  of  this  lining  should  be  removed  in  boring;  but  such 
is  seldom  the  case  in  barrels  made  at  Liege,  and  consequently  a  thin 
layer  of  the  “  chemise  ”  remains  at  the  breech  end,  while  it  is  wholly 
bored  out  at  the  muzzle,  and  there  intervenes  a  part  of  the  boro 
where  it  crops  out  and  produces  the  effect  described.  This  failing 
has  alone  prevented  the  extensive  adoption  of  foreign  tubes  in 
English  guns.  There  is  no  contributor  of  gun-barrels  only  in  the 
Belgian  collection,  but  A.  de  Lezaack  (327),  P.  J.  Malherbe  &  Com¬ 
pany  (341),  and  N.  Simonis  &  Company  (343),  exhibit  a  few  samples 
with  their  guns. 

The  manufacture  of  gun  barrels  as  a  distinct  branch  is  very 
inefficiently  represented  in  the  British  department.  The  Royal 
Small  Arms  Factory  at  Enfield  do  indeed  very  fully  illustrate  with 
a  well-arranged  collection  of  examples  the  different  stages  in  the 
production  of  a  military  barrel;  but  the  barrel-makers  of  Birmingham, 
in  whose  forges  are  welded  almost  all  the  tubes  used  in  the  United 
Kingdom,  have  not  a  single  representative  who  can  pretend  to 
dispute  the  palm  with  the  French  makers.  Moore  &  Harris  (2570) 
exhibit  specimens  of  iron  and  forged  barrels  in  imitation  of  the 
French  Damascus,  but  they  are  not  at  all  equal  to  the  original. 
In  small  bore  rifle  barrels,  however,  very  beautiful  specimens  are 
exhibited  by  the  Whitworth  Rifle  Company  (2612)  in  their  rifles, 
and  by  W.  &  J.  Rigby,  Dublin  (2585)  in  the  machined  state. 
These  barrels  are  drilled  out  of  solid  bars  of  a  peculiar  kind  of 
steel,  expressly  manufactured  for  this  purpose,  and  styled  homo¬ 
geneous  iron.  Those  of  the  Whitworth  Rifle  Company  are  turned 
in  a  self-acting  lathe  to  the  required  taper,  and  are  not  of  curvili¬ 
near  form  externally.  Messrs.  Rigby  employ  a  different  process, 
the  finished  barrel  having  an  octagonal  section  produced  by  planing 
longitudinally,  the  machine  being  also  so  arranged  as  to  give  a 
curved  surface,  and  so  leave  more  metal  at  the  breech  with  equal 
weight. 

The  other  branches  which  demand  attention  in  considering  the 
manufacture  of  guns  from  a  general  point  of  view,  are  the  filing, 
fitting,  and  tempering  the  locks  and  other  moving  parts  of  the  gun 
— such  as  the  trigger,  and  the  movements  of  the  different  breech¬ 
loading  systems — the  cutting  and  fitting  the  stocks,  and  the  final 
polishing  and  finishing  and  ornamenting  the  different  parts.  In 
lock  filing  it  is  conceded  that  the  English  workmen  are  unrivalled, 
and  the  present  Exhibition  fully  confirms  that  judgment.  It  is  true 
that  English  locks  of  superior  quality  are  very  high  in  price,  but  it 
is  precisely  in  the  high-priced  locks  that  their  superiority  is  most 
marked.  The  work  exhibited  by  J.  Brazier,  Wolverhampton  (2515), 
and  by  James  Grainger,  Birmingham  (2542),  is  unrivalled  for 
accuracy  of  fitting,  perfection  of  finish,  and  for  the  beautiful  temper 
of  the  springs  and  moving  parts.  There  are  no  locks  in  the  French 
or  Belgian  Courts  which  can  be  compared  to  these. 

Of  breech-loading  movements  in  the  filed  state  there  are  several 
exhibitors,  E.  C.  Hodges,  London  (2548),  Brazier  (2515),  W.  C. 
Scott  &  Sons  (2589),  and  others.  The  workmanship  of  the  first- 
named  appears  to  us  especially  worthy  of  praise.  In  this  par¬ 
ticular  department,  owing  to  the  priority  of  invention  of  the 
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Lefaucheux  system,  having  given  them  a  larger  experience,  the 
French  and  Belgian  artisans  produce  excellent  work  at  a  very  low 
price  ;  but  it  is  evident  that  the  progress  of  the  English  makers  is 
rapid,  and  as  the  most  suitable  tools  are  gradually  discovered  and 
applied,  they  must  ultimately  outstrip  those  who  depend  more  upon 
hand  work  and  low  wages  for  sustaining  competition. 

In  the  important  branch  of  stocking,  &c.,  combining  as  it  does 
the  most  skilful  manipulation  with  the  judgment  requisite  to  produce 
a  properly  formed  and  proportioned  gun,  a  comparison  is  rather 
in  favour  of  the  English  workman,  and  this  too  in  an  unexpected 
manner ;  for  whereas  in  the  merely  mechanical  part  of  the  work, 
the  close  fitting  and  clean  cutting  of  the  wood,  he  is  fully  equalled 
by  the  French  stocker,  yet  in  the  appreciation  of  elegance  of  form 
and  perfect  adaptation  of  proportion  the  latter  is  decidedly  inferior. 
We  do  not  include  in  this  observation  those  cases  where  the  form 
and  ornamentation  of  the  gun  is  made  a  primary  object,  as  in  those 
highly  chased  and  carved  guns  for  which  Paris  is  justly  famous ; 
but  an  examination  of  any  gun  exhibited  by  a  first-class  English 
maker  with  those  made  in  Paris  in  imitation  of  our  models,  will  at 
once  demonstrate  the  truth  of  our  remark.  There  is  another 
direction  in  which  good  progress  has  been  made  in  this  country, 
and  it  has  proved  that  Government  interference  is  not  always 
productive  of  injury  to  a  manufacture.  At  the  Exhibition  of  1851 
there  were  exhibited  by  the  United  States  Government  specimens 
of  military  arms  made  by  machinery.  Since  then  the  Enfield 
establishment  has  been  expanded  into  a  first-class  manufactory  in 
which  our  Government  have,  though  at  an  enormous  cost,  fully 
demonstrated  that  machinery  is  preferable  to  hand  work  in  produc¬ 
ing  military  guns.  The  knowledge  so  gained  is  bearing  fruit.  The 
London  Company  Armoury  exhibit  most  admirable  workmanship 
in  stocking,  &c.,  by  machinery.  The  accuracy  and  finish  of  the 
gun  stocks  far  surpass  any  hand  work,  and  Messrs.  Greenwood  & 
Battley  (1610)  have  in  their  collection  of  machines  one  for  letting 
in  the  locks  of  military  guns,  which  is  well  worthy  of  inspection. 
In  thus,  although  tardily,  applying  machinery  to  the  production  of 
military  arms,  it  is  evident  that  our  manufacturers  are  moving  in 
the  right  direction,  indeed  in  the  only  direction  in  which  they  have 
a  fair  prospect  of  being  enabled  to  compete  successfully  in  the 
foreign  market  with  the  cheap  labour  of  Belgium. 

The  processes  of  polishing,  case-hardening,  browning  barrels,  and 
bluing,  &c.,  present  no  features  particularly  worthy  of  remark.  The 
English  excel  in  case-hardening,  the  object  being  to  preserve  the 
smoothness  of  the  surface,  and  produce  a  bright  and  pleasing  colour. 
In  the  French  work,  a  sober  grey  shade  is  preferred,  the  bright 
tints  being  removed  by  an  application  of  acid.  This  uniform  colour 
is  more  suitable  to  the  elaborate  and  fanciful  designs  engraved  or 
chased  on  the  iron  work  of  foreign  guns. 

It  is  in  the  production  of  highly  ornamented  firearms  that  the 
French  gunmakers  show  the  most  marked  superiority  over  all  com¬ 
petitors.  The  Parisian  makers  have  carried  their  emulation  on 
this  point  so  far,  that  they  have  established  a  peculiar  manufacture 
which  is  nowhere  else  attempted.  Their  “  fusils  de  luxe”  are  no  longer 
arms,  properly  so  called,  but  works  of  art  .;  the  form  of  a  gun  being 
used  as  a  pretext  for  the  most  lavish  display  of  the  art  of  the  sculp¬ 
tor,  engraver,  wood-carver,  and  inlayer  in  gems  and  precious  metals. 
When  examining  one  of  these  chef  d’ccuvres  of  art,  we  are  struck 
with  the  ingenuity  which  has  adapted  designs,  often  bizarre  and 
incongruous,  to  the  uses  of  a  cock,  guard,  or  heelplate,  and  are 
almost  inclined  to  feel  regret  that  the  artist  was  trammeled  in  his 
conception  by  an  attempt  to  conform  the  outline  of  his  group  to  the 
conventional  limits  of  these  parts.  In  enumerating  the  exhibitors 
of  ornamented  guns,  we  may  pass  over  the  British  section  almost 
without  a  word.  It  is  true  that  the  engraving  in  many  cases  is 
very  well  and  tastefully  executed,  but  the  designs  are  conventional 
for  the  most  part,  and  no  attempt  is  made  to  depart  from  the  beaten 


track.  Of  those  whose  work  displays  the  best  executed  engraving 
we  may  mention  R.  Adams  (2506),  Gibbs  (2539),  Lancaster  (2557), 
W.  &  J.  Rigby  (2585),  and  a  few  others.  W.  &  J.  Rigby  (2585) 
exhibit  a  rifle,  the  silver  furniture  of  which  wrought  in  original 
designs,  represents  the  giraffe,  elephant,  &c.  These  and  some 
elaborately  gilt  pistols  complete  the  catalogue  of  ornamented  small 
arms  in  the  British  section. 

An  adequate  notice  of  the  various  specimens  of  artistic  firearms 
in  the  French  court  would  far  exceed  the  limits  of  this  article,  and 
would  indeed  come  more  properly  under  the  department  of  fine 
arts.  We  can  but  enumerate  the  most  remarkable — Brun  (1303), 
exquisite  pair  of  pistols  in  carved  box,  barrels  elaborately  chased 
with  a  gilt  ground ;  Gerinckx  (1325),  guns  and  pistols ;  Marquis 
(1326),  a  double  gun  ornamented  with  medallion  in  stock,  and 
inlaying  in  excellent  taste  ;  L.  Perrin  (1327),  double  gun  elabo¬ 
rately  chased  ;  Lepage  Moutier  (1339),  highly  ornamented  Lefau- 
cheux  double  gun,  with  boar  hunt  on  the  lockplates,  and  pistols; 
Devisme  (1338),  guns  with  chased  furniture.  A  pair  of  pistols, 
with  designs  representing  Crusaders  and  Saracens,  the  cock  wrought 
into  a  design  representing  a  Crusader  casting  a  Saracen  head  fore¬ 
most  against  the  nipple  ;  battle-piece  on  the  lockplate  ;  knights  on 
horseback,  as  at  a  tournament,  surround  the  termination  of  the 
handle  of  stock.  These  designs  are  very  spirited  and  well  executed. 
Claudin  (1336),  a  double  gun  with  chased  furniture  and  carved 
stock  ;  the  butt  is  perforated  by  the  carving  in  an  involved  design 
representing  dragon,  serpent,  &c.  Gastinnc  Rennette  (1335),  double 
gun  richly  gilt  and  ornamented ;  pistols  exquisitely  carved. 

In  the  Belgian  collection  some  very  good  specimens  of  highly 
ornamented  arms  are  exhibited,  but  it  is  evident  that  the  artist  has 
in  every  case  derived  his  inspiration  from  French  models.  Bayet 
Freres  (323)  exhibit  some  very  handsome  guns,  and  a  Lefaucheux 
revolver  richly  carved  and  inlaid.  A.  de  Lezaack  (327),  a  Flobert 
carbine,  in  which  the  carved  ebony  stock  is  worthy  of  notice  ;  also, 
pistols  finely  chased  in  the  French  style.  Bernimolin  Freres  (324), 
ornamented  pistols.  Masu  Freres  (342),  Lefaucheux  double  gun. 
We  have  so  far  only  mentioned  in  detail  the  contributions  of  Eng¬ 
land,  France,  and  Belgium.  It  is  true  that  highly  ornamented  fire¬ 
arms  are  to  be  found  in  other  collections,  in  the  Turkish  and  Indian, 
for  instance  ;  but  the  style  adopted  is  so  well  known,  and  so  purely 
conventional,  that  it  presents  no  feature  particularly  noticeable,  and 
we  prefer  passing  to  more  important  matters. 

Having  now  reviewed  the  various  processes  connected  with  the 
manufacture  of  firearms,  we  will  proceed  to  examine  the  varieties 
of  construction  which  are  so  numerously  illustrated  in  the  Exhibi¬ 
tion  ;  and  in  order  to  avoid  the  confusion  which  their  multiplicity 
is  calculated  to  produce,  we  will  endeavour  to  classify  the  leading 
ideas  involved  in  the  different  systems  exhibited. 

With  this  end  in  view,  we  will  direct  attention,  first,  to  the 
various  methods  of  depositing  the  charge  in  the  gun,  and  of  igniting 
it ;  and,  secondly,  to  the  modes  in  which  the  motive  force  so  obtained 
is  applied,  and  to  the  effect  produced. 

Firstly,  then,  as  to  depositing  the  charge  in  the  barrel.  It  is 
obvious  that,  as  a  gun  barrel  may  be  defined  as  a  tube  closed  at  one 
end,  the  simplest  construction  is  that  in  which,  the  breech-piece 
being  fixed,  the  charge  is  introduced  at  the  muzzle,  and  is  ignited 
by  a  stream  of  flame,  produced  externally  by  detonation,  and  driven 
through  a  small  aperture  into  the  interior.  But  it  must  not  be 
lost  sight  of  that  in  this  method  a  certain  though  small  escape  of 
gas  is  ine1  itable,  because  the  aperture  through  which  the  flame  is 
introduced  becomes,  when  the  charge  is  ignited,  an  aperture  through 
which  a  portion  of  it  escapes.  It  is,  therefore,  erroneous  to  suppose 
that  escape  of  gas  is  an  evil  inherent  to  breech-loaders  only,  the 
fact  being  that  some  muzzle-loaders,  the  common  Enfield  rifle  for 
instance,  permit  a  greater  loss  of  power  from  this  source  than  many 
breech-loaders. 
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Although  the  method  of  introducing  the  charge  through  the 
muzzle  recommends  itself  by  simplicity  and  strength  of  construc¬ 
tion,  still  many  and  important  reasons  have  caused  experimentalists 
from  the  earliest  invention  of  firearms,  to  attempt  some  arrange¬ 
ment  which  would  permit  the  opposite  course,  namely,  the  rapid 
removal  of  the  breech  and  introduction  of  the  charge  through 
the  opening  so  made,  and  its  effective  closure.  Many  obstacles 
combine  to  render  this  difficult :  the  force  which  we  can  apply  is 
small;  the  time  necessarily  short ;  the  forces  operating  during  the 
explosion  to  displace  the  breech  very  great ;  the  expansion  of  the 
metal  by  the  heat  evolved  in  firing  is  considerable ;  the  passage  of  a 
jet  of  flame  (no  matter  how  minute)  through  the  joint  is  most 
destructive,  as  the  effect  is  that  of  a  blow-pipe  flame  of 
great  intensity ;  the  hard  deposit  left  after  the  explosion  of  the 
charge  impedes  and  deranges  the  mechanism,  andother  causes 
might  be  added  which  combine  to  render  breech-loading  a 
problem  of  no  little  difficulty.  Two  distinct  systems  have 
been  pursued  in  modern  efforts  (and  it  must  be  remembered  that 
successful  breech-loading  does  not  date  back  more  than  twenty  years, 
although  experiments  extend  over  centuries),  namely,  one  in 
which  the  joint  of  the  breech  and  barrels  is  rendered  so  close  by 
some  arrangement  of  the  parts  as  to  prevent  the  passage  of  the 
imprisoned  gases,  and  another  in  which  a  separate  case  or  cartridge 
which  contains  the  charge  is  used,  and  by  its  expansion  at  the 
moment  of  ignition,  intercepts  effectively  the  escape  of  the  gas 
through  the  joint.  The  latter  method  has  been  most  successfully 
developed  by  the  French;  the  former  by  the  English,  in  arms 
designed  for  military  purposes.  As  the  French  or  expanding  cart¬ 
ridge  system  is  most  largely  represented  in  the  Exhibition,  we  will 
notice  it  first. 

This  type  of  breech-loader  includes  the  following :  — 

1.  Guns  constructed  for  the  use  of  the  Lefaucheux  cartridge. 

2.  Guns  with  central  fire  cartridge,  which  resemble  the  Lefau¬ 

cheux  cartridge,  except  in  the  disposition  of  the  cap. 

8.  Needle  guns. 

4.  Guns  on  Flobert’s  system,  in  which  there  is  no  cap,  but  the 
detonating  powder  is  placed  in  the  rim  of  a  metallic 
cartridge. 

1.  THE  LEFAUCHEUX  SYSTEM. — This  system  appears  by  the 
present  Exhibition  to  be  far  more  generally  adopted  for  sporting 
arms  than  any  other.  It  did  not  come  into  favour  in  this  country 
until  about  1857,  although  exhibited  in  1851,  and  invented  and 
largely  used  in  France  many  years  before.  Since  then,  but  espe¬ 
cially  within  the  last  three  or  four  years,  it  has  occupied  much  of 
the  attention  of  English  makers,  and  several  improvements  of  con¬ 
struction  have  been  effected.  Specimens  of  the  ordinary  model  of 
these  guns  are  exhibited  by  many  English  makers,  viz. : — Baker 
(2510),  Ebrall  (2532),  Fairman  (2533),  Gibbs  (2539), Holland  (2549), 
Lang  (2558),  Moore  &  Harriss  (2570),  Pape  (2574),  Mortimer  & 
Son  (2571),  Parsons  (2576),  Paton  (2578),  Potter  (2579),  Reilly 
(2583),  Scott  &  Sons  (2589),  Smith  (2605),  Sylven  (2606),  Trulock 
&  Plarriss  (2608),  Wilkinson  &  Son  (2613),  Woodward  (2615).  In 
the  French  and  Belgian  departments  Lefaucheux  guns  are  to  be 
found  in  the  cases  of  most  exhibitors,  the  chief  difference  between 
the  English  and  foreign  model  being  in  the  shape  of  the  lever,  and 
the  substitution  of  wood  for  iron  in  the  fore-end  of  the  stock.  R. 
Adams  (2508),  Westly  Richards  (2586),  Dougall  (2529),  Bentley 
&  Playfair  (2513),  are  exhibitors  of  patent  guns,  which  deserve  notice 
in  detail. 

ADAMS’  PATENT.- — In  this  gun  (Fig.  611)  the  method  of  attaching 
the  barrels  (Fig.  612)  to  the  breech-piece  (Fig.  613)  is  novel.  The 
latter,  in  place  of  extending  under  the  barrel  to  the  full  width  of  the 
gun  at  that  part,  as  is  usual  in  Lefaucheux  guns,  is  narrow  enough 
to  permit  the  wood  to  be  continued  around  it  as  far  forward  as  the 


joint  on  which  the  barrels  turn.  At  its  foremost  end  is  the  hinge- 
pin,  which  receives  the  hook  or  half-hinge  brazed  to  the  barrels. 
Further  back  a  square  recess  is  formed,  and  the  barrels  carry  a 
strong  square  stud,  which,  when  the  breech  is  closed,  drops  into 
it,  and  so  forms  a  stop  which  prevents  the  recoil  from  straining 
the  joint.  Behind  this,  and  close  to  the  joint  of  the  breech,  a 
steel  T-piece  is  attached  to  the  barrels,  which  also  drops  into  a 
recess  in  the  breech-piece.  Underneath  this,  and  in  the  centre 
of  the  breech-piece,  a  lever  (Fig.  614)  is  hung  on  a  cross  pin,  the 


Fig.  612. 


Details  of  Adams’  Breech-Loader. 


longer  end  of  which  projects  downward,  and  is  bent  to  lie  round  the 
trigger  guard.  The  other  eDd  is  worked  into  a  claw,  which,  describ¬ 
ing  the  segment  of  a  circle,  engages  on  the  cross  of  the  T-piece,  and 
so  prevents  the  breech  ends  of  the  barrels  from  rising  during  the 
explosion. 

This  arrangement  appears  to  us  superior  to  the  ordinary  one  in 
which  the  recoil  is  taken  on  the  joint-pin.  The  points  of  attach¬ 
ment  of  the  barrels  and  breech-piece  being  further  apart,  permit  less 
of  that  instantaneous  displacement  which  is  an  evil  in  Lefaucheux 
guns,  and  causes  the  muzzles  to  droop  when  fired.  The  whole 
mechanism  is  light  and  strong,  and  by  permitting  the  breech-piece 
to  be  reduced  in  width,  and  the  wood  to  replace  the  iron,  a  form  of 
gun  is  attained  more  pleasing  to  the  eye  and  to  the  hand,  particu¬ 
larly  in  cold  weather,  when  the  contact  of  iron  is  undesirable.  Be¬ 
fore  concluding  our  notice  of  this  gun,  we  cannot  too  highly  commend 
the  admirable  workmanship  and  finish  displayed  in  its  manufacture. 

W.  RICHARDS’  PATENT. — The  chief  object  proposed  by  inven¬ 
tors  of  modifications  of  the  Lefaucheux  gun,  is  to  render  the  con¬ 
nection  of  the  barrel  and  stock  more  rigid.  In  the  gun  now  under 
notice  this  is  sought  to  be  attained  by  removing  the  lever  to  the  top 
of  the  handle  of  the  gun  between  the  cocks,  and  making  it  lock  into 
a  bar  which  extends  backward  from  the  breech  between  the  two 
barrels.  The  effect  is  to  remove  the  two  points  of  grasp  further 
apart,  and  in  that  respect  there  is  an  advantage  in  diminishing  the 
instantaneous  displacement  already  alluded  to ;  but  the  position  of 
the  lever  is  inconvenient,  and  it  is  necessarily  much  shorter  and  less 
powerful  than  the  ordinary  lever,  so  that  what  may  be  gained  by  its 
being  applied  further  from  the  centre  is  lost  in  the  smaller  amount  of 
force  which  can  be  brought  to  bear  upon  it. 

DOUGALL’S  PATENT  (2529). — In  this  gun,  styled  by  the  inventor 
the  “  lockfast,”  the  barrels  are  secured  to  the  breecli-piece  and  dis¬ 
engaged  therefrom  by  the  action  of  an  eccentric.  The  end  of  the 
hinge-pin  on  which  the  barrels  turn  is  made  to  project  at  the  right 
side  of  the  gun,  and  a  short  lever  is  attached  to  it,  by  means  of  which 
the  joint-pin  can  be  turned  round  through  a  portion  of  a  circle.  That 
part  of  the  joint-pin  on  which  the  solid  piece  attached  to  the  barrels 
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works  is  made  eccentric,  so  that  the  revolution  of  the  pin  causes  the 
barrels  to  advance  to  and  recede  from  the  breech-piece.  To  the 
face  of  the  breech- piece  discs  are  attached,  which,  when  the  barrels 

are  brought  home  by  the 
eccentric,  enter  them,  and 
so  prevent  the  breech 
end  from  rising  or  moving 
from  its  place.  As  ad¬ 
ditional  security  a  steel 
stud  is  placed  so  as  to 
enter  a  hole  in  the  solid 
Dongali's  Patent  "Lockfast.”  piece,  and  aid  in  prevent¬ 
ing  any  movement  of  the  barrels.  In  Fig.  615  the  breech-piece 
and  solid  piece  are  represented  in  section. 

This  construction  has  the  merit  of  great  simplicity.  The  joint- 
pin,  with  its  eccentric  and  lever,  constitute  the  whole  of  the  moving 
parts.  The  attachment  of  the  barrels  and  breech-piece  is  strong, 
and  the  construction  seems  capable  of  being  produced  at  a  lower 
price  than  even  the  ordinary  Lefaucheux  action.  On  the  other 
hand,  the  opening  and  closing  of  the  breech  is  not  so  rapidly  per¬ 
formed  as  in  the  ordinary  action  or  in  Adams’,  where  the  act  of 
closing  the  barrels  partially  replaces  the  lever.  The  lever  also 
appears  to  us  too  short  and  inconveniently  placed  for  the  exercise 
of  that  degree  of  force  which  is  sometimes  called  for,  as,  for  instance, 
in  the  case  of  a  slight  deposit  of  fouling  on  the  joints.  The  patentee 
estimates  the  locking  power  at  1000  lbs. ;  but  as  the  thumb,  which 
is  alone  used  in  closing  the  lever,  cannot  conveniently  exercise  a 
pressure  of  more  than  20  lbs.,  the  leverage  which  multiplies  this 
fifty  times  must  do  so  at  the  expense  of  considerable  loss  in  rapi¬ 
dity  of  action. 

Bentley  &  Playfair  (2513)  exhibit  a  gun  marked  Erskine’s  patent, 
which  seems  to  possess  considerable  merit.  It  is,  however,  so  clearly 
identical  in  the  main  points  of  construction  with  Lancaster’s,  to  be 
hereafter  described,  that  we  cannot  see  how  it  can  be  the  subject  of 
a  distinct  patent.  The  barrels  of  this  gun  advance  to  and  recede 
from  the  face  of  the  breech-piece,  and  interlock  with  it.  The  hinge- 
pin  is  fixed,  and  the  solid  piece  has  a  slot  which  permits  it  to  play 
on  the  pin  sufficiently  to  admit  the  locking  and  disengaging  of  the 
barrels.  The  traversing  action  is  given  by  an  eccentric  disc  placed 
in  the  breech-piece  behind  the  joint-pin  and  acting  on  the  solid  piece. 
A  lever  extending  backward  over  the  guard  is  attached  to  this 
eccentric,  and  gives  it  the  requisite  motion. 

We  have  now  noticed  the  principal  novelties  in  Lefaucheux’s 
guns  in  the  British  department.  In  the  French  no  invention  of 
much  importance  in  this  direction  is  shown. 

Houillier  Blanchard  (1334)  has  a  gun  which  somewhat  resembles 
Adams’.  The  lever  has  a  similar  motion,  but  in  place  of  acting 
directly,  is  applied  to  move  a  sliding  bolt  which  enters  a  hole  in  a 
steel  piece  attached  to  the  barrels. 

Thomas  (1305)  exhibits  two  single  rifles  for  the  Lefaucheux  cart¬ 
ridge.  In  both  the  barrel  is  fixed,  and  so  mounted  that  the  cartridge 
can  be  introduced  into  the  chamber  in  a  line  with  the  bore.  In  one  the 
breech-piece  is  made  to  slide  up  and  down  from  below  through  a 
square  recess  immediately  in  the  rear  of  the  chamber.  It  is  drawn 
down  to  permit  the  introduction  of  the  cartridge,  and  pushed  up  to 
close  the  breech  by  means  of  a  screw  of  rapid  pitch  working  on  the 
under  strap  of  the  gun,  and  actuated  by  a  lever  which  also  serves 
as  a  trigger-guard.  In  the  other  the  breech-piece  is  a  plate  which 
turns  on  a  pin  at  the  left  side  of  the  gun,  and  drops  down  across  the 
end  of  the  chamber  after  the  insertion  of  the  cartridge. 

Caron  (1302)  exhibits  a  gun  in  which  the  barrel  slides  in  guides, 
and  a  fixed  breech  with  a  segmental  screw  is  used.  The  barrel  is 
drawn  back  after  inserting  the  cartridge,  and  a  quarter  revolution 
interlocks  the  screw. 

In  the  Belgian  department,  the  Lefaucheux  guns  arc  mostly  of 


the  ordinary  construction.  We  notice  one,  a  sliding  action  by 
Hubar  (334),  which  appears  more  solid  than  the  ordinary  sliding 
actions  known  as  Bastin’s  and  Gaye’s,  specimens  of  which  are  to  be 
found  in  both  the  English  and  Belgian  departments. 

2.  CENTRAL  FIRE  GUNS,  having  a  cartridge  of  same  materials  as 
the  Lefaucheux.  Those  most  worthy  of  notice  are  Lancaster’s 
(2557),  Daw  (2527),  Gastinne  Rennette  (1335),  Bernimolin  Freres 
(324),  and  Devisme  (1338).  Of  these,  the  first  two  are  of  French 
origin,  and  the  latter  are  evidently  but  slightly  modified  forms  of 
them.  The  cartridges  used  with  these  guns  differ  from  the  Lefau- 
cheux  in  having  no  projecting  pin  to  communicate  the  blow  of  the 
cock  to  the  cap.  In  Lancaster’s  cartridge  no  cap  is  used,  but  a  brass 
plate  is  fixed  in  the  bottom  of  the  cartridge,  between  which  and  the 
external  copper  capsule  which  covers  the  base,  a  small  quantity  of 
detonating  powder  is  placed.  The  cock  does  not  strike  this  directly, 
but  falls  on  a  steel  stud,  one  end  of  which  is  thereby  caused  to  pro¬ 
trude  from  the  breech-piece,  and  sufficiently  indent  the  copper  to 
cause  detonation.  In  the  other  central  fire  guns  already  enume¬ 
rated,  a  somewhat  different  cartridge  is  used.  A  cavity  is  made  in 
the  centre  of  the  base,  and  a  cap  is  introduced  from  the  outside.  A 
small  stud  or  “  tige”  is  so  placed  in  the  cartridge,  that  when  the  cap 
is  driven  inward  by  the  blow  of  the  striker  it  comes  in  contact  with 
the  priming,  and  so  ignites  the  charge.  This  plan  is  more  economical 
than  the  first,  as  the  cases  may  be  re-primed  ;  but  we  fear  a  slight 
escape  of  gas  round  the  cap  is  inevitable.  As  to  the  construction 
of  the  guns  with  which  these  cartridges  are  used,  Lancaster’s  has 
the  traversing  action  already  described  when  speaking  of  Bentley  & 
Playfair’s  gun.  Gastinne  Rennette’s  and  the  others  have  actions 
like  the  ordinary  Lefaucheux.  In  Daw’s  gun  the  barrels  are  held 
down  by  a  sliding  bolt,  which  enters  into  a  hole  in  the  solid  piece 
on  the  barrels,  and  is  pressed  forward  by  a  spring  in  such  a  manner 
that  when  the  barrels  are  shut  down  smartly  the  bolt  springs  in  and 
locks  them  without  further  manipulation.  The  absence  of  the  pro¬ 
jecting  pin,  by  means  of  which  the  exploded  cartridge  eases  are 
withdrawn  from  the  chambers  in  Lefaucheux  guns,  necessitates  in 
the  case  of  central  fire  cartridges  a  peculiar  mechanism  to  effect 
their  withdrawal.  This  mechanism  is  very  similar  in  all  the  plans 
enumerated.  A  portion  of  the  edge  of  the  chamber  at  the  joint  is 
removed,  and  its  place  supplied  by  a  segment  of  steel  attached  to  a 
strong  stud,  which  plays  in  a  hole  drilled  in  the  solid  iron  between 
the  barrels,  and  is  carried  as  far  forward  as  the  hinge  pin.  On  the 
hinge  a  steel  finger  is  fastened,  the  end  of  which  reaches  the  ex¬ 
tremity  of  the  stud,  and  when  the  barrels  revolve  round  the  hinge, 
has  the  effect  of  thrusting  backward  the  movable  portion  of  the 
chamber.  The  cartridge  is  made  with  a  projecting  rim  round  the 
base,  which  is  caught  by  the  movable  segment,  and  thus  made  to 
project  sufficiently  to  enable  the  shooters  to  catch  hold  of  and  with¬ 
draw  it.  On  a  careful  examination  of  these  central  fire  guns,  we 
have  no  hesitation  in  giving  the  preference  to  Lancaster’s.  The 
oblique  manner  in  which  the  stroke  is  given  to  the  cap  in  Daw’s, 
and  the  want  of  rigidity  in  the  manner  of  confining  the  barrels,  are 
decided  objections. 

3.  NEEDLE  GUNS. — The  needle  gun  as  originally  made  was  not  a 
gun  coming  under  the  category  of  breech-loaders  with  an  expand¬ 
ing  cartridge,  but  there  are  two  systems  exhibited  by  W.  &  J. 
Rigby  (2585),  in  both  of  which  that  principle  is  applied.  The  first 
we  will  notice  is  Needham’s  patent,  improved  by  Messrs.  Rigby ; 
and  before  describing  the  construction  of  the  gun,  it  is  necessary  to 
premise  that  the  cartridge  used  with  it  is  not  a  rigid  pasteboard 
tube  strengthened  with  brass,  like  the  Lefaucheux  cartridge,  but 
is  made  of  paper,  and  with  the  exception  of  the  base,  is  light  and 
pliable.  Two  or  three  discs  of  pasteboard  are  compressed  together 
at  the  bottom  to  form  an  elastic  cushion,  on  which  the  cap  is  secured 
by  a  similar  disc  having  a  hole  in  the  centre.  A  thin  zinc  capsule 
on  the  outside  prevents  the  base  from  expanding  when  exposed  to 
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damp.  This  cartridge  is  much  cheaper  than  the  Lefaucheux,  and 
a  portable  press  and  a  few  tools  would  enable  any  one  to  make  them 
for  their  own  use.  In  the  French  system  the  cartridge  is  with¬ 
drawn  after  each  shot,  consequently  it  must  be  strong  enough  to 
withstand  the  explosion  and  come  out  entire.  In  Messrs.  Rigby’s 
gun  the  base  alone  is  strengthened,  and  the  rest  of  the  tube  serves 
no  other  purpose  than  to  keep  the  charge  in  a  portable  form.  When 
one  shot  is  tired,  the  remains  of  the  cartridge  case  are  pushed  for¬ 
ward  by  the  fresh  one,  and  shot  away  in  front  of  the  succeeding 
charge.  We  now  proceed  to  describe  the  gun  with  which  the 
cartridge  is  used. 

Fig.  616. 


Needham’s  Patent. 


Fig.  616  is  a  side 
view  of  the  gun,  with  the 
breech  closed.  Fig.  617 
is  a  view  of  the  barrels 
separated  from  the 

stock,  one  action  or  breech  being  represented  open  and  the  other 
closed. 

The  action  which  contains  the  lock  mechanism  consists  of  two 
parts  which  screw  into  one  another.  One  of  these  is  hung  on  a 
cross  axis  in  the  rear  of  the  recess.  The  other  is  fitted  with  a 
finger-piece,  which  when  the  breech  is  closed 
lies  close  by  the  side  of  the  stock.  To  open 
the  breech  the  forefinger  is  applied  to  this 
finger-piece,  and  by  means  of  it  the  cap  is 
turned  round  about  a  third  of  a  revolution. 

This  movement  retracts  the  needle,  i.e.,  cocks 


and  the  barrel  released.  In  the  foremost  end  of  the  plug  a  recess 
is  turned  of  the  same  diameter  as  the  chamber,  and  the  cartridge 
lies  partly  in  the  chamber  and  partly  in  this  recess,  which  is  slightly 
undercut,  so  that  when  the  explosion  takes  place  the  base  of  the 
cartridge  becomes  fixed  in  the  plug,  and  is  drawn  back  by  it  when 
it  is  withdrawn  for  the  purpose  of  opening  the  breech.  The  breech 
end  of  the  barrel  is  then  raised  by  pressing  down  the  muzzle,  and 
the  cartridge  case  is  bent  over  and  thrown  out.  This  arrangement 
presents  three  advantages — first,  that  the  base  of  the  cartridge  being 
inclosed  in  the  recess,  no  brass  capsule  is  requisite ;  second,  the 
joint  being  thrown  on  the  side  of  the  cartridge,  escape  of  gas  is 
prevented ;  thirdly,  one  movement  of  the  lever,  and  the  action  of 
tilting  the  barrel,  half  cocks  the  cock,  opens  the 
breech,  and  withdraws  and  ejects  the  cartridge  simul¬ 
taneously.  The  traversing  motion  of  the  screwed 
plug  answers  an  excellent  purpose  in  compressing  the 
cartridge  endwise,  and  by  this  means  it  is  brought 
into  contact  with  the  sides  of  the  chamber,  and  so 
prevented  from  yielding  to  the  explosion,  and  the 
bullet  is  passed  firmly  into  the  rifling  so  as  to  insure 
its  taking  the  grooves  fairly. 


Fig.  617. 


Rigby's  Needle  Gun. 


Needham’s  Patent. 

the  lock,  and  at  the  same  time  withdraws  the  nose  of  the  action  or 
breech-piece  from  the  barrel  sufficiently  to  permit  the  whole  action 
to  be  thrown  out  into  a  position  at  right  angles  with  the  bore  as  in 
Fig.  617 .  The  cartridge  can  thus  be  introduced  and  the  breech-piece 
replaced.  The  needle  is  held  back  by  a  catch,  which  is  released 
by  the  action  of  the  trigger,  and  a  strong  spiral  spring  then  darts  it 
into  the  rear  of  the  cartridge.  On  opening  the  breech  to  reload,  a 
cam  in  the  action  pushes  back  the  needle,  and  so  cocks  the  lock 
for  the  next  shot. 

In  the  same  case  with  these  guns,  Messrs.  Rigby  exhibit  another 
needle  gun  (Fig.  618),  a  small  rifle  for  rabbit  shooting,  which  deserves 
notice  for  the  ingenious  manner  in  which  the  difficulty  of  withdrawing 
the  exploded  cartridge  case  is  solved.  In  this  gun  a  rigid  pasteboard 
cartridge  is  used,  strengthened  internally  by  a  thin  brass  capsule. 
The  barrel  is  hinged  to  the  breech-piece,  as  in  the  Lefaucheux  gun, 
but  is  held  down  in  its  place  by  a  peculiar  contrivance.  In  the 
breech-piece,  and  opposite  the  bore  of  the  barrel,  a  hole  is  bored 
and  tapped  with  a  four-threaded  screw  of  rapid  pitch.  A  screwed 
plug  fits  in  this  hole,  and  has  a  nose  which  enters  the  breech  end 
of  the  barrel  for  about  3-8ths  of  an  inch,  and  so  holds  it  down  in 
its  place.  Close  alongside  the  gun,  and  attached  to  this  plug,  is  a 
lever,  or  handle,  by  means  of  which  the  plug  can  be  screwed  back 


4.  FLOBEET'S  SYSTEM  (1306). — The  last  illustration  which  we  will 
give  of  guns  in  which  the  cartridge  completes  the  joint  is  Flobert’s 
patent  for  small  rifles,  “pistolets  a  salon,"  &c.  The  cartridge  is  of 
copper,  having  a  rim  round  the  base  in  which  an  annular  charge  of 
detonating  powder  is  placed.  In  the  pistolets  a  salon  and  small 
rifles  the  cock  forms  the  support  for  the  rear  of  the  cartridge,  and  a 
ridge  on  it  indents  the  edge  and  causes  ignition.  This  arrangement 
is  manifestly  only  suitable  to  very  small  charges.  A  similar  cart¬ 
ridge  has  been  recently  made  use  of  in  the  pocket  revolvers  used  in 
the  United  States,  specimens  of  which  are  to  be  found  in  the  cases 
of  several  British  exhibitors. 

We  will  now  examine  some  of  the  most  noticeable  of  the  numerous 
breech-loading  systems  in  which  the  joint  is  obtained  by  the  per¬ 
manent  part  of  the  breech,  and  we  at  once  divide  these  into  two 
classes,  viz.,  those  which  have  the  joint  in  the  rear  of  the  charge, 
and  those  in  which  it  is  in  front. 

All  the  guns  in  the  first  division  are  of  that  class  in  which  the 
barrel  is  fixed  to  the  stock  and  open  at  the  breech.  The  cartridge 
is  made  of  prepared  thin  paper,  and  the  ignition  is  effected  by  the 
flame  of  an  ordinary  cap  penetrating  the  paper  on  the  side  of  the 
cartridge.  The  breech  is  closed  behind  the  cartridge  by  some 
arrangement  of  a  plug  or  stopper,  varying  in  each  case,  so  that  our 
attention  need  only  be  directed  to  the  merits  of  the  different  methods 
employed  for  advancing  and  securing  in  its  place  this  plug.  In 
Bailey’s  patent  the  barrel  is  prolonged  backwards  beyond  the 
chamber,  and  a  steel  rod  or  plunger  lies  therein  which  carries  on 
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its  foremost  extremity  the  plug  to  close  the  breech.  A  bolting  lever 
is  connected  with  the  plunger  by  a  pin  near  the  plug,  and  the  upper 
part  of  the  tubes  in  the  elongation  of  the  barrel  is  removed  to  permit 
the  introduction  of  the  cartridge  and  the  action  of  the  bolting  lever, 
which  when  closed  lies  along  the  handle  of  the  stock.  To  load  the 
gun  the  lever  is  raised,  which  action  releases  the  plunger,  and 
enables  it  to  be  drawn  backward.  The  cartridge  is  then  intro¬ 
duced,  and  the  plug  replaced. 

Cooper  &  Goodman’s  gun  has  also  an  arrangement  of  compound 
leverage,  which  withdraws  or  advances  a  plug  in  an  elongation  of 
the  barrel.  The  cartridge  is  inserted  at  the  top. 

King  &  Philips’  plan  is  an  application  of  the  sectional  screw  as 
the  means  of  locking  the  plug,  which  it  is  difficult  to  describe  with¬ 
out  drawings. 

In  Webley’s  the  plug  is  attached  to  a  handle  that  lies  along  the 
top  of  the  stock,  and  by  which  the  plug  is  directly  pulled  out  and 
pushed  home.  It  is  locked  by  a  broad  key-piece,  which  works 
through  a  slot  cut  in  the  plunger  and  the  sides  of  the  barrel. 

Calisher  and  Terry’s — The  construction  of  this  rifle  is  strong  and 
simple.  The  barrel  as  before  is  continued  backward  beyond  the 
chamber.  A  portion  at  the  side  is  removed  to  admit  the  cartridge, 
which  is  thrust  forward  by  a  steel  plunger.  This  plunger  carries  on 
its  foremost  end  a  conical  plug  which  fits  into  a  conical  recess  at  the 
rear  of  the  chamber.  On  the  other  end  it  has  lug  pieces,  and  a 
lever  or  handle  is  jointed  to  it.  It  is  first  thrust  forward,  then  by 
means  of  the  lever  turned  round  through  90°.  This  action  brings 
the  lug  pieces  into  helical  recesses,  which  cause  the  conical  plug  to 
be  strongly  pressed  into  its  bed.  The  handle  then  folds  down,  and 
prevents  the  plunger  becoming  unlocked.  As  before  a  cartridge  of 
penetrable  paper  with  a  felt  wad  in  the  rear  is  used. 

Reeves  (2582)  exhibits  two  rifles.  One  is  like  Terry’s  patent 
last  described,  very  slightly  modified.  The  other  is  in  every  respect 
similar  to  Thomas’  of  Paris  Lefaucheux  rifle,  which  we  noticed  under 
the  head  of  guns  having  an  expanding  cartridge.  The  manner  in 
which  the  breech  is  pushed  up  from  below  and  drawn  down  to  admit 
the  charge  is  the  same,  but  Mr.  Reeves  proposes  to  use  not  a  Lefau¬ 
cheux  cartridge,  but  a  common  cap  and  the  greased  wad  arrangement. 
Westley  Richards’,  Restell’s,  and  Parson’s  rifles  have  some  resem¬ 
blance.  The  former  has  an  excellent  reputation,  and  has  been 
partially  adopted  by  our  government.  The  cartridge  used  is  as 
before  of  thin  paper,  with  a  wad  of  felt  soaked  in  tallow.  It  has  a 
joint  to  enable  it  to  be  introduced  mto  the  bore,  as  the  trap  at  the 
rear  of  the  barrel  which  receives  it  is  not  long  enough  to  permit  its 
entrance  otherwise.  This  trap  is  a  rectangular  box,  open  at  the 
top,  and  screwed  to  the  breech.  The  bore  of  the  barrel  is  continued 
into  it.  On  the  barrel  at  the  breech  a  lever  is  hinged,  which  lies 
along  the  top  of  the  handle  and  covers  the  box.  Along  its  under 
surface  a  piece  of  iron  slides  in  a  dovetail,  and  carries  on  one  end 
a  brass  button.  When  the  cartridge  has  been  pushed  into  the 
chamber  this  lever  is  brought  down,  and  the  sliding  piece  of  iron 
enters  the  box.  One  end  abuts  on  the  solid  end  of  the  recess,  and 
by  means  of  an  inclined  plane  formed  on  it  causes  the  sliding  piece 
to  move  forward,  and  drives  the  brass  button  into  the  box  behind 
the  cartridge. 

Parson’s  rifle  is  very  similar  in  appearance  to  Westley  Richards’, 
but  the  action  is  different.  The  brass  button  is  not  used,  and  the 
plug  which  closes  the  breech  is  spherical  and  enters  an  enlargement 
of  the  bore  behind  the  chamber.  A  short  tube  of  brass  is  fitted  in 
this  cylindrical  enlargement,  and  is  capable  of  sliding  in  it.  The 
spherical  head  of  the  plug  touches  the  brass  tube,  and  the  effect  of 
the  explosion  is  to  drive  it  backward,  and  force  it  against  the  sphere 
in  such  a  manner  as  to  cut  off  escape.  This  ingenious  arrangement 
appears  open  to  the  objection  that  the  brass  tube  which,  from  its  posi¬ 
tion,  cannot  be  examined  or  cleaned  would  probably  in  service  become 
fast  in  its  place,  and  cease  to  provide  the  requisite  compensation. 


Restell’s  patent,  which  is,  we  believe,  of  somewhat  earlier  date 
than  either  of  the  others,  resembles  Westley  Richards’  in  the  man¬ 
ner  of  introducing  the  charge,  but  has  a  different  arrangement  for 
locking  the  plug.  The  lever  lies  along  the  side  of  the  gun,  and  puts 
in  motion  a  cam  hung  on  the  same  cross  axis.  The  cam,  which  is 
an  eccentric  plate,  plays  in  a  slot  in  the  rear  of  the  plug,  and  having 
pushed  it  forward  into  its  bed  drops  down  into  the  slot,  and,  abut¬ 
ting  against  the  end  of  it,  locks  the  plug  in  that  position. 

Lancaster’s  Patent. — This  gun  differs  from  all  the  former  in 
the  method  of  preventing  escape  of  gas,  and  in  the  cartridge.  The 
idea  which  it  seeks  to  carry  out  is  not  new,  but  has  not  hitherto 
been  successfully  applied.  It  consists  in  using  a  cartridge  with  the 
bullet  behind  the  powder.  For  the  first  shot  a  bullet  only  is  inserted, 
followed  by  a  cartridge.  The  bullet  in  the  cartridge  rests  on  the 
plunger,  which  closes  the  breech,  and  when  the  charge  is  ignited  is 
driven  back  upon  it  so  as  to  become  expanded,  and  prevent  any 
escape.  The  plunger  is  in  two  parts,  an  outer  tube  with  lug  pieces 
to  lock  it  in  its  place,  and  a  rammer  sliding  in  it  in  such  a  manner 
that  after  each  shot  it  can  be  used  to  push  the  remaining  bullet 
forward  in  the  chamber,  and  so  make  room  for  the  introduction  of 
the  succeeding  charge.  The  ignition  is  effected  by  a  common  cap, 
the  nipple  being  placed  under  the  barrel ;  but  Mr.  Lancaster  does 
not  confine  himself  to  this  arrangement. 

The  improvement  which  he  claims  is  designed  to  obviate  the 
difficulty  which  was  fatal  to  former  attempts  to  carry  this  idea  ol  a 
bullet  in  the  rear  of  the  charge  into  practice.  The  hindmost  bullet 
is  liable  to  become  so  fast  in  its  place,  as  to  require  more  force  to 
impel  it  forward  than  can  be  conveniently  applied.  In  the  present 
gun  a  slight  enlargement  is  made  in  the  chamber  behind  the  bullet, 
and  an  elastic  wad  of  felt  or  other  materials  is  attached  to  its  base. 
The  effect,  we  presume,  is  to  reduce  the  expansion  of  the  bullet  to 
manageable  proportions,  and  at  the  same  time  to  cut  off  any  possible 
escape,  while  the  wad  is  also  useful,  lubricating  and  cleaning  the 
chamber  and  barrel. 

We  have  so  far  only  concerned  ourselves  with  the  method  of 
introducing  the  charge  and  closing  the  breech.  We  will  revert 
again  to  these  rifles  when  we  have  their  accuracy  of  shooting  under 
consideration. 

It  may  be  remarked  that  all  the  breech-loaders  hitherto  noticed 
require  a  special  cartridge.  In  the  first  class  the  cartridge  carries 
its  own  ignition.  In  the  second  a  cap  is  used,  and  the  special 
cartridge  is  of  penetrable  paper,  with  an  attached  wadding.  We 
now  come  to  the  only  kind  of  breech-loader  which  is  independent 
of  a  cartridge,  and  is  capable  of  being  used  without  one.  In  this 
class  the  joint  is  placed  in  front  of  the  charge.  In  fact  the  charge 
is  contained  in  a  chamber  which  is  then  brought  by  the  mechanism 
into  a  line  with  the  barrel,  and  forming  with  it  a  continuous  tube. 
The  examples  are  Gilby’s  (2507),  Leech  (2516),  M'Kenzie  <$ 
Wentworth  (2549),  Mont  Storm  (2569),  Murcott  &  Hanson  (2572). 
Rigby  (2585),  Wylie  (2617),  and  the  Norwegian  rifle. 

Gilby’s  patent  has  been  some  time  before  the  public,  being  one 
of  the  very  few  breech-loaders  exhibited  by  English  makers  at  the 
Exposition  Universelle  at  Paris  in  1855.  The  chamber,  which 
resembles  in  every  respect  the  breech-end  of  an  ordinary  barrel,  is 
mounted  on  a  cross  pin  at  its  hindmost  end,  and  when  released  (by 
pressing  a  stud  on  the  side  of  the  gun)  is  thrown  up  by  a  spring 
underneath  into  a  position  at  an  angle  of  about  60°  with  the  barrel. 
In  this  position,  it  is  loaded  with  loose  powder  and  ball.  The  loading 
is  comi  .eted  by  pressing  down  the  chamber  until  it  is  caught  by  a 
spring  catch,  which  enters  a  slot  in  a  piece  attached  to  the  chamber 
underneath.  Three  of  the  specimens  exhibited  have  a  self-capping 
arrangement  added.  The  want  of  any  check  to  the  escape  of  gas 
through  the  joint  would  be  fatal  to  the  durability  of  this  gun. 
Leech’s  patent,  exhibited  by  the  Breech-loading  Gun  Company  is 
open  to  the  same  objection,  although  some  attempt  is  made  to 


RECORD  OF  TIIE  INTERNATIONAL  EXHIBITION,  1862. 


473 


prevent  tire  destructive  effects  of  the  flash  by  inserting  a  ring  of 
platina  at  the  place  where  it  impinges.  The  chamber  is  mounted 
on  an  axis  underneath  and  parallel  to  the  barrel,  and  is  moved  out 
of  line  with  it  to  the  right  for  the  purpose  of  loading.  M'Kenzie  & 
Wentworth’s  patent  is  exhibited  by  Holland  (2549).  In  this  gun 
the  barrel  is  screwed  into  a  tubular  breech-piece,  the  bore  of  which 
is  about  equal  to  the  external  diameter  of  the  barrel.  This  breech- 
piece  is  open  at  the  top,  and  extends  back  about  six  inches.  In  it 
the  chamber  lies  (carrying  the  nipple,  &c.),  and  is  so  mounted  by 
an  ingenious  screw  arrangement,  actuated  by  a  short  lever  which 
lies  on  the  top  of  the  handle,  that  the  movement  of  this  lever  draws 
back  the  chamber,  releases  its  foremost  end  from  a  recess  in  the 
barrel,  and  turns  it  up  to  receive  the  charge,  and  the  reverse  action 
replaces  it  and  pushes  it  into  the  recess.  This  traversing  motion 
and  the  conical  joint  is  designed  to  prevent  escape  of  gas,  but  no 
conical  joint  is  entirely  effective  for  that  purpose.  Mont  Storm’s 
patent  attracts  attention  from  the  inventor’s  proposal  to  convert  all 
our  military  rifles  into  breech-loaders  by  means  of  it.  The  barrel 
is,  as  in  the  last  case,  screwed  into  a  breech-piece  with  a  recess  in 
which  the  chamber,  representing  the  breech  and  about  two  inches  of 
the  barrel,  lies.  The  chamber  is  attached  to  the  barrel  by  a  hinge 
joint  'on  top,  the  pin  of  which  is  immediately  over  the  juncture  of 
the  chamber  and  the  barrel.  When  the  cock  is  raised  the  finger 
is  applied  to  a  button  on  the  side  of  the  chamber,  and  it  is  lifted 
from  its  bed  and  turned  over  on  the  top  of  the  barrel,  with  the 
opening  towards  the  breech.  In  this  position  the  charge  is  inserted 
and  the  chamber  or  movable  breech  end  is  replaced.  When  the 
cock  falls,  it  causes  a  bolt  to  protrude  through  the  rear  of  the  recess 
in  which  the  chamber  lies,  and  to  enter  a  corresponding  hole  in  the 
chamber.  In  this  manner  the  latter  is  held  down  in  its  place,  and 
a  safeguard  is  provided  against  the  cock  falling  when  it  is  not  quite 
home.  The  provision  against  the  escape  of  gas  is  made  by  a 
movable  nose-piece  to  the  chamber,  which  enters  an  enlargement 
of  the  bore  in  the  rear  of  the  barrel.  The  nose-piece  is  a  thin 
steel  tube,  slightly  conical,  which  is  fitted  into  the  chamber,  and 
projects  sufficiently  beyond  it  to  enter  and  fill  the  enlargement  of 
the  barrel.  When  the  charge  is  ignited  it  is  urged  forward  by  the 
explosion,  and  so  kept  strongly  pressed  against  the  barrel.  The 
efficiency  of  this  arrangement  evidently  depends  on  the  nose-piece 
being  free  to  slide  in  the  chamber. 

W.  &  J.  Rigby  exhibit  a  carbine  on  Rigby  &  Needham’s  patent, 
in  which  a  much  more  efficient  joint  is  obtained.  The  barrel  is,  as 
before,  screwed  into  a  tubular  breech-piece,  open  on  the  top  and 
wide  enough  to  receive  a  chamber  as  strong  as  the  barrel,  in  fact 
supplying  the  place  of  the  breech  and  first  two  inches  of  the  barrel. 
This  chamber  has  a  lever  or  handle  placed  under  the  nipple,  and 
lying  close  to  the  side  of  the  stock,  by  which  it  can  be  turned  round 
in  its  bed  about  one-third  of  a  revolution,  and  then  lifted  up. 
Behind,  it  is  attached  to  a  piece  of  iron  by  a  screw  of  rapid  pitch, 
and  this  latter  piece  is  hung  on  a  cross  axis.  When  the  chamber 
is  turned  in  its  bed  the  screw  draws  the  foremost  end  out  of  a  recess 
in  the  rear  of  the  barrel,  and  it  can  be  lifted  up  to  a  position  at 
right  angles  with  the  box  to  receive  the  cartridge  or  loose  charge. 
The  recess  in  the  barrel  is  cylindrical,  and  there  is  a  corresponding 
cylindrical  projection  on  the  chamber.  The  movement  of  the  joint 
in  firing  causes  this  projection  to  slide  in  the  recess  without  separat¬ 
ing  the  surface  or  permitting  escape,  against  which  the  expansion 
of  the  chamber  also  provides.  In  this  gun  the  chamber  is  the 
same  bore  as  the  barrel,  and  the  rifling  is  continued  into  it,  so  that 
the  ball  expands  in  the  rifling  as  in  a  muzzle-loader. 

The  last  chamber  breech-loader  which  we  shall  notice  is  Wylie’s. 
The  whole  arrangement  of  this  gun  is  original,  and  its  description 
consequently  difficult.  The  chamber  slides  in  a  hollow  breech- 
piece,  and  is  locked  in  its  place  by  a  sectional  screw  on  its  surface. 
A  handle  projecting  from  it  enables  the  shooter  to  turn  it  round 


a  quarter  of  a  turn  (which  disengages  the  sectional  screw),  draw 
it  back,  and  finally  tilt  up  the  end  to  receive  the  charge.  The 
same  movement  bocks  the  lock,  which  is  placed  underneath,  and 
brings  the  nipple  into  a  position  to  receive  a  fresh  cap  from  the 
self-capping  apparatus  placed  in  the  stock.  The  reverse  move¬ 
ment  replaces  and  locks  the  chamber,  and  the  loading  is  complete. 
The  chamber  has  a  long  nose-piece  which  enters  a  slightly  conical 
recess  in  the  barrel,  and  so  prevents  escape  of  gas.  The  bullet  is 
permitted  to  project  from  the  chamber,  and  so  enters  the  barrel, 
and  lies  in  the  rifled  portion.  The  inventor  claims  for  his  gun  the 
advantage  of  being  automatic,  and  at  the  same  time  capable  of 
being  cocked  and  capped,  &c.,  in  the  usual  way,  or  used  as  a  muzzle- 
loader  if  required. 

Having  now  passed  in  review  the  most  remarkable  constructions 
in  the  department  of  breech-loading  firearms,  we  will  direct  our 
attention  to  rifles  for  military  purposes  and  for  target  practice.  In 
1852  our  Government  first  adopted  into  the  service  the  French 
invention  of  expanding  bullets  for  rifles.  In  the  following  year  the 
present  Enfield  rifle  was  designed,  and  in  a  few  years  totally  super¬ 
seded  smooth  bores  in  all  branches  of  the  service.  The  sudden 
demand  so  created  being  inadequately  supplied  from  the  ordinary 
sources,  it  was  resolved  to  attempt  on  a  large  scale  what  had  already 
been  effected  in  America  on  a  smaller  one,  namely,  the  application 
of  machinery  to  the  manufacture  of  these  rifles  in  so  complete  a 
manner  that  in  any  number  of  guns  all  the  parts  of  the  gun  should 
be  interchangeable. 

The  Royal  Small  Arms  Factory  (2G03)  contribute  a  most  com¬ 
plete  and  interesting  series  of  specimens  of  the  various  parts  of  the 
rifle  in  its  progressive  stages  of  manufacture. 

The  London  Armoury  Company  (2561),  who  manufacture  on  the 
same  system,  also  exhibit  very  beautiful  examples  of  what  can  be 
done  by  the  special  adaptation  of  machinery  to  particular  objects. 

The  Birmingham  Military  Arms  Trade  (2513)  have  a  very  fine 
collection  of  arms  of  various  models.  The  application  of  machinery 
is  only  partial  in  these,  but  is,  we  believe,  extending,  and  has  made 
considerable  progress  during  the  last  two  years. 

In  the  French  department  F.  Escoffeir,  of  St.  Etienne  (1317), 
exhibits  specimens  of  military  arms,  among  which  are  the  long  and 
short  Enfield,  closely  copied  from  the  English  model. 

The  Belgian  contractors  are  represented  by  Dandoy  (326),  and 
Malherbe  &  Company  (341).  In  their  cases  may  be  seen  the 
various  models  of  military  arms  used  by  many  of  the  European 
states,  and  conspicuous  among  them  the  Enfield  rifle. 

We  have  remarked  before  on  the  importance  of  obtaining  the 
assistance  of  machinery  in  the  manufacture  of  military  arms,  and 
we  note  with  pleasure  in  the  machinery  court  in  the  contribution  of 
Messrs.  Greenwood  &  Batley  (1610)  two  machines,  one  for  rifling 
the  barrels  of  Enfield  pattern  guns,  and  the  other  for  letting  the 
locks  into  the  wood,  which  have  been  made  for  the  Birmingham 
trade.  The  particular  merit  of  the  rifling  machine  (Fig.  618 J)  is 
in  the  arrangement  by  which  the  length  of  the  stroke  is  varied 
so  as  to  economize  time,  by  only  permitting  the  cutter  to  return 
over  so  much  of  the  barrel  as  is  to  be  cut  in  the  succeeding  stroke. 
The  feed  is  also  self-acting,  and  by  an  ingenious  arrangement  the 
cutter  is  withdrawn  into  its  sheath  on  the  return  stroke,  so  as  to 
keep  it  clear  of  the  work. 

The  general  adoption  of  the  Enfield  rifle  in  our  army,  and  the 
importance  which  is  given  to  accurate  shooting  at  long  ranges,  have 
caused  many  experimentalists  to  attempt  the  further  improvement 
of  that  model.  There  are  several  exhibitors  of  long-range  rifles  in 
the  English  department,  all  of  which  are  designed  on  the  principle 
of  a  reduced  bore  and  a  more  elongated  form  of  projectile.  With 
the  exception  of  the  rifle  which  takes  its  name  from  the  late  General 
Jacob,  all  these  are  ’451  bore,  and  throw  a  bullet  of  530  grains. 

Specimens  of  General  Jacob’s  military  rifle  are  exhibited  by 
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Swinburn  &  Sons  (2513),  G.  H.  Daw  (2527),  and  others.  The 
bullet  carries  a  percussion  shell,  is  about  ^  inch  in  diameter,  and  1£ 
inches  long.  Its  range  and  accuracy  are  considerable,  but  in  both 
it  has  been  surpassed  by  rifles  of  smaller  calibre  constructed  on  the 
system  for  which  we  are  mainly  indebted  to  the  series  of  experi¬ 
ments  carried  out  some  years  since  at  the  instance  and  at  the  expense 
of  the  Government  by  Mr.  Whitworth  of  Manchester. 

Among  the  exhibitors  in  this  section  are  the  Whitworth  Rifle 
Company  (2612),  the  London  Armoury  Company  (2561),  C.  W. 
Lancaster  (2557),  W.  &  J.  Rigby  (2585),  R.  Adams  (2506),  F.  T. 
Baker  (2510),  II.  Jackson  (2550).  In  all  these  the  bore  is  nearly 
the  same,  and  the  general  principles  of  length  of  bullet,  degree  of 
spiral,  &c.,  are  very  similar.  The  method  of  rifling,  and  the  section 
of  the  bore  constitute  the  chief  difference.  In  Whitworth’s  rifles 
the  section  is  a  hexagon  with  rounded  angles,  the  grooves  are  of 
equal  depth,  and  the  spiral  equable  from  breech  to  muzzle.  The 
bullet  is  hexagonal,  to  fit  the  rifling,  and  is  of  lead  slightly  alloyed 
to  render  it  harder.  For  military  purposes,  however,  when  quick 

Fig.  6165. 


necessary  for  reducing  the  manufacture  of  lilies  to  a  certainty,  are, 
by  its  aid,  most  readily  obtained.  It  is  true  that  the  shooting  of  a 
rifle  so  confined  differs  from  its  performance  when  it  is  discharged 
from  the  shoulder,  but  still  much  valuable  information  may  be  de¬ 
rived  from  its  use. 

Figs.  619,  620  represent  a  side  elevation  of  the  rest  and  the  plan 
of  the  bed.  The  frame,  which  is  stiffened  by  tension  bars,  carries  a 
narrow  table,  on  which  the  gun  metal  bed  or  slide  is  mounted  with 
adjusting  screws,  so  as  to  be  capable  of  adjustment  both  in  the 
angle  of  elevation  and  in  the  horizontal  plane,  to  compensate  for 
the  fall  of  the  bullet  and  its  deviation  from  the  action  of  the  wind. 
The  rifle  is  mounted  in  a  light  steel  cradle  which  slides  steadily  on 
the  bed,  and  which  is  removed  with  the  gun  from  the  bed  each 
time  it  is  loaded.  A  clinometer  attached  to  a  steel  bar,  which  fits 
down  the  bore  of  the  rifle,  gives  the  true  angle  of  elevation,  and 
serves  to  detect  any  accidental  change  of  position. 

C.  W.  Lancaster  (2557)  exhibits  a  small  bore  military  rifle  on 
his  principle  of  an  elliptic  section.  The  bullet  used  is  of  soft  lead 


loading  is  requisite,  a  leaden  expanding  bullet  is  used,  but  the  pa¬ 
tentee  prefers  the  fitted  bullet  on  the  score  of  superior  accuracy. 
The  rifles  exhibited  by  the  Whitworth  Rifle  Company  are  very 
well  made  and  finished.  The  sights  are  extremely  accurate,  but 
appear  rather  delicate  and  liable  to  injury.  We  have  before  drawn 
attention  to  the  superior  quality  of  the  barrels,  which  are  drilled  out 
of  solid  bars  of  mild  steel.  The  hexagonal  cartridges  for  these 
rifles  exemplify  the  care  and  accuracy  with  which  every  part  of  the 
system  is  carried  out.  The  powder  in  each  cartridge  is  separately 
weighed,  and  both  it  and  the  bullet  are  guaranteed  to  a  fraction  of 
a  grain. 

Among  the  collection  of  rifled  ordnance  is  exhibited  Whitworth’s 
Patent  Machine  Rest,  which  we  engrave,  as  it  is  an  important 
auxiliary  to  experiments ;  with  it  the  mean  deviation  of  the  rifle  is 
tested,  which  gives  a  certain  measure  of  the  accuracy  of  the  gun. 
The  angle  of  elevation  at  each  distance,  the  amount  of  deflection  due 
to  the  wind,  and  other  causes,  the  effect  on  the  trajectory  of  different 
quantities  and  qualities  of  powder ;  and  in  fact  all  the  elements 


and  takes  the  rifling  by  expansion.  A  card  attached  gives  the  result 
of  trials  recently  made  at  Woolwich,  which  prove  the  rifle  to  possess 
shooting  qualities  of  the  highest  order. 

W.  &  J.  Rigby  (2585)  contribute  a  specimen  of  a  military  pattern 
gun  rifled  on  their  minimum  principle.  The  grooving  is  very  slight 
and  shallow,  but  so  formed  as  to  present  the  greatest  resistance  to 
the  bullet’s  stripping ,  with  the  minimum  amount  of  expansion. 
This  form  has  also  the  merit  of  moulding  the  bullet  to  a  form  which 
presents  inclined  surfaces  to  the  resistance  of  the  air,  and  the  rota¬ 
tion  is  consequently  less  retarded  from  that  cause  than  in  any  other 
principle. 

The  London  Armoury  Company  (2561)  exhibit  rifles  on  Kerr’s 
patent.  The  groove  resembles  Rigby’s,  but  instead  of  following  an 
.equable  spiral,  it  starts  straight  or  without  spiral  for  a  few  inches 
near  the  breech ;  the  spiral  then  commences  and  continues  equable 
to  the  muzzle.  The  object  proposed  is  to  diminish  fouling,  but  we 
cannot  discover  any  reason  why  this  plan  should  be  effective  for 
that  purpose. 
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Adams’  (2506)  small  bore  rifle  has  five  grooves,  and  the  same 
bore  and  spiral  as  Whitworth’s. 

Baker’s  (2510)  has  also  five  grooves,  but  so  shaped  as  to  blend 
gradually  into  the  bore  and  present  no  edges. 


Fig.  619. 


Whitworth’s  Rest— Side  Elevation  and  Plan. 


having  an  expanding  cartridge.  For  the  pistol  the  cartridge  is  made 
of  copper,  and  is  fitted  either  with  a  cap  and  exploding  pin  on 
Lefaucheux’s  system,  or  with  a  central  fire  arrangement  somewhat 
similar  to  that  described  for  breech-loading  guns.  Flobert’s  system, 
in  which  the  percussion  powder  is  placed  in  the  rim  of  the  cartridge 
case,  has  also  been  applied  to  breech-loading  revolvers.  The  advan¬ 
tage  of  the  breech-loading  arrangement  for  pistols  consists  in  the 
rapidity  with  which  they  can  be  loaded,  and  that  the  charge  is  not 
liable  to  deterioration  from  damp,  &c.  ;  on  the  other  hand  the  pistol 
is  useless  without  a  supply  of  good  cartridge,  which  cannot  readily 
be  obtained  abroad.  The  Lefaucheux  revolver  is  exhibited  by  Clau- 
din  (1336)  in  the  French  Court,  and  there  is  a  beautifully  enriched 
specimen  among  the  collection  of  arms  by  Bayet  Freres  of  Liege. 

Devisme  contributes  a  pistol  of  his  own  invention,  with  central 
fire  cartridge.  The  barrel  is  attached  to  the  stock  by  means  of  a 
hinge  joint,  close  under  the  cylinder,  and  a  tail  piece  on  the  barrel 
which  extends  back  and  falls  into  a  recess  in  the  top  of  the  frame  of 
the  pistol.  It  is  confined  there  by  a  bolt,  and  when  it  is  withdrawn 
the  barrel  is  free  to  fall  down  and  permit  the  removal  of  the  cylinder. 

L.  Perrin  (1327)  exhibits  a  central  fire  revolver  of  much  merit 
for  strength  and  simplicity  ;  as  also  does  Cordier. 

In  all  these  pistols  the  leading  idea  of  a  copper  cartridge  is  the 
same ;  and  a  description  of  their  varieties  of  construction  to  effect 
the  introduction  and  withdrawal  of  the  cartridge  would  exceed  the 
limits  of  this  article. 


3.  ARTILLERY. 


pistols  are  now  made 
with  the  double  action, 
so  that  they  can  either  be  cocked 
by  the  thumb  before  taking  aim, 
or  fired  by  repeated  pulls  of  the 
trigger  only. 

The  London  Armoury  Com¬ 
pany  exhibit  specimens  of  Adams’ Patent  Revolver. 

Adams’  patent  revolvers,  also 

of  Kerr’s  patent.  The  improvements  claimed  for  the  latter 
are  the  introduction  of  the  ordinary  back-action  lock, 
which,  with  the  addition  of  one  limb  only,  revolves  the  cylinder. 
The  lock  being  of  similar  construction  to  that  of  ordinary  firearms  is 
easily  cleaned  and  repaired,  and  its  position  (let  into  the  wood  of  the 
stock  at  the  side  of  the  handle)  enables  it  to  be  readily  removed  for 
that  purpose.  The  pistols  exhibited  are  for  the  most  part  single 
action,  but  they  are  also  made  double  action  when  required. 

In  the  French  department  a  great  number  of  revolvers  are  shown, 
most  of  which  are  constructed  on  principles  similar  to  those  of  guns 


By  Robert  Mallet,  Esq.,  C.E.,  F.R.S. 


’TILLERY  followed  as  an  inevitable  lemma 
from  the  discovery  of  gunpowder,  which  later 
researches  show  to  have 
probably  originated  acci¬ 
dentally,  and  at  an  ex¬ 
tremely  remote  period,  in 
Asia,  where  cannon  seem 
to  have  been  actually 
employed,  while  yet  the 
arblast  and  battering-ram 
alone  were  known  in 
Europe.  The  knowledge 
of  gunpowder  and  of  artil¬ 
lery  appear  not  to  have  been 
rediscovered  in  Europe,  as 
in  the  commonly  received  notion,  but  to  have  travelled  westward 
with  returning  pilgrims  and  churchmen  from  the  East ;  and  western 
literature  affords  no  earlier  notice  of  either  than  that  of  our  own 
Roger  Bacon  of  Oxford,  about  the  year  1270;  although  the  Moors 
employed  cannon  in  the  south  of  Europe  before  that  date. 

Artillery  has  had  four  marked  epochs  of  improvement,  in  its 
European  history,  each  dependent  upon  the  nature  of  the  projec¬ 
tile.  The  first  or  earliest,  was  that  of  stone  balls — the  stone  of 
the  ancient  catapult  transferred  to  a  new  agent  of  propulsion. 
The  artillery  prepared  for  throwing  these  was  of  great  calibre, 
sometimes  as  much  as  2  feet,  and  was  either  formed  of  forged  iron 
staves  and  rings  shrunk  on  them  hot,  as  in  the  Bombard  of  Ghent, 
Mons  Meg  at  Edinburgh  Castle,  &c  ,  or  cast  in  bronze,  as  in  the 
Kammerlichs  of  the  Dardanelles.  The  second  epoch  was  marked  by 
the  substitution  of  lead  or  iron  shot  for  those  of  stone,  which  it  had 
been  found  w'ould  not,  unshattered,  stand — 

“  ’Gainst  castle  wall, 

The  heavy  brunt  of  cannon  ball.” 


Some  idea  may  be  formed  of  the  power  of  an  English  small  bore 
rifle  of  the  present  day,  from  the  fact  that  with  an  elevation  of  less 
than  three  degrees  it  has  a  range  of  1000  yards,  and  at  that  distance 
the  mean  deviation  is  under  two  feet. 

REVOLVING  PISTOLS. —  Since  the  introduction  of  revolving 
chamber  pistols  by  Colonel  Colt  in  1851  much  attention  has  been 
given  to  this  subject,  and  the  same  circumstances  which  have  stimu¬ 
lated  the  improvement  of  military  rifles  have  also  acted  in  this  case. 
Among  the  English  exhibitors  are  Adams  (2506)  and  the  London 
Armoury  Company  (2561).  Adams’  patent  revolvers  are  too  well 
known  to  need  description  here.  Among  the  samples  exhibited  is 
one  very  elaborately  engraved  and  gilt  (Fig.  621).  All  these 


Fig.  621. 
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The  great  increase  of  density  of  these  metallic  projectiles  over 
those  of  stone,  at  once  admitted  and  compelled,  a  large  reduction  of 
calibre  and  increase  of  thickness,  and  cannon  were  now  chiefly  cast, 
and  of  bronze.  Guns  cast  in  iron,  do  not  date  before  the  latter  part 
of  the  fifteenth  century. 

The  third  marked  epoch  was  that  of  the  invention  of  vertical  fire, 
and  of  hollow  explosive  or  incendiary  projectiles,  the  earliest  notices 
of  which  occur  at  the  conclusion  of  the  fifteenth  and  early  in  the 
sixteenth  century.  These  involved,  a  return  to  large  calibres,  and 
to  the  construction  of  the  mortar. 

The  fourth  and  last  epoch  is  of  our  own  day,  and  its  progress  yet 
unfulfilled.  It  consists  in  carrying  out  the  prediction  of  Robins,  made 
more  than  a  hundred  years  ago  (in  1747,  in  his  “  New  Principles 
of  Gunnery”),  that  “  whatever  state  should  thoroughly  comprehend 
the  nature  and  use  of  rifled  barrelled  pieces,  and  having  facilitated 
and  completed  their  construction,  should  introduce  into  their  armies 
their  general  use,”  would  thereby  acquire  a  superiority,  relatively 
almost  as  great,  as  that  obtained  by  the  first  introduction  of  firearms. 

Robins  proposed  elongated  projectiles  for  rifled  guns,  and  was  fully 
aware  of  the  increased  range,  as  well  as  exactness  of  fire,  that  would 
result  from  rifled  artillery.  His  knowledge,  however,  was  in  advance 
both  of  the  reqirements  and  of  the  arts  of  his  time  ;  rifled  cannon, 
in  fact,  have  only  become  possible  in  virtue  of  the  metallurgic 
skill  and  exact  machine  workmanship  developed  within  the  last 
fifty  years. 

Within  the  few  pages  that  are  allotted  here  to  our  subject,  we 
must  almost  confine  our  notices  to  rifled  artillery'',  the  newest,  in 
some  respects  the  most  important,  and  the  chief,  display  of  ordnance 
at  the  Exhibition  of  1862:  for  simple  as  is  the  fundamental  problem 
of  the  artillerist — merely  to  blow  a  mass  out  of  a  tube — the  prac¬ 
tical  conditions  superadded  by  the  requirements  of  warfare,  at  sea 
and  on  land,  are  in  a  high  degree  complicated ;  and  to  treat  with 
anything  approaching  system  and  completeness  the  artillery  and 
ordnance  appliances,  which  are  so  remarkable  a  feature  of  this 
Exhibition,  would  require,  not  eight  or  ten  pages,  but  an  octavo 
volume. 

The  invention  of  the  rifle  in  its  early  applications  to  small  arms, 
dates  from  a  very  remote  period,  and  appears  to  have  originated  in 
central  Europe.  Long  before  Robins  wrote,  attempts  had  been  made 
early  in  the  seventeenth  century  to  enlarge  its  use  and  adapt  it  to 
artillery ;  even  the  elongated  projectile  in  various  forms  was  long 
anterior  to  Robins’  day.  Cavalli,  Wahrendorf,  and  several  others, 
had  produced  rifled  cannon,  embracing  breech  doading  and  elongated 
projectiles,  but  without  complete  success,  a  good  while  before  those 
events,  that  have  concentrated  popular  attention  upon  the  subject  to 
the  extent  now  observable. 

The  success  and  full  adoption  of  rifled  small  arms  with  elongated 
projectiles  in  the  armies  of  France,  Prussia,  and  other  Continental 
powers,  and  directly  after  in  our  own,  seem  to  have  first  given  the 
new  impulse  to  the  attempts  to  extend  like  projectiles  to  artillery. 

Mr.  Whitworth  had  been  at  work,  aided  by  Government,  in  experi¬ 
menting  upon  small-arm  rifles,  and  had  made  some  attempts  at  rifled 
cannon,  when  Mr.  (now  Sir  William)  Armstrong  produced  a  com¬ 
pleted  rifled  fieldpiece,  which  he  had  gradually  matured  in  private, 
and  presented  it  for  trial.  The  results,  though  no  more  than  science 
could  have  predicted,  were  received  with  mixed  astonishment  and 
admiration.  The  vast  extension  of  range  and  increase  of  accuracy 
over  anything  previously  obtained  with  round  shot,  rivetted  attention 
thenceforth  upon  the  new  system.  Whatever  may  be  the  defects  in 
detail  of  the  Armstrong  gun,  this  admiration  was  not  misplaced  on 
the  whole ;  for,  as  originally  presented,  it  combined  and  brought  to 
practical  form  in  gun  and  in  projectile  a  greater  amount  of  the  condi¬ 
tions  necessary  to  perfection  than  any  one  had  done  before.  Mr. 
Lancaster  had  been  before  him,  and  had  brought  the  oval-bored  rifle 
gun  to  a  form  of  practical  utility,  but  the  cast-iron  guns  employed 


were  of  the  old  forms,  and  were  deficient  in  resistance,  and  his  oval 
shells,  the  production  of  which  in  wrought-iron  was  yet  a  novelty  at 
Woolwich,  were  imperfectly  manufactured ;  and  while  his  method 
was  as  yet  inchoate,  the  Armstrong  gun  appeared,  and  all  antecedent 
to  it  was  summarily  dismissed.  In  this  Lancaster  was  unfortunate  for 
the  time.  We  believe,  however,  that  the  last  has  not  been  seen  of 
the  oval  bored  gun. 

Mr.  Whitworth  has  been  in  point  of  time,  the  third  great  star  in 
the  English  sky,  and  has  unquestionably  achieved  some  most  remark¬ 
able  results,  by  fine  material  and  exact  workmanship.  These  will 
be  referred  to  in  describing  the  objects  he  has  exhibited. 

The  elongated  rifled  shot,  in  order  that  it  shall  receive  rotation 
from  the  spirals  of  the  gun  (however  these  may  be  formed),  must  fit 
the  latter  with  small  or  with  no  windage.  This  closeness  of  fit,  the 
larger  mass  of  the  projectile  due  to  its  elongated  form,  and  upon 
which  mass,  greater  than  that  of  the  spherical  ball  though  with  only 
the  same  cross  section  of  resistance  in  flight,  the  increase  of  range 
of  the  rifle  mainly  depends;  these  and  the  resistances  involved  in 
giving  it  the  rotation  or  spin,  together  involve  a  serious  increase  of 
distress  upon  the  gun.  To  withstand  this,  in  large  calibres  at  least, 
the  old  forms  of  solid  cast-iron  or  bronze  guns  were  inadequate. 
Two  methods  suggested  themselves  to  strengthen  them  : — 

The  gun  might  be  made  of  a  stronger  material — of  wrought-iron 
or  of  tough  steel,  for  example — or  the  materia]  might  be  better 
disposed  ;  it  might  be  so  arranged  that  all  parts  of  the  thickness  of 
the  cylinder  should  be  strained  as  nearly  as  possible  alike,  which  is 
not  the  case  in  any  gun  formed  in  one  mass. 

This  is  the  system  of  superimposed  hoops  with  initial  tension, 
falsely  attributed  to  Captain  Blakely  as  its  inventor,  or  the  first  dis¬ 
coverer  of  its  laws.  The  true  history  of  the  invention,  and  of  the 
discovery  of  its  laws,  may  be  found  in  the  Proceedings  of  the  Royal 
Irish  Academy,  vol.  vii.,  part  xi.,  pp.  316-332,  1860.  To  Dr.  Hart, 
of  the  University  of  Dublin,  we  owe  the  first  mathematical  investi¬ 
gation  of  these  laws 

Armstrong  adopted  and  from  the  outset  combined  both  these 
modes  of  obtaining  the  strongest  possible  gun.  Whitworth  adopted 
until  very  lately  the  better  material  only.  Armstrong  superadded 
breech-loading,  that  portion  of  his  ordnance,  in  which  he  has  been 
least  successful. 

In  small  arms  the  projectile  of  lead  is  so  soft,  small,  and  mould- 
able,  that  no  serious  difficulties  are  found  in  causing  it  to  adapt  itself 
to  the  spirals  of  the  barrel,  so  as  perfectly  to  take  the  spin  without 
injury  to  the  spirals  ;  but  the  case  is  widely  different  in  great  guns. 
The  mass  of  the  projectile  must  be  of  rigid  material,  of  iron  or  steel ; 
either,  then,  some  tertium  qirid  of  soft  and  mouldalde  material,  like 
lead,  must  be  adapted  to  its  exterior,  that  shall  at  the  moment  of 
projection  adapt  itself  to  the  spirals  also,  or  workmanship  the  most 
exquisite  and  precise  must  be  erupted  to  produce  in  each  shot 
a  rigid  piston,  perfectly  fitting  the  spirals.  Armstrong  adopts  the 
former,  Whitworth  the  latter  alternative.  Lancaster  might  employ 
either  the  one  or  the  other,  but  did  employ  (though  imperfectly 
carried  out)  the  second.  Simple  as  are  these  conditions,  when  they 
are  brought  further  into  contact  with  those  of  continued  and  actual 
service,  they  are  found  to  involve  difficulties  that  have  taxed  the 
ingenuity  of  many  minds,  and  have  produced  a  perfect  encyclopaedia 
of  plans  for  the  construction  of  shot  and  spirals,  none  of  which  can 
be  said  as  yet  to  be  admittedly  perfect. 

One  of  the  two  great  classes  of  rifled  cannon  shot,  viz.,  that  of 
hard  and  soft  metal  combined,  is  again  subdivisible,  into  those  in 
which  the  f  hot  is  already  by  formation  nearly  adapted  to  fit  the  spirals 
of  the  gun,  and  is  deformed  by  the  explosion  only  to  such  an  extent, 
as  shall  enable  the  soft  metal  quite  to  fill  the  windage,  &c. ;  to  this 
belong  the  French,  Italian,  and  Spanish  projectiles,  and  those  of 
Britten,  Jeffery,  and  the  Armstrong  shunt  gun,  with  others;  and  those 
in  which  the  soft  metal,  by  formation  a  cylinder  or  other  form  larger 
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than  the  rifled  chase,  is  at  the  moment  of  explosion  deformed  to  the 
full  extent  of  the  rifling,  and  takes  the  form  of  the  spirals  by  being 
forced  through  them,  as  wire  is  passed  through  the  draw  plate. 

To  this  latter  class  the  Armstrong  projectiles  (except  those  of  the 


Fig.  622. 


Jeffery,  Britten,  and  Lancaster’s  System  of  Rifling. 


breadth,  depth,  form,  and  amount  and  nature  of  twist,  very  often 
with  more  ingenuity  than  knowledge  of  guiding  principles.  To 
discuss  these  principles  here,  and  within  our  space,  is  impracti¬ 
cable.  One  or  two  of  the  main  points,  however,  are  these  : — Given 
the  calibre,  form,  and  density  of  the  projectile,  and  its  intended 
initial  velocity,  a  certain  velocity  of  rotation  upon  its  axis  of  pro¬ 
jection,  must  be  impressed  to  insure  accuracy  of  flight  within  given 
limits ,  and  within  given  limits  of  range,  and  at  elevations  not  greatly 
removed  from  horizontal.  Then,  cceteris  paribus,  that  form  of 
rifle  grooving  will  be  the  best  as  respects  the  gun,  that  shall  enable 
it  best  to  sustain  the  equivalent  of  the  work  that  must  be  impressed 
upon  the  shot  to  produce  rotation,  with  the  least  amount  of  cutting 
away  of  material,  from  the  interior  of  the  originally  cylindrical 
chase,  and  chiefly  that  shall  cut  least  radially,  or  in  depth,  from 
the  thickness  of  the  gun.  As  respects  the  shot,  it  is  generally  true 
that  in  proportion  as  the  preceding  condition  is  approached  in  the 
form  of  the  gun,  so  will  the  form  of  the  shot  be  good  as  respects  its 
flight,  so  far  as  aerial  resistance  due  to  projections  from  its  surface 
is  concerned. 

The  mechanical  configuration  of  these  grooves  or  riflings  upon 
the  gun  previously  bored  to  the  old  cylindrical  or  “  smooth  bore” 
form,  has  called  forth  several  RIFLING  MACHINES,  some  of  which 
are  of  extreme  beauty  of  combination. 

The  old  rifling  tool  of  gunmakers  for  small  arms  consisted  main!}' 
of  a  square  rod,  twisted  to  the  same  extent  as  the  grooves  were 
intended  to  have  in  the  barrel.  This  carried  a  suitably  formed 
cutter  at  one  end,  and  slided  through  a  square  hole  in  the  centre  of 
a  plate  with  a  divided  circumference.  The  divisions  of  the  latter 
determined  the  number  of  grooves  round  the  whole  interior  of  the 
barrel,  and  the  spaces  between,  and  the  form  of  the  grooves,  were 
fixed  by  it,  and  that  of  the  cutter,  the  twist,  as  has  been  said,  being 
that  of  the  bar.  The  same  arrangement  has  been  applied  to  cannon  ; 
hut  the  resistances  to  be  overcome  are  here  so  much  greater  at  the 
cutting  point,  the  uniformity  of  the  material  not  alwa}’S  the  same, 
and  the  necessity  for  exact  parallelism  in  all  the  grooves  so  impera¬ 
tive,  that  better  machinery  was  early  called  for. 

The  rifling  machine  invented  by  Francois  Jules  Manceaux,  a  gun- 
maker  of  Paris,  and  patented  in  England  in  1852  (No.  13,934),  con¬ 
tains  the  germs  of  much  that  has  since  been  achieved.  Two  of  the 
most  remarkable  of  these  rifling  machines  are  Mr.  Lancaster’s,  and 
that  designed  and  perfected  by  Mr.  John  Anderson,  C.E.,  Superin¬ 
tendent  of  the  Royal  Gun  Factories,  of  which  many  are  at  work  in 
the  Arsenal,  Woolwich.  In  Figs.  C25,  62G,  Mr.  Lancaster’s  machine, 
patented  in  1850  (No.  13,161),  is  generally  shown.  Fig.  625  repre¬ 
sents  the  machine  in  sectional  elevation  and  Fig.  626  a  plan ;  Figs.  627 
and  628  the  longitudinal  and  transverse  sections  of  the  rifling  bar 
and  cutter  head  ;  and  Fig.  629  the  detail  of  the  cutter  head.  Most 
persons  now  are  aware  that  the  Lancaster  or  oval-bored  gun  has  an 
elliptic  transverse  section,  and  that,  supposing  the  observer  stand¬ 
ing  facing  the  muzzle,  the  major  axis  of  the  ellipse  being  vertical 
at  that  point,  then  at  successive  equidistant  points  taken  back  along 
the  chase  to  the  breech  ;  the  focus  of  this  major  axis  is  found,  in  a 
plane,  vertical  at  the  muzzle,  and  twisted  spirally  as  it  recedes 
towards  the  breech,  either  uniformly  or  according  to  any  other 
determined  law,  and  either  to  the  right  or  the  left  hand  of  the 
observer;  the  twist  being  always  about  the  axis  of  the  original 
cylindrical  bore — i.e.,  about  the  point  bisecting  the  line  joining  the 
foci  of  the  ellipse.  The  difference  between  the  minor  and  major 
axes  is  extremely  small — say,  as  56 :  62,  or  even  nearer  equality. 
Thus,  in  fact,  the  Lancaster  gun  is  a  two- grooved  rifle,  in  which  the 
width  of  either  groove  is  equal  the  minor  diameter  of  the  chase,  and 
in  which  the  “  landes”  have  become  evanescent.  It  is  the  simplest 
of  all  possible  forms  of  rifling,  and  makes  the  nearest  approach  to 
leaving  the  old  cylindrical  bore  untouched. 

Having  premised  thus  much,  we  can  explain  generally  the  action 


shunt  gun)  belong.  These  involve  breech-loading  cannon  as  a 
matter  of  necessity,  because  by  no  other  means  can  the  projectile, 
larger  iti  diameter  than  the  chase  of  the  gun,  be  introduced;  and 

also  demand  fine  spiral 
Fis- 623-  groovings,  such  as  those 

which  (called  formerly  in 
small  arms  hair  rifling )  in 
the  shape  of  the  teeth  of  a 
|H  ratchet  wheel,  characterize 
the  Armstrong  guns. 

In  Figs.  G22,  623,  624,  are 
given  seven  of  the  more 
remarkable  of  the  forms  of 
rifle  spirals  and  projectiles 
that  are  before  the  public  in 
this  country,  being  those 
which  in  August  and  Sep¬ 
tember,  1861,  were  sub¬ 
mitted  to  certain  competi¬ 
tive  trials  at  Shoeburyness 
as  to  their  shooting,  and 
since  that  to  trials  as  to  endurance  of  the  guns,  at  Woolwich,  which 
as  respects  some  of  them  are  not  even  yet  concluded.  Of  these, 

Lancaster’s,  Hadden’s, 
and  Scott’s  projectiles  are 
wholly  of  hard  material, 
and  amongst  these  in  class 
would  be  placed  Whit¬ 
worth’s  shot,  which  is  in 
section  where  it  fits  the 
chase  a  hexagon,  with  the 
angles  taken  off.  The 
projectiles  of  Armstrong’s 
shunt  gun,  and  of  the 
French  '■‘■canon  raye" 
have  the  projections  to 
fit  the  spirals,  partly  of 
hard  and  partly  of  soft 
metal,  while  Britten’s  and 
Jeffery’s  are  so  coated 
with  soft  metal  (lead,  or  an  alloy  of  lead  and  zinc)  that  nothing 
but  the  latter  enters  the  spirals  The  spirals  themselves  in  the 
gun  have  been  subjected  to  many  modifications  in  number,  size, 


Armstrong’s  Shunt  Gun — French  Rifling. 


Fig.  G24. 


Scott  and  Hadden’s  Rifling 
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of  the  machine.  The  gun  already  bored  cylindrical  is  fixed  between 
bearings,  placed  upon  cast-iron  saddles  that  are  free  to  move  in  the 
line  of  the  V-beds  of  the  machine.  Between  those  beds  is  placed 
a  guide-bar,  as  seen  in  Fig.  626,  which  is,  in  fact,  the  development 


mechanical  arrangement.  The  rifling  bar  consists  of  two  cylinders, 
one  within  the  other ;  and  the  internal  one  is,  as  seen  in  section  in 
Fig.  628,  eccentric  to  the  outer.  The  axis  of  the  outer  bar  coin¬ 
cides  with  that  of  the  gun  to  be  rifled,  and  it  is  the  slow  rotation 


Fig.  625. 


Fig.  626. 

Lancaster’s  Gun-rifling  Machine — Sectional  Elevation  and  Plan. 


upon  a  horizontal  plane  of  the  spiral  to  be  traced  upon  the  interior 
of  the  cylindrical  chase  of  the  bored-out  gun ;  and  the  gun  is  so 
connected  in  its  bearings  with  this  guide-bar  that,  when  caused  to 
move  endwise  the  length  of  its  chase,  it  also  rotates  to  the  extent 


of  this  that  determines  the  breadth  of  each  new  cut  made  by  the 
spiral  plane  or  cutter ;  as  the  gun,  after  having  been  advanced  over 
the  bar,  until  the  extremity  of  the  latter  has  reached  the  breech,  is 
again  withdrawn  from  over  it,  in  which  latter  movement  the  cut 


Fig. 627. 


Fig.  628. 


Longitudinal  Section  of  Rifling  Bar. 


Lancaster  Rifling  Machine. 


Transverse  Section  of  Rifling  Ear. 


and  in  accordance  with  the  line  of  the  guide-bar.  Thus  all  rifling 
may  be  reduced  to  spiral  planing ,  applied  to  the  interior  surface  of 
a  gun. 

Now,  in  this  case,  the  rifling  bar  which  enters  the  chase  of  the 

gun,  and  carries  the  planing 
cutter  at  its  extremity,  must  be 
so  arranged  that  the  groove  or 
out  produced  by  this  cutter  shall 
equal  the  full  depth  of  the  semi- 
Detaii  of  Cutters.  difference  between  the  major  and 

m  minor  axes  at  two  opposite  points, 

and  at  two  others  orthogonal  to  these,  shall  become  evanescent — 
in  other  words,  that  the  point  of  this  cutter  shall  describe  an 
ellipse  in  a  plane  transverse  to  the  axis  of  the  gun  or  of  the 
rifling  bar.  This  is  effected  by  an  extremely  simple  and  beautiful 


alone  is  made.  The  rotation  of  the  inner  and  eccentric  bar  within 
the  outer  determines  the  elliptical  projection  of  the  cutting-tool,  which 
also  at  the  end  of  each  cut,  is  withdrawn  (towards  the  axis  of  the 
gun),  and  at  the  commencement  is  again  projected  within  these  limits, 
by  means  of  a  wedge  acting  at  its  back  end,  and  to  which  move¬ 
ment  is  given  by  a  rod  passing  through  the  whole  length  of  the  bar 
to  its  external  end.  Those  accustomed  to  mechanical  arrangements 
will,  from  this  too  brief  description,  understand  the  simplicity  and 
elegance  of  this  tool.  It  may  be  right  to  mention  that  Lancaster 
does  not  confine  himself  to  a  mere  elliptic  section.  He  specifies  a 
section  of  chase  composed  of  two  curves,  joined  by  right  lines  which 
are  common  tangents  to  both ;  and  this,  we  apprehend,  would  be 
found  the  best  modification  of  his  method. 

The  general  excellence,  both  in  regard  to  design  and  workmanship, 
of  Mr.  Anderson’s  rifling  machine,  by  which  the  Armstrongs,  the 
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shunt  guns,  and  all  others  made  by  Government  are  now  produced, 
and  of  which  some  dozens  may  be  seen  at  work  at  Woolwich,  claims 
for  it  more  than  a  passing  notice.  The  machine  itself,  as  made 
by  Messrs.  Smith,  Beacock,  &  Tannett,  Victoria  Foundry,  Leeds,  is 
exhibited  in  Class  VII.,  No.  1715,  in  the  Western  Annexd ;  and, 
however  inadequate  may  be  a  reward  so  lavished  to  a  machine  so 
perfect,  received  a  medal  with  other  tools  by  these  makers,  Mr. 
Anderson  himself  being  precluded  as  a  juror. 

This  machine  is  self-acting  in  all  its  movements.  Unlike  Lan¬ 
caster’s  machine,  the  gun  here  does  not  move  in  the  line  of  its  own 
axis,  but  the  rifling  bar  does.  The  gun,  fixed  in  hollow  bearings, 
rotates  on  its  own  axis  per  saltum,  as  the  cut  changes  from  one 
groove  to  the  next,  as  guided  and  restricted  by  the  divided  ratchet- 
wheel  at  its  muzzle. 

The  rifling  bar  carries  several  cutters  acting  at  once,  and  all 
cutting  together,  which  is  the  grand  guarantee  for  parallelism  in 
the  groves,  and  it  is  carried  forward  into  the  cut,  and  cuts  upon 
being  again  drawn  out,  by  means  of  a  screw  with  alternate  forward 
and  backward  movements. 

The  diagonal  bar  is  the  guide  bar  or  development  of  the 
spiral,  as  already  explained ;  if  the  latter  be  of  uniform  twist,  as 
in  a  common  screw,  this  bar  will  be  straight ;  if,  on  the  other 
hand,  it  be  of  increasing  spiral,  it  will  be  as  in  Lancaster’s,  a 
curve.  The  guide  bar  is  variable  as  to  the  angle  it  makes  with 
the  end-on  motion  of  the  rifling  bar,  and  this  angle  determines 
the  amount  of  twist  given  to  the  groove  in  the  length  of  the  gun. 
The  bearing  block  that  carries  the  outer  end  of  the  rifling  bar 
and  forces  it  forward,  as  itself  urged  by  the  long  screw,  also  forces 
a  movable  piece  against  the  guide  bar.  This  piece  is  in  con¬ 
nection  with  the  horizontal  toothed  rack,  transverse  to  the  length 


of  the  whole  tool,  and  this  communicates  rotation  to  the  rifling 
bar,  and  to  the  cutters  in  its  head,  so  as  to  reproduce  in  the  interior 
of  the  gun  the  envelope  of  the  twist  or  spiral  of  which  the  guide  bar 
is  the  development. 

But  this  is  not  all ;  when  the  cut  has  been  completed  for  one 
stroke,  and  the  rifling  head  is  to  be  again  introduced  into  the  gun  to 
commence  a  second,  the  cutters  must  be  so  withdrawn,  that,  as  the 
claws  of  the  tiger  are  withdrawn  within  the  integuments  of  the  toes, 
out  of  danger  of  being  blunted  when  not  in  use,  these  shall  not  be 
blunted  by  rubbing  down  along  the  chase.  This  is  done  by  the  mo¬ 
tion  of  a  roller  and  certain  movable  pieces.  The  cutters  are  all  held 
up  to  or  withdrawn  from  their  work  by  certain  inclined  planes,  or 
wedge  pieces  (the  surface  of  a  cone,  in  fact)  in  the  interior  of  the  cutter 
head  ;  all  of  which  are  acted  upon  by  a  rod  that  passes  through  the 
hollow  centre  of  the  rifling  bar,  and  the  movement  of  which  controls 
them  all,  while  it  is  itself  controlled  by  the  master  guides  and  roller, 
which  follows  the  end-on  movement  of  the  rifling  bar;  bringing  the 
cutters  all,  and  to  equal  depth,  into  cutting  action  at  the  commence¬ 
ment  of  the  outgoing  stroke,  and  vice  versa,  and  determining  the 
final  depth  of  every  groove — the  bar,  of  course,  pulling  out  of  the 
chase  its  own  shavings  along  with  itself. 

There  are  many  details  of  this  machine  that  we  wish  space  were 
afforded  us  to  describe ;  and  we  have  also  to  regret  that  the  same 
cause  prevents  our  giving  here  the  admirable  bullet-compressing  ma¬ 
chine,  for  which  Woolwich  Arsenal  is  also  indebted  to  Mr.  Anderson. 

We  shall  now  give  in  the  following  table  the  results  of  the 
competitive  trials  of  last  year  at  Shoeburyness,  to  which  we 
have  already  referred,  as  the  most  condensed  form  in  which  we 
can  convey  a  certain  amount  of  knowledge  of  this  subject  within 
our  space :  — 


Table  I.— COMPETITIVE  TRIALS,  RIFLED  GUNS,  1861. 


1 

2 

3 

4 

5 

6 
7 


. 

Shells- 

—mean  weight  of  15  Rounds,  viz. : — 

Initial 

Endurance  of  the 

45  to  60.  inclusive. 

n  ba 

Names  of  the 

Service  Charge 
as  proposed  by 
the  Inventors. 

Special  Charge 

Velocities, 

O  cS 

Gun  under  con- 

Competitors.. 

Loaded. 

Capacity 
in  Powder 
Weight. 

ascer- 

>2 

Charge,  continued 

No.  of 
Grooves 

Twist. 

Weight 

Plugged. 

Diameter. 

Length. 

tained. 

2  s 
£ 

to  Bursting. 

Feet. 

Lbs. 

oz. 

dr. 

Lbs.  oz.  dr. 

Lbs. 

OZ. 

dr. 

Inches. 

Inches. 

Lbs.  oz. 

Ft.  perse#; 

Rounds. 

3 

l-25th 

7 

0 

0 

6  12  15 

51 

1 

6 

6-19 

12-02 

3  6 

1277 

5 

214 

burst. 

3 

l-40th 

6 

2 

0 

5  7  4 

38 

12 

14 

6-27 

11-91 

4  13 

? 

4 

309 

Oral, 

l-20th 

6 

0 

0 

46 

5 

8 

(  6’88  \ 
\6-32  / 

12-04 

4  7 

1256 

2 

burst. 

1750 

of  shell. 

remains  sound. 

Armstrong’s  Shunt 

3 

l-20th 

5 

8 

0 

l-10th  weight 
of  shell. 

50 

8 

10 

6'32 

15-08 

5  13 

? 

2 

44 

French  Rifling  Can- 

burst. 

3 

l-20th 

5 

8 

0 

l-10th  weight 
of  shell. 

54 

6 

0 

6-36 

14-04 

5  5 

9 

2 

50 

nearly. 

grooves  gave  way. 

5 

l-48th 

5 

0 

0 

6  4  12 

46 

14 

15 

624 

11-28 

3  7 

1207 

3 

1090 

remains  sound. 

7 

l-54th 

5 

8 

0 

5  15  14 

45 

7 

0 

6-26 

9-68 

2  8 

1263 

1 

248 

burst. 

Note . — All  these  guns  were  of  cast-iron,  all  of  58  cwt.,  and  bored  to  the  32  pounder  smooth-bore  calibre  =  6’375  inches.*  The  French  spiral  was  an  increasing  twist, 

from  0  to  4  65  inches  in  88  55  inches  length. 


Amongst  the  results  of  these  trials  were  these — The  Hadden  (1), 
Scott’s  (2),  and  the  French  gun  (5),  rapidly  gave  way,  by  the  grooves 
being  unable  to  resist  the  work  impressed  in  giving  the  twist ;  and, 
after  a  time,  the  bores  were  reduced  to  irregular  sorts  of  round-sided 
triangles,  with  the  angles  replaced  by  curves. 

Much  metal  was  planed  away  from  the  grooves  of  the  shunt  gun 
(4).  Jeffery’s  gun,  with  the  shallowest  grooves  and  largest  number 
— the  shot  being  also  loaded  with  a  cloth  patch,  to  centre  it  better 
— gave  the  best  practice;  and  the  Britten  and  Lancaster  guns 


showed  the  most  endurance.  The  continuous  firing  from  these  two 
last  guns  is  still  proceeding,  and  at  the  moment  we  write  the  Britten 
gun  has  withstood  above  1100  rounds,  and  Lancaster’s  more  than 
2000,  and  both,  we  believe,  are  still  sound. 

We  must  leave  to  such  of  our  readers  as  may  be  competent, 
to  draw  their  own  inferences  from  these  facts.  The  main  results 
would  not  have  been  materially  different  had  all  the  guns  been  of 
wrought-iron,  of  the  most  suitable  hardness,  in  place  of  being  of 
crumbly  cast-iron  ;  but  those  referring  to  the  wear  of  the  different 
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forms  of  grooving  would  have  been  then  much  more  instruc¬ 
tive. 

Lancaster  has  recently  (February,  1862,  No.  284)  patented  an  im¬ 
proved  method  of  strengthening  cast-iron  ordnance,  by  externally 

Fig.  630. 

tax 


Scale — |  inch  =  1  foot. 

Lancaster  Gun— Strengthened  Cast-iron  Core — Longitudinal  Section. 

hooping,  in  a  way  proposed  to  add  also  to  the  longitudinal  strength 
of  the  cast-iron  internal  piece,  of  which  Fig.  630  is  a  longitudinal 
section. 

We  do  not  believe  that  the  cast  guns  of  the  old  patterns,  and  one 
calibre  or  more  thick,  when  turned  down  and  hooped  externally,  have 

Fig.  631. 


the  smooth  bores  will  yet  be  wanted,  whenever  actual  war  shall 
have  proved  that  rifled  cannon  have  their  defects  as  well  as  their 
advantages,  and  are  not  fit  for  everything ;  next,  because  no  cast-iron 
rifled  cannon,  unless  perhaps  the  oval  bore,  can  be  made,  whose 
grooves  will  not  crumble  and  be  blown  away  within  a  few  dozen 
rounds.  The  competitive  results  above  given  are  conclusive  as  to 
this  point,  and  hence  equally  so  as  to  the  utter  worthlessness  of 
cheap  rifled  cannon,  in  which  a  preference,  on  scientific  grounds, 
is  alleged  to  be  given  to  cast-iron  interiors ;  as,  for  example,  in 
the  8r}-inch  gun  of  cast-iron  with  a  steel  jacket  cast  upon  it, 
exhibited  (2514),  and  called  a  200-pounder,  which  if  not  burst, 
would  have  the  whole  of  its  three  grooves  crumbled  into  irregular 
ruts,  by  shot  of  such  a  weight,  with  proportionate  charges,  within 
50  rounds.  The  grooving  is  Scott’s,  to  which  this  actually  hap¬ 
pened,  as  we  have  seen,  with  a  gun  of  far  less  calibre,  and  throwing 
a  shell  of  about  one-fourth  of  this  weight. 

It  is  one  thing  to  produce  a  huge  gun  that  looks  terrible  to  the 
ignorant  and  seems  very  cheap,  quite  another  to  provide  one  reliable 
and  durable  in  service.  The  difference  is  the  old  one  between  the 
razors  to  sell  and  the  razors  to  cut ;  and  this  difference,  we  have  rea¬ 
son  to  believe,  the  Confederates  have  already  learned  as  to  some 
such  guns  supplied  them  from  this  country. 

The  great  display  in  the  British  division  of  Class  11  is  made  by 
the  CONTRIBUTIONS  FROM  THE  'WAR  DEPARTMENT,  in  all 

its  divisions  of  service.  From 
the  Royal  Carriage  Depart¬ 
ment  there  is  a  very  large 
collection  of  gun  carriages 
for  garrison,  naval,  and  field 


Scale— |  inch  =  1  foot. 


Armstrong’s  New  Gun  Platform,  suitable  to  any  Radius,  for  either  Casemate  or  Dwarf — Elevation. 


failed  from  want  of  longitudinal  strength  ;  for  at  such  a  thickness  it 
may  be  proved  that  the  tendency  to  hurst  is  four  times  as  great  as  that 
to  tear  across  by  the  longitudinal  strain  (see  Mallet  on  “  Artillery,” 


&c.,  par.  285,  p.  151),  and  we  certainly  agree  with  Sir  William 
Armstrong  as  to  the  inexpediency  of  trying  to  bolster  up  the  old 
smooth  bores  in  stock  and  convert  them  into  rifles — first,  because 


service,  with  all  their  adjuncts,  including  all  the  recent  alterations 
and  improvements  made  on  these  in  connection  with  the  Armstrong 
guns.  All  are  superbly  got  up — the  material  magnificent,  the  work¬ 
manship  perfect.  The  timber  has  all  been  left  unpainted,  as  was 
right  and  proper ;  but  we  must  object  to  the  gingerbread  style  in 
which  the  ash  and  oak  have  been  glittered  over  with  varnish.  How 
much  better  it  all  would  have  looked  to  the  practical  eye,  if  painted 
the  honest  lead  colour  of  service,  with  a  few  spots  left  untouched  to 
show  the  quality  of  the  wood,  or  the  whole  left  uncovered.  Nothing 
can  look  more  inappropriate,  than  the  great  garrison  carriage  and 
slide  (in  the  centre  nave)  of  the  largest  Armstrong,  got  up,  as  it 
is,  like  a  monstrously  ugly  piece  of  clumsy  cabinetmaker’s  work — 
false,  too,  on  its  front — for  this  is  not  the  style  in  which  the  work 
of  Woolwich  carriage  yard  is  turned  out  — 
though  its  quality  is  equally  good,  and  far  more 
suitable  to  the  rough  realities  of  war. 

Few  who  have  not  had  the  advantage  and 
pleasure  of  seeing  the  carriage  department  fully 
at  work,  have  any  idea  of  the  extent  to  which 
wood-working  tools  have  been  brought  to  bear 
there.  Nearly  everything  requiring  repetition 
is  now  made  by  automatic  machinery ;  and 
whereas,  in  the  old  days  of  Vittoria,  a  battery 
of  field  artillery  per  month,  would  have  been  a 
prodigious  effort,  at  present  a  complete  battery 
could  be  completed  every  third  day. 

From  authentic  drawings  never  before  published,  and  officially 
supplied  us  by  the  Minister  of  War,  and  which  we  thus  beg  to 
acknowledge,  we  are  enabled  to  lay  before  our  readers  two  of  these 


Fig.  632. 


Scale — 3-8ths  inch  =  1  foot. 

Ammunition  Waggon  for  12-pounder  Armstrong  Battery. 
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both  of  the  old  smooth  bore  patterns  and  of  the  Armstrong’s,  and 
of  all  natures,  from  the  huge  36-inch  shell  of  the  great  mortars,  down 
to  the  grape  of  the  4-pounder. 

Of  these,  some  of  the  most  interesting  are  the  exquisitely  finished 
and  varied  forms  of  ammunition  for  the  Armstrong  guns,  including 
the  segment  shell  and  the  modifications  of,  time  and  concussion 
fuzes,  devised  for  these.  An  account  of  the  construction  of  these 
shells  and  fuzes  may  be  found  in  Mr.  Abel’s  paper  on  Projectiles, 
ante  p.  455,  and  also  the  Proceedings  of  the  Institution  of  Civil 
Engineers,  vol.  xix.,  Session  1859-GO,  and  to  which  we  must  refer 
the  reader. 

In  this  branch  of  the  display  we  remarked  with  disappointment  a 
bit  of  unworthy,  and,  where  so  much  challenges  admiration,  most 
uncalled  for  clap-trap.  A  beehive-shaped  vessel  of  a  couple  of 
feet  across  the  mouth,  is  painted  white  inside,  and  stuck  all 
over  its  interior  by  hand ,  with  fragments  of  Armstrong 
shells  as  thick  as  almonds  upon  a  Christmas  pudding;  and 
this  is  declared  to  represent  the  effects  of  such  a 
shell  exploded  in  such  a  space  and  vessel.  Even 
ignorance  can  hardly  be  so  dense  as  to  stare  with 
wonder  only,  at  this  production,  with  which  doubt¬ 
less  the  inventor  of  these  shells  has  had  nothing 
to  do. 

The  chemical  department  exhibits  Dr.  Abel’s  very 
elegant  fuzes  for  exploding  mines,  &e.,  by  inductive 
electricity.  The  eye  alone,  however,  imperfectly 
appreciates  these  contrivances,  based  upon  a  new 
chemico-physical  fact,  discovered  sometime  since  by 
the  chemist  to  the  war  department. 

In  the  Gun  Factory  Departments  the  Armstrong 
guns  themselves  are  represented  by  several  mounted, 
and  unmounted  pieces,  large  and  small,  and  by  the 
well-known  gun  trophy,  at  the  centre  of  the  class 
of  military  engineering.  In  the  latter  the  Armstrong 
gun  is  shown  in  all  its  parts,  and  in  all  stages, 
from  the  black  forgings,  up  to  tbe  completed  gun ; 
and  several  forms  of  the  beautiful  rifling  bars  to 
which  we  have  already  alluded  in  describing  Mr. 
Anderson’s  rifling  machine,  of  which  they  may  be 
considered  parts.  There  are  also  shown  in  the 
interior  of  a  single  wrought-iron  tube,  four  different 
tours  de  force ,  demonstrating  what  may  be  done  if  called  for, 
in  the  way  of  great  gun  rifling,  and  showing  that  in  fact,  any 
form  of  groove,  lande  or  rib,  uniform,  increasing,  or  decreasing 
in  spiral,  taper  in  width  or  depth,  or  even  zig-zag  (which,  we 
take  it,  will  not  be  called  for),  may  be  produced  at  will.  Here 
also  are  shown  many  of  the  steel  guages,  and  other  measuring 
instruments  of  great  precision,  employed  in  the  operations  of 
mutual  adaptation  and  adjustment  of  these  built  up  guns.  The 
value  of  precision  of  artillery  itself,  as  a  completed  tool  generally 
for  very  rough  use,  may  be  greatly  overrated ;  but  the  precision  of 
operation  in  its  manufacture,  as  here  shown,  can  never  be  so.  In 
fact,  without  this  precision  carried  as  far  as  human  skill  and  senses 
can  carry  it,  the  production  as  a  manufacture,  of  any  built  up 
guns,  is  simply  impossible  ;  and  it  is  owing  in  part  to  the  want  of 
any  such  systematized  and  disciplined  guagings  and  measurings, 
that  so  few  built  up  or  even  hooped  guns,  made  as  occasional  pro¬ 
ductions  by  private  firms,  are  worth  anything,  or  to  be  in  the  least 
degree  trusted  beforehand. 

In  giving  the  briefest  possible  sketch  of  the  mode  of  manufac¬ 
ture  of  the  Armstrong  guns,  we  must  assume  our  readers  acquainted 
with  the  principles  upon  which  a  vast  accession  of  strength  against 
bursting,  over  and  above  that  which  is  due  to  the  mere  accumula¬ 
tion  of  matter  to  the  same  extent  in  one  solid  thickness,  is  obtained 
by  building  up  a  gun,  of  whatever  material,  in  superimposed  rings 

3  p 


carriages,  which  may  be  viewed  as  types,  viz.,  in  Fig.  G31,  the 
carriage  and  platform,  either  dwarf  or  for  casemates,  of  the  heavy 
natures  of  Armstrong  guns ;  in  Fig.  632,  the  ammunition  waggon ; 
and  in  Figs.  G33,  G34,  the  field  carriage  for  the  12-pounder  and  other 
light  natures  of  Armstrong  field  gun.  The  former  carriage  and 
platform  slide,  have  been  as  far  as  possible,  adapted  to  the  new 


Fig. 633. 


Fig.  634. 

Scale — 3-8th  inch  =  1  foot. 


Block  Trail  Carriage  Armstrong  Gun,  12-pounder — Section  and  Plan. 


models,  for  obvious  reasons,  with  some  improvements  as  to  adjust¬ 
ments,  &c. 

In  the  field  gun  carriages,  the  most  remarkable  improvement, 
introduced  with  the  Armstrong  guns,  has  been  that  by  which  a  fine 
screw  adjustment  in  azimuth,  is  given  to  the  gun  without  shifting 
the  carriage.  The  trunnions  of  the  gun,  in  place  of  dropping  directly 
into  bearings  formed  in  the  cheeks  of  the  trail  pieoe  as  usual,  are 
received  in  two  plummer  blocks,  connected  together  by  a  bent  cross 
piece  of  wrought-iron  at  the  centre,  and  middle  of  horizontal  motion, 
secured  by  a  vertical  axis  or  pin  into  the  trail  timber;  a  lever 
coming  backwards  at  right  angles  to  this,  forged  in  one  with  it,  is 
moved  by  a  horizontal  screw  and  hand  wheel  crossing  the  trail 
piece,  the  vertical  elevating  and  depressing  screw  movement 
being  continued  as  formerly.  The  cheeks  of  the  carriage  sustain 
the  gun  against  recoil,  and  bear  its  weight  at  the  trunnions,  but 
leave  the  trunnion  frame  and  gun  free  to  move  several  degrees 
horizontally. 

There  are  several  other  minor  changes  from  the  old  carriages, 
either  necessitated  by  the  nature  of  the  new  gun,  or  with  special 
aims  of  amelioration.  The  small  independent  motion  in  azimuth 
is  very  far  from  being  a  useless  refinement. 

From  the  Laboratory  and  the  Chemical  Department  are  shown 
shot,  shells,  cartridges,  fuzes,  priming  tubes,  and  the  endless  parapher¬ 
nalia  of  destruction — explosive,  incendiary,  and  penetrative — and 
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Those  who  are  not  acquainted  with  these  principles,  we  must 
refer  to  our  own  work  “On  the  Physical  Conditions  involved  in  the 
Construction  of  Artillery,”  4to,  Longman,  1856,  where  the  method 
was  first  publicly  promulgated  in  English,  and  the  mathematical 
theory  of  its  laws  given  by  Dr.  Hart,  their  first  discoverer. 

The  iron  employed  for  the  Armstrong  guns  is  of  a  carefully 
selected  quality,  combining  strength,  hardness,  toughness,  fibre,  and 
the  capability  of  being  welded,  in  certain  proportions,  which  experi¬ 
ence  has  proved  to  be  best.  It  is,  in  fact,  the  nearest  approach  to 
steel  that  can  be  obtained  without  sacrificing  fibre,  toughness,  and 
the  capability  of  being  soundly  welded  without  blistering  in  the 
fire.  The  usual  specification  to  makers  for  it  prescribes  “  a  tenacity 
(ultimate)  of  about  26  tons  per  square  inch,  not  over  27  nor  under 
25  tons  ;  elongation  not  to  become  permanent  under  13  tons  tension 
per  square  inch,  nor  compression  to  become  permanent  under  14  to 
15  tons  pressure  on  like  surface.” 

Whenever  welding,  which  obliges  the  keeping  down  the  steely 
character  of  the  iron,  shall  be  totally  abolished  in  built  up  guns, 
the  standard  of  tenacity  and  of  hardness  may  be  still  further  raised  ; 
the  higher  both  are,  the  better  for  rifled  guns,  indeed  for  any  gun. 

In  Figs.  635  and  636  we  present  longitudinal  sections  of  the 
Armstrong  110-pounder,  or  7-inch  gun,  and  of  the  long  12-pounder 
for  hand  service — the  first  really  authentic  sections  of  these  guns 
that,  we  believe,  have  ever  been  published.  These  two  may  be 
viewed  as  types  of  the  whole ;  all  the  natures  of  Armstrong  guns 
admitted  into  the  service,  so  far,  being  as  follows : — 


ARMSTRONG  BRITISH  SERVICE  GUNS. 

Weights. 


Land. 

Cwts. 

82  ... 
72*  ... 

Sea. 

Cwts. 

Nature. 

...  110  pounder,) 
...  100  “  j 

garrison  and  naval  guns. 

35*  ... 

32* 

...  40  “ 

long  and  short. 

16*  ... 

12* 

...  20  “ 

long  and  short. 

8*  - 

8 

...  12  “ 

long  and  short. 

6 

— 

9  “ 

same  as  the  12-pounder,  but  lighter. 

- 

— 

6  “ 

The  short  guns  are  for  naval  and  boat  use  only.  This  is,  of 
course,  exclusive  of  such  exceptional  guns  as  the  12-ton  gun,  10  in. 
calibre,  carrying  a  spherical  shot  of  150  lbs.,  which  smashed  through 
the  Warrior  target  at  Shoeburyness ;  or  the  still  larger  ones  in  pre¬ 
paration  at  Woolwich  or  Elswick;  amongst  which  is  a  very  large 
gun  making  by  design  of  Mr.  Lynall  Thomas,  and  of  which  from 
the  particulars  we  have  learned  we  cannot  predict  well. 

Referring  now  to  Fig.  635  as  illustrative  of  all  others — the  breech 
piece  and  trunnion  ring  are  the  only  parts  forged  solid  in  the  Arm¬ 
strong  gun,  and  then  bored  out.  In  the  former  the  aim  is  to  preserve 
the  fibre  of  the  iron  in  spiral  iuterlacings  approaching  the  lengthway 
of  the  gun,  as  this  piece  mainly  bears  the  longitudinal  strain  of 
explosion.  All  the  other  parts  consist  of  rings  longer  or  shorter,  of 
various  forms  and  sizes,  the  longest  being  the  two  innermost,  or 
tubes,  that  form  the  bore  of  the  gun. 

The  iron  of  which  these  rings  are  formed,  is  delivered  in  rolled 
bars  of  trapezoidal  section  (see  article  “  Rolling  and  Casting  of 
Metals”  in  loco  for  Section),  about  30  feet  in  length  each.  These 
are  welded  up  longer,  as  wanted,  sometimes  to  120  feet  in  length ; 
and  then,  by  suitable  machinery,  this  long  bar  heated  red-hot  is 
coiled  upon  a  maundrel  (like  string  round  the  finger) ;  the  edgeway 
of  the  bar’s  section  facing  the  maundrel,  and  the  wider  edge  ot  the 
trapezoids  bar  outside.  Such  coils,  suited  in  diameter  and  length  to 
their  intended  uses,  are  then  placed  each  in  an  air  furnace,  and 
brought  to  a  welding-heat,  and  struck  on  end  heavy  blows,  and 
"  patted  ”  (as  the  affectionate  term  is)  on  the  sides,  under  the  steam 
hammer,  and  so  welded  into  short  cylindrical  hollow  rings.  For 
the  long  inner  tubes  several  of  these  are  welded  together,  end  to  end, 


or  hollow  cylinders,  each  grasping  those  within,  with  an  initial  or 
constant  elastic  tension. 
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without  removing  them  from  the  air  furnace  in  which  they  are  heated 
up  to  the  welding-point ;  by  squeezing  them  end  on,  suddenly  and 
powerfully,  at  the  right  time,  by  a  simple  but  effective  application  of 
large  screws,  the  arrangements  of  which  are  also  due  to  Mr.  Anderson. 

Now  the  effect  of  this  coiling  up  and  thus  welding  these  cylinders 
is,  that  most  of  the  fibre  of  the  bar  becomes  arranged  circumferen¬ 
tially  round  the  future  gun,  and  so  in  the  best  way  to  resist  bursting ; 
and  it  is  capable  of  demonstration,  that  with  iron  such  as  that 
adopted,  and  provided  it  be  fibrous ,  the  resisting  power  of  the  mate¬ 
rial  of  each  such  ring  to  the  explosive  strains,  over  and  above  that  of 
the  same  material  forged  in  a  solid  block  and  bored  out,  is  increased 
in  the  ratio  of  about  7  to  1. — (Mallet  on  “  Artillery,”  par.  212,  p.  113.) 
This  increase  is  altogether  irrespective  of  the  strength  received  by 
building  in  successive  rings  with  initial  tension. 

These  rings  are  now  bored  and  turned,  inside  and  outside,  and 
their  dimensions  brought  precisely  to  what  is  required,  prior  to  their 
mutual  adaptation. 

Suppose  now  the  inner  tube,  A,  so  turned  outside,  and  rough-bored 
inside,  and  the  next  tube,  b,  that  is  to  go  over  it,  finely  bored  inside, 
but  of  such  a  diameter  that  it  could  not  be  passed  over  A,  both  being 
cold.  The  tubes  A  and  B  are  then  placed  upright,  and  a  clear- 
wood  fire  is  kindled  below  B,  which  becomes  a  vertical  flue  to  the 
fire,  is  soon  heated  uniformly  to  a  low  red  heat.  Its  diameter  has 
now  become  expanded,  so  that  it  can  readily  be  dropped  down  over 
A.  It  is  so  dropped  and  superimposed,  and  A  being  kept  constantly 
cool  by  watering  the  inside,  B  is  allowed  to  cool  upon  it.  When 
cold,  B  has  grasped  A  with  an  initial  tension ,  the  amount  of  which 
is  greater,  in  some  proportion,  as  the  internal  diameter  of  B  was 
made  less,  than  the  external  diameter  of  A,  when  both  were  cold. 
In  principle  the  same  process  goes  on,  with  all  the  rings  that  go  to 
make  up  the  entire  gun.  Were  iron  or  any  other  body  in  nature 
perfectly  elastic  and  perfectly  hard,  and  all  iron  in  qualities  the  same, 
the  theory  developed  by  Dr.  Hart  would  be  capable  of  exactly 
determining  what  the  difference  of  diameter  should  be  to  produce 
the  required  amount  of  initial  tension  that,  with  a  given  total 
thickness,  and  thickness  of  each  elementary  ring,  should  give  the 
nearest  approach  to  perfect  equality  of  bursting  strain,  throughout 
the  whole  of  the  thickness  of  the  gun.  But,  as  iron  exists  in 
nature,  all  that  theory  can  do,  is  to  give  certain  le  i ding  indications 
as  to  the  conditions  that  will  give  the  best  amount  of  initial  tension, 
and  those  who  profess  to  lay  greater  stress  on  any  alleged  profound 
applications  of  theory  in  practice  are  here,  mere  charlatans.  We 
say  this  having  ourselves  had  the  earliest  and  fullest  knowledge  of 
the  mathematical  theory  from  its  discoverer  Dr.  Hart,  and  em¬ 
ployed  the  method  upon  the  very  largest  scale  in  the  construction 
of  the  36-inch  mortars,  designed  in  ringed  structure  with  initial 
tension,  anteriorly  to  Dr.  Hart’s  investigations. 

The  practice  at  Woolwich  is  based  simply  on  experience,  and 
wisely  so ;  and  we  presume  it  was  in  allusion  to  this,  that  in  the 
discussion  of  1860,  at  the  Institution  of  Civil  Engineers,  Sir  William 
Armstrong  intimated  that  he  attached  no  importance  to  any  theory 
of  superposition  with  initial  tension — a  phrase  which  appears  to 
have  been  perversely  misconstrued  by  some  of  his  opponents. 

We  can  scarcely  go  into  any  description  of  the  minor  details  of 
construction  of  the  Armstrong  gun.  All  the  service  guns  are 
breech-loaders,  with  movable  vent  pieces,  held  up  by  the  hollow 
breech  screw,  through  which  the  cartridge  is  placed  in  the  gun,  and 
bearing,  when  in  place  against  a  copper  ring  screwed  into  the  chase. 

The  minute  arrangements  of  the  adjustable  sights,  and  of  many 
other  parts,  present  great  perfection  and  beauty,  both  of  design  and 
execution.  Much  of  this  as  respects  every  portion  of  the  manufac¬ 
ture  of  these  guns  is,  we  believe,  due  to  the  admirable  boring  and 
other  tools,  and  to  the  complete  systematization  of  process,  that  have 
been  perfected  at  Woolwich  by  Sir  William  Armstrong,  and  through 
the  exertions  of  Mr.  Anderson,  C.E. 


The  method  of  loading  at  the  breech,  is  an  indispensable  adjunct  of 
the  method  of  adapting  the  projectile  to  the  rifled  grooves  employed 
by  Sir  William  Armstrong.  Breech-loading,  however,  in  whatever 
way  carried  out,  involves  a  serious  amount  of  weakening  of  the  gun, 
at  its  most  vitally  important  parts,  and  when  the  calibre  is  large 
involves  other  serious  difficulties  and  inconveniences.  These  are 
such,  that  his  arrangements  of  breech-loading  may  be  said  to  have 
reached,  if  not  surpassed  their  limits,  at  the  110-pounder  gun,  even 
with  moderate  charges.  This  and  the  demand  for  still  heavier  rifled 
guns,  produced  the  muzzle-loading  shunt  gun  of  Sir  William — an 
extremely  ingenious  device,  by  the  configuration  of  the  duplex  rifled 
groove  and  ribs  of  the  shot  (see  Fig.  623),  to  approximate  to  what 
General  Sir  John  F.  Burgoyne  years  ago  pronounced  to  be  the  legi¬ 
timate  goal  for  inventions  in  rifled  cannon,  viz.,  “a  running  shot, 
muzzle-loading,  and  so  made,  that  it  shall  stop  all  windage,  at  or 
immediately  after  the  moment  of  explosion.”  We  ourselves  still 
hold  that  to  be  the  true  view,  and  in  so  far  consider  the  shunt  gun 
as  the  most  perfect  that  Sir  William  Armstrong  has  yet  produced ; 
but  it  seems  to  us  to  have  some  not  unimportant  defects.  The  wear 
upon  the  rifled  grooves  must  be  very  great,  and  the  splitting  strain 
upon  the  gun  (over  and  above  that  due  to  the  projectile  value  of  the 
charge')  by  the  severe  compression  of  the  zinc  ribs  of  the  shot  in 
expulsion,  serious ;  while  the  correctness  of  shooting  is  far  too  much 
dependent  upon  whether  the  shot  shall  centre  itself,  by  an  equal  and 
parallel  compression  of  the  whole  three  zinc  ribs,  or  be  thrown  both 
out  of  centre  and  out  of  axis,  by  the  greater  compression  of  one  of 
them.  As  the  slightest  difference  in  hardness,  &c.,  of  the  zinc  ribs 
may  determine  this  result,  and  absolute  uniformity  cannot  possibly 
be  insured,  so  the  chances  against  perfect  flight  in  these  shot  are  very 
great ;  but  the  most  sustainable  points  of  superiority,  in  rifled  cannon 
over  smooth  bores,  are  accuracy  of  direction,  along  with  increase  of 
range ;  if  the  former  be  not  the  most  perfect  possible,  the  latter  is 
of  greatly  diminished  value. 

Sir  William  Armstrong  patented  a  new  arrangement  of  “  sliding 
horizontal  wedge”  for  breech-loading  (25th  March,  1861,  No.  743), 
and  this  arrangement  is,  we  believe,  that  exhibited  as  applied  to  a 
heavy  gun.  We  observe,  however,  that  the  patent  has  not  been 
proceeded  with ;  it  rather  increases  tire  weakening  of  the  gun  due 
to  the  old  plan. 

Mr.  Joseph  Whitworth  produces  a  large  display  of  guns  ami 
projectiles  prepared  on  his  system,  which  differs  in  many  points 
from  that  of  his  great  competitor  and  rival,  Sir  William  Armstrong. 
Whitworth  for  a  considerable  time  rejected  “  built-up  ”  guns,  and 
formed  all  natures  of  his  ordnance,  however  heavy,  of  solid  masses 
of  what  is  called  “  homogeneous  metal,”  a  puzzle-the-vulgar  phrase, 
for  tough  steely  iron,  without  fibre,  i.e.,  with  minute  saccaroul 
crystallization.  Latterly,  however,  he  has  employed  for  his  larger 
guns  in  many  instances  this  material  in  heavy  thicknesses,  for  an 
internal  tube,  reinforced  at  the  breech-end  with  one  or  more  plies 
of  rings,  of  the  same,  or  of  other  qualities  of  iron,  shrunk  on  with 
initial  tension ;  and  in  this  we  are  quite  sure  he  is  right. 

Whitworth’s  guns  are  most  of  them  muzzle-loaders  ;  and  he  has 
been  apparently  only  forced  into  devising  his  own  peculiar  form  of 
breech-loader,  by  the  ignorant  and  interested  clamour  that  has  been 
raised  in  favour  of  breech-loading,  insisting  upon  imaginary  values 
and  virtues  which  it  does  not  possess ;  indeed,  all  its  real  virtues 
and  applicabilities  might  be  summed  up  in  a  few  sentences.  This 
much  we  feel  bound  to  say,  that  if  breech-loading  must  be  employed, 
Whitworth’s  arrangement  is,  to  our  views,  greatly  to  be  preferred, 
as  it  leaves  the  breech  part  of  the  gun  (the  vital  point)  much  less 
reduced  in  strength,  than  does  that  of  Sir  William  Armstrong.  For 
large  heavy  guns,  however,  the  one  arrangement  becomes  just  as 
unworkable  as  the  other. 

Whitworth’s  cannon  are  bored  cylindrical,  and  then  rifled  to  a 
hexagonal  form — the  sides  of  the  figure  not  quite  joining,  but  being 
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connected  by  narrow  strips  of  the  cylinder  left  between  them.  Thus 
both  the  bore  of  the  gun  and  the  mid  section  of  the  n  jt  are  twelve¬ 
sided,  the  duodecagon  having  alternate  long  and  very  short  sides. 
The  twist  is  uniform,  and  for  all  natures  varies  from  one  in  twenty, 
to  one  in  twenty-two  calibres.  It  is  the  most  rapid  twist  that  has 
been  employed  by  any  rifle  artillerist.  Mr.  Whitworth  attaches 
great  importance  to  this  extreme  suddenness  of  twist,  and  conse¬ 
quent  high  velocity  of  rotation  of  his  shot  in  flight.  We  cannot 
avoid  thinking,  however,  that  he  has  carried  this  velocity  of  rotation 
far  beyond  what  is  at  all  necessary  to  insure  as  great  accuracy  in 
flight  (and  especially  in  the  heavy  natures  of  projectiles)  as  is  im¬ 
portant,  or  that  can  be  supported,  by  the  other  conditions  unavoid¬ 
able  in  practical  gunnery. 

Our  conclusion  is  not  shaken  by  the  fact  that  we  cannot  find 
that  Mr.  Whitworth  (or  indeed  any  one  else  as  yet)  has  established 
on  fundamental  'principles  a  necessary  velocity  of  rotation,  for  a 
given  projectile,  with  given  initial  velocity,  such,  that  it  shall  within 
a  given  range,  maintain  a  given  ratio  of  deviative  inaccuracy  ;  and 
until  this  be  done,  the  ipse  dixit  that  an  enormously  high  velocity,  or 
any  particular  velocity  of  rotation,  is  indispensable,  is  mere  empiri¬ 
cism. 

If  Whitworth’s  velocity  of  rotation  be  excessive,  for  procuring  all 
practically  useful  accuracy,  then  is  he  sacrificing  to  it,  two  of  the 
highest  points  of  merit,  of  his  guns  and  their  practice — viz  ,  wasting 
the  strength  of  his  gun  on  rotation,  which  might  otherwise  be  de¬ 
voted  to  resisting  a  larger  charge,  so  as  to  produce  a  still  greater 
initial  velocity  of  shot. 

Whitworth’s  projectiles  are  of  two  forms  and  two  materials.  For 
ordinary  service,  both  shot  and  shell  are  elongated  parabolic  spindles, 

curtate  in  the  rere  by  a 
plane  transverse  to  the 
axis  (Fig.  637  and  638), 
and  are  made  of  cast-iron. 
For  penetrative  purposes, 
against  armour  plates  in 
Whitworth  Shot.  particular,  he  employs  a 

parabolic  spindle  of  homo¬ 
geneous  iron  or  of  tempered  steel,  curtate  at  both  ends  (Fig.  639), 
the  forward  or  striking  end  being  slightly  convex  in  late  examples. 
The  length  varies  from  three  to  five  calibres.  The  shot  fit  the  guns 
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Whitworth  Shot 

with  extremely  little  windage — as  little,  in  fact,  as  will  enable  them 
to  be  rammed  home  in  the  muzzle-loaders;  and  in  the  case  of  the 
smaller  natures  of  breech-loaders,  we  believe,  even  less.  The  shot 
are  cast  in  dry  sand,  moulded  by  very  simple  but  effective  tools, 
and  are  afterwards  tripped  over  in  the  lathe,  and  the  six  spiral  flancs 
planed  upon  them  by  peculiarly  adapted  machines. 

The  first  form  of  shot  approaches  much  more  nearly  to  what 
Piobert  has  shown  to  be  the  form  of  least  aerial  resistance,  than 
that  of  any  other  before  the  world.  The  result,  of  having  produced 
an  extremely  strong  gun,  competent  to  bear  the  explosion  of  a  com¬ 
paratively  heavy  charge  with  a  very  elongated  and  therefore  relatively 
heavy  projectile,  and  by  construction  and  exactness  of  workmanship, 
having  so  exactly  adapted  his  gun  and  his  projectile  together,  that 
there  is  practically  almost  no  windage,  while  the  whole  force  of  the 
explosion  is  absorbed  in  producing  the  rotation  and  flight  of  the  shot, 
and  none  absorbed  in  its  deformation —is,  that  Whitworth  may  justly 


boast  of  having  conferred  the  highest  velocity  upon  a  large  projectile 
ever  yet  given  by  man.  Thus  it  is  that  he  has  realized  an  initial 
velocity  in  his  smaller  natures  of  shot  of  very  nearly  2000  feet  per 
second.  The  following  will  serve  to  compare  this  with  the  velocities 
of  other  ordnance  : — 

Table  III.— INITIAL  VELOCITIES 

At  45°  elevation,  36-inch  shells, .  500  to  600  feet  per  second. 

“  “  13-inch  shells .  800  “  “ 

Hollow  shot  (level),  10  inch  gun, .  1200  to  1300  ‘  “ 

“  “  8-inch  gun, .  1400  to  1500  “  “ 

Solid  shot  “  68-pounder, .  1600  feet  nearly  per  second. 

“  “  32-pounder, .  1690  “  “ 

Whitworth,  70-pounder,  .  1260  <l  “ 

“  12-pounder .  1905  “  “ 

All  these  are  round  numbers.  We  believe  the  velocity  of  the 
Armstrong  shot  from  the  breech-loaders  has  not  exceeded  from  1100 
to  1200  feet  per  second.  With  the  shunt  gun  there  is  no  reason 
why  he  should  not  equal  that  of  Whitworth. 

The  penetrative  power  of  any  shot  against  a  nearly  rigid  body, 
such  as  an  armour  plate,  being  proportionate  (neglecting  some  small 
quantities)  to  y 2 

“IT 

M  being  the  mass,  V  the  velocity  of  impact,  and  D  the  calibre  of 
the  projectile  ;  while  the  resisting  power  of  the  armour  plate  (again 
neglecting  small  quantities)  is  only  proportionate  to 

M  X  D  V 

M  being  the  mass  cut  or  broken  out,  D  its  diameter,  and  V  the 
velocity  with  which  it  is  cut  or  fractured  out :  it  is  obvious  how 
enormous  is  the  advantage  that  Whitworth  obtains  by  this  high 
velocity  and  small  diameter  of  projectiles. 

Accordingly  in  almost  the  latest  experiments  that  have  been 
made  with  his  guns  at  Shoeburyness,  he  succeeded  in  distancing  all 
competitors  as  to  penetration  of  armour  plates  with  small  projectiles, 
having  driven  his  3-inch  elongated  shot  through  plates  of  nearly 
their  own  calibre  in  thickness,  and  struck  out  holes  with  his  70- 
pounder  through  the  4J-inch  plates  and  18-inch  teak  backing  of  the 
Warrior  target ;  and  not  only  shot,  but  shells  with  flat  ends,  made 
of  homogeneous  iron,  very  thick  in  proportion  to  their  size,  and 
containing  powder  alone,  without  any  fuze  whatever,  were  driven 
through  these  plates.  It  was  proved  that  at  this  immense  velocity 
of  impact,  the  powder  is  exploded  at  the  instant  of  the  shell  passing 
through  the  plate,  by  the  concussion,  compression,  and  heat  con¬ 
jointly,  evolved  by  the  blow  upon  the  plate,  and  that  at  this  great 
residual  velocity  the  effectsof  the  explosion  are  to  a  greatextent  passed 
on  into  the  interior  S’de  of  the  plate,  i.e.,  into  the  ship.  These  are 
great  and  brilliant  results  undoubtedly.  The  per  contra  side  of  the 
account  is,  that  with  any  heavy  natures  of  guns,  even  with  the 
70-pounder,  it  is  extremely  doubtful  that  any  gun  can  be  made  to 
stand  uninjured  the  strain  of  the  explosions  to  produce  these 
velocities,  or  therefore  to  stand  more  than  a  few  rounds ;  and  to 
omit  all  besides,  unless  a  gun  be  of  such  a  character  (whatever  be 
its  power)  as  to  give  to  those  who  handle  it  moral  confidence,  it 
had  better  never  be  at  all.  The  perforatiens  made  by  the  Whit¬ 
worth  projectiles  in  armour  plates  at  this  high  velocity,  consist  of, 
a  nearly  clean  hexagonal  hole,  of  about  the  same  diameter  as  the 
shot,  struck  through  the  plate,  with  parallel  sides  not  quite  square 
to  the  face,  for  about  2-3rds  through  its  thickness ;  the  remainder 
(in  an  unbacked  plate)  being  a  fracture  roughly  in  the  shape  of  a 
conic  frustrum,  whose  widest  base  is  rather  more  than  double  the 
diameter  of  the  shot.  Such  apertures,  even  from  a  70-pounder,  are 
mere  drill  holes,  with  few  splinters  from  plate  or  shot,  and  scarcely 
any  injury  to  the  bolts  or  other  fastenings  of  the  plates ;  the  case  is, 
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in  fact,  an  approach,  as  respects  the  last,  to  the  old  experiment  of 
shooting  a  candle  through  a  door,  without  moving  it  on  its  hinges ; 
and  these  clean  small  holes  are  easy  to  plug.  In  a  word,  the  work 
is  too  well  done,  for  the  destructive  damage  to  be  desired,  and  is 
probably  more  striking  as  a  tour  de  force ,  than  for  any  important 
practical  results  in  warfare  to  which  it  will  lead. 

It  is  alleged  also  that  Whitworth’s  twelve-sided  shot  dig  into 
even  the  hard  metal  of  his  superbly  executed  guns  at  the  six  lead¬ 
ing  angles,  to  a  very  serious  extent,  and  rapidly  weaken  them  in 
thickness  here,  and  increase  the  windage  of  all  natures  of  them. 
Having  said  so  much  in  the  exercise  of  the  criticism  for  which  we 
are  called  upon,  and  in  which  our  endeavour  is  to  be  impartial,  we 
cannot  avoid  adding  that  we  do  not  think  Whitworth,  so  far,  has  quite 
had  fair  play  from  the  War  Department ;  and  we  have  heard  with 
great  pleasure  that  a  field  battery  of  his  guns,  has  at  length  been 
equipped,  for,  it  is  to  be  hoped,  a  full  and  complete  course  of 
experiments  in  all  practical  directions,  in  comparison  with  other 
systems. 

Mr.  Whitworth  exhibits  (2612)  • — 

1.  6-pounder  muzzle-loader  on  a  field  carriage,  with  Whitworth’s  patent 
elevating  sights. 

2.  6-pounder  breech-loader,  not  mounted,  with  the  beautifully  contrived 
forceps  for  extracting  the  remains  of  the  tin  cartridge  from  the  gun. 

3.  1 -pounder  muzzle-loader,  on  field  carriage. 

(All  the  preceding  are  of  homogeneous  metal  in  single  thickness.) 

4.  32-pounder  naval  gun,  mounted  on  naval  slide  carriage.  This  gun  is 
built  up,  at  the  breech  part,  in  three  superimposed  plies.  The  inner  tube  is 
of  homogeneous  iron,  and  the  rings  of  fibrous  iron.  The  gun  has  double 
sights. 

5.  Shot  and  shell  of  cast-iron  of  various  natures,  from  120-pounder  down  to 
1 -pounder. 

6.  The  moulds  and  tools  for  casting  them. 

7.  The  shot,  of  tempered  steel  with  flat  ends,  70  lbs,  that  penetrated  the 
4  j  inch  plates  of  the  Trusty  floating  battery,  in  May,  1860,  or  1861,  when 
fired  with  a  charge  of  £th  its  weight. 

With  a  12-pounder  and  l-75  lbs.  powder, Whitworth  has  attained 
a  range  at  35°  of  10,000  yards,  or  nearly  6  miles,  about  the  same 
distance  that  an  old-fashioned  musket  bullet  would  go,  if  in  vacuo , 
at  45°  elevation. 

Fig.  640. 


Result  of  Experiments  with  Fawcett,  Preston,  &  Co.’s  Steel  4-Poumler 
Mountain  Gun,  weighing  214  lbs. ;  weight  of  carriage,  250  lbs. 


Yards. 

Yards. 

At  1° 

.  670 

At  7° 

,  , 

.  1980 

2° 

910 

8° 

,  , 

.  2150 

3° 

.  1150 

9° 

,  . 

.  2350 

4° 

.  1390 

10° 

.  2550 

5° 

c  1620 

11° 

,  , 

.  2740 

6° 

,  1800 
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There  is  a  capitally  constructed  light  ammunition  cart,  also  of 
iron,  to  which  the  gun  limbers  up — better  than  any  that  we  had 
deemed  it  possible  to  fabricate  of  iron. 

They  also  exhibit  what  we  deem  their  very  best  production — a 
wrought-iron  boat  slide,  adapted  with  much  ingenuity  and  complete¬ 
ness  to  their  field  guns,  as  seen  in  Fig.  641,  so  that  by  simply  taking 
off  the  wheels,  and  stowing  them  in  the  boat,  the  field  gun  becomes 
an  effective  light  naval  or  boat  gun,  which  may  in  a  few  minutes  be 
landed,  its  wheels  put  in  place,  and  the  gun  run  off,  as  for  field 
service  again. 

Fig.  641. 


Fawcett,  Preston,  &  Co.’s  Field  Gun. 

Amongst  the  few  other  British  rifled  guns  worthy  of  notice 
are  those  of  Fawcett,  Preston,  &  Company,  Liverpool  (2534),  who 
exhibit  their  serviceable  little  steel  rifled  mountain  or  light  field  gun, 
upon  an  iron  carriage  with  wooden  wheels  (Fig.  640),  of  which  it  is 
rumoured  that  a  large  number  have  found  their  way  out  to  the 
Confederates,  and  the  general  practice  of  which,  in  two  natures,  is 
presented  by  the  following  tables  : — 


Fawcett,  Preston,  &  Co.’s  Boat  Gun  Slide. 

Lancaster  exhibits  his  oval-bore  cannon  and  shells,  as  well  as  his 
shoulder  rifles,  the  shooting  of  the  latter  of  which,  in  the  hands  of 
the  sappers  and  miners,  has  not  been  surpassed.  We  have  already 
referred  to  his  arrangements,  and  shall  have  again  to  recur  to  them. 

Mr.  Woolcombe’s  peculiar  form  of  rotating  projectile— the  disc 
shot— must  not  be  passed  unnoticed  (exhibited  under  No.  2616). 
He  gave  an  account  of  these  to  the  Royal  Society  at  the  end  of  last 
session,  an  abstract  of  which  appears  in  its  Proceedings. 

By  the  introduction  of  two  metallic  slips,  equal  segments  of  a 
cylinder  by  planes  parallel  to  and  equidistant  from  the  axis,  intro¬ 
duced  into  a  cylindrically-bored  gun,  he  converts  it  into  one  the 
form  of  whose  bore  is  such  that  it  can  discharge  a  projectile  the 
shape  of  a  Gloucester  cheese,  edgewise,  and  with  its  circumference 
in  a  vertical  plane.  By  keeping  the  centre  of  gravity  of  this  pro¬ 
jectile  slightly  out  of  its  centre  of  figure,  and  giving  a  determinate 
position  to  these  centres  when  rammed  home,  he  is  enabled  to 
communicate  a  rapid  rotation  to  the  shot  in  the  plane  parallel  to  its 
faces  as  it  flies.  It  results  from  principles  as  given  first  in  fundamental 
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form  by  Poinsot,  and  since  developed  into  the  gyroscope,  and  which 
admit  of  no  doubt  in  their  present  application,  that  a  very  powerful 
directing  agency,  as  against  some  of  the  causes  of  deviation  of  pro¬ 
jectiles,  will  be  thus  evolved,  and  undoubtedly  some  nameable 
difficulties  of  rifled  ordnance  got  rid  of.  We  apprehend,  however, 
that  some  new  difficulties  of  by  no  means  light  character  must  be 
also  introduced.  We  cannot  discuss  the  plan  further  here,  but  we 
think  it  quite  worthy  of  a  more  precise  and  searching  considera¬ 
tion,  both  theoretic  and  experimental,  than  appears  yet  to  have 
been  given  it.  We  heard  objections  made  to  it,  and  let  pass 
unchallenged,  at  the  Cambridge  British  Association  Meeting  recently, 
which  only  proved  the  schoolboy  want  of  knowledge,  of  the  few  who 
pretended  to  discuss  a  problem,  not  quite  so  flippantly  to  be  dealt 
with. 

Neither  can  we  pass  wholly  without  record  Hales’  fine  war 
rockets  (2545),  though  our  limitation  strictly  to  ordnance, 
obliges  us  to  avoid  the  remark  and  praise  they  merit ;  nor 
Colonel  Lane  Fox’s  ingenious  and  useful  model  for  illus¬ 
trating  the  principles  of  gunnery  in  the  case  of  projectiles 
supposed  to  move  in  vacuo. 

Foreign  nations  who  send  anything,  send  almost  exclu¬ 
sively  rifled  guns.  Amongst  those  Austria,  all  the  Duchies 
and  small  German  States,  Bavaria,  Portugal,  Greece,  and 
Turkey  send  nothing — not  certainly,  because,  as  respects  some  of 
these  at  least,  they  have  nothing  to  show.  The  government  of  the 
Pope — that  man  of  peace — of  course  sends  nothing  warlike,  not 
even  the  stiletto  of  a  brigand. 

ITALY,  which  appears  in  the  Catalogue  as  having  sent  nothing 
but  the  pomp  and  circumstance  of  war,  in  “  scarves  and  plumes  for 
the  Bersaglieri,”  has,  however,  at  a  later  period  shown,  the  Cavalli 
cast-iron  breech-loading  rifled  gun,  with  a  model,  of  a  by  no  means 
well-designed  embrasure  with  iron  blindages  adapted  to  it;  and  also 
two  of  their  bronze  rifled  field  guns,  fully  mounted,  such  as  helped 
to  win  the  day  at  Solferino.  These  are  muzzle-loaders,  of  nearly 
the  old  external  forms,  but  heavier  and  stronger  in  proportion  to 
calibre.  The  rifling  consists  simply  of  six  equidistant  shallow  flat- 
bottomed  grooves,  each  about  f  inches  wide  at  bottom.  This  is 
also  the  character  of  the  bronze  rifled  field  gun  shown  by  Spain  (in 
the  nave),  both  closely  coinciding  with  the  French  field  guns  as 
employed  in  the  Italian  campaign. 

Astounding  as  a  range  of  six  miles  appears  to  the  mass  of  readers, 
such  ranges  are  of  no  practical  value  whatever.  The  real  tactical 
value  (whether  more  or  less)  of  rifled  field  artillery  consists  in  this, 
that  it  has  enabled  the  old  range  at  which  field  guns  were  brought 
into  effective  action,  to  be  about  doubled,  and  restored  their  balance 
in  some  degree,  with  rifled  small  arms. 

These  bronze  rifled  cannon,  though  very  inferior  in  several 
respects  to  guns  of  wrought-iron  or  of  steel,  are  quite  competent  to 
sustain  the  above  conditions,  and  probably  to  bear  a  great  deal  of 
continuous  service  with  the  low  charges  that  are  alone  necessary 
for  any  practically  useful  range  in  the  field ;  and  certainly  are  much 
more  workable,  rough  and  ready  instruments,  than  either  Arm¬ 
strong’s  or  Whitworth’s. 

SWITZERLAND  (137)  produces  a  4-pounder  rifled  gun  upon  a 
wrought-iron  carriage  with  wooden  wheels  (Figs.  642,  643)  of  which 
the  following  description  has  been  furnished  us,  together  with  the 
drawings,  by  the  designer  and  constructer  Herr  N.  Riggenbach 
(director  of  the  Central  Swiss  Railways  Company’s  Works  at  Olten), 
who  has  produced  such  guns  for  his  own  Government,  i.e.,  that  of  the 
Swiss  Federation.  Two  of  these  gun  carriages  have  been  in  constant 
use  during  the  last  four  months  in  the  Federal  School  of  Artillery 
at  Thun,  and  the  Federal  Government  has  now  given  orders  for 
the  construction  of  100  carriages  on  the  same  principle  for  rifled 
4-pounder  guns.  These  gun  carriages  are  wholly  of  wrought-iron 
with  the  exception  of  the  wheels.  The  weight  of  the  carriage  is 


9  cwt.,  being  rather  less  than  that  of  the  old  wooden  carriages.  The 
horizontal  and  vertical  directions  of  the  gun  are  given,  by  means  of 
screw  movements,  with  ease  and  accuracy  by  one  man.  A  step  is 

Fig.  642. 


Fig.  643. 

Scale — §  in.  =  1  foot. 

Swiss  Gun. — Elevation  and  Plan. 

hinged  to  the  carriage  upon  which  two  men  can  stand  as  the  carriage 
is  drawn  along,  the  men  holding  on  by  the  two  handspikes  used  for 
pointing  and  raising  the  gun,  which  are  then  inserted  vertically  into 
iron  rings,  fast  to  the  axle  on  each  side  of  the  gun.  When  not 
required,  the  steps  can  be  turned  up.  They  are  stated  to  have  a 
smaller  recoil  than  the  old  wooden  carriages.  The  price  at  Olten 
of  such  a  gun  carriage  fitted  complete  is  £56  ;  for  an  extensive  order 
rather  less.  The  works  in  Olten  are  capable  of  turning  out  thirty 
carriages  per  month. 

PRUSSIA  produces  by  Berger  &  Company  of  Witten,  Arnsberg, 
Westphalia  (1379),  a  cast-steel  field  gun,  mounted  on  a  wrought- 
iron  carriage,  as  shown  in  Figs.  644,  645,  and  646. 


bCAle  — 5  in.  =  1  foot. 

Prussian  Gun — Elevation. 

The  gun  is  of  cast-steel,  and  as  a  breech-loader  is  something  nearly 
on  the  plan  of  Whitworth’s— the  breech-piece  screwing  home  inter¬ 
nally  with  a  very  coarse  square  thread,  and  hinged  to  turn  off  at  the 
side  when  open.  It  closes  against  a  circular  V-shaped  edge  that 
enters  a  corresponding  groove  in  the  breech-piece,  as  in  Fig.  645, 
and  whose  action  in  closing  against  escape  of  gas  is  peculiar. 
The  gun  has  a  calibre  of  3|  English  inches,  and  the  form  of  rifling 
is  shown  at  full  size  in  Fig.  646.  There  are  eighteen  angular 
grooves,  each  0  05  in  depth  by  0  375  inches  in  width.  The  length 
of  the  gun  is  80  inches,  and  that  of  the  chase  available  for  propul¬ 
sion  about  65  inches.  The  projectile  is  a  lead-coated  one,  and 
generally,  the  rifling,  and  forcing  the  soft  projectile  through  the 
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grooves,  and  compelling  the  form  of  the  latter,  to  be  taken  by  the 
lead,  are  analogous  to  Armstrong’s.  The  projectile  weighs  nearly 
Fig  e4S  14-5  lbs.,  and  the  charge 

employed  is  from  650  to 
700  grammes  of  powder 
(about  1^  pounds  avoir¬ 
dupois);  with  the  latter 
charge  a  range  of  6000 
paces  has  been  obtained — 
the  elevation,  however,  is 
not  given.  The  diameter 
of  the  gun  at  the  breech  is 
10  inches  externally,  and 
in  advance  of  the  reinforce 
for  the  screw,  only  8'5 
inches,  so  that  the  gun 
here,  where  the  chamber 
is  3'75  inches  diameter,  is 
only  2'375  inches  in  thick¬ 
ness,  which,  with  every 
allowance  for  the  material 
of  which  it  is  made,  seems 

Fie.  640. 


Scale — £  in.  to  1  foot 


Horizontal  Section  and  End  Elevation  of  the  Section  of  Rifling,  full  size 

Breech  of  Rifled  Prussian  Gun. 


decisively  weak.  The  gun-carriage  has  a  cast-steel  axle,  and  plate 
and  angle-iron  cheeks  and  trail.  The  gun  has  no  fine  screw-move¬ 
ment  in  azimuth,  but  has  the  usual  elevating  screw.  The  wheels 
are  wood,  of  the  usual  construction,  but  hooped  in  one  piece  with 
shrunk  on  tyres.  It  is  stated  to  us,  upon  good  authority,  that 
this  gun  and  carriage  have  been  designed  by  one  of  the  most  dis¬ 
tinguished  artillery  officers  in  the  Prussian  service,  and  although  to 
its  details,  many  objections  may  be  raised,  none  can  be  made  to  its 
execution,  for  which  alone  Berger  &  Company,  the  makers,  are 
responsible.  From  their  works  at  Witten  they  have  supplied  to 
the  Prussian  Government  great  numbers  of  cast-steel  gun  blocks, 
from  which  the  field  artillery  of  that  power  has  been  produced. 
That  artillery,  however,  is  not  according  to  the  design  here  shown, 
nor  has  the  Prussian  Government  thought  proper  to  display  what  they 
have  concluded  upon,  and  in  part  prepared,  in  the  now  universal 
European  race  for  rifled  artillery.  Berger  &  Company  have  also 
made  for  their  own  Government  enormous  supplies  of  cast- 
steel  barrels,  which  are  delivered  by  them  roughly  bored  and 
ground,  to  be  finished  into  the  zundnaddgewehr  in  the  Prussian 
arms  factories. 

These  two  last-mentioned  guns,  are  the  most  remarkable  examples 
exhibited,  of  mounting  for  field  service  wholly  in  wrought-iron.  It 
would  be  superfluous  to  draw  distinctions  of  merit  between  them,  for 
wrought-iron,  as  mounting  for  field  guns,  is  radically  a  mistake  as  to 
material.  Proposed  more  than  thirty  years  ago,  it  was  fully  examined 
and  experimented  on  in  France,  and  wisely  decided  against.  It  has 
nothing  but  the  questionable  merits  of  durability  against  decay,  and 
cheapness,  to  recommend  it,  while  the  fact  that  if  struck  by  a  shot, 
especially  if  of  tolerably  large  size  and  with  not  very  great  velocity, 
the  one  blow  shakes  the  whole  frame,  so  as  at  once  to  make  the  gun 
unserviceable,  is  conclusive  against  it.  The  splinters,  though  fewer 
perhaps,  are  more  destructive  and  in  a  wider  rayon  than  those  of 
wood ;  and  a  carriage  of  the  latter  may  be  perforated  many  times, 
and  parts  even  shot  away,  and  yet  suffice  still  to  work  the  gun,  or 
bring  it  out  of  action. 


What  may  be  done  with  cast-steel,  in  the  formation  of  heavy  guns 
has  been  shown  well  by  Herr  Krupp,  of  Essen  works,  in  his  amazing 
display  of  these  products.  He  exhibits  the  following  guns : — 


1  4-pounder  spherical  muzzle-loader,  . 

Calibre. 

Inches. 

.  3-41 

Weight. 

Founds. 

595 

1  25-pounder  breech-loader,  .. 

.  375 

1965 

1  40-pounder  “  .  , 

.  4-75 

3612 

1  100-pounder  “  , 

.  7-00 

7709 

1  G8-pounder  (spherical),  ,  „ 

8  12 

8365 

1  unfinished  gun,  .  , 

.  9-00 

18000 

These  are  superb  masses  of  steel,  bright  as  mirrors  when  bored 
or  turned,  and  without  even  a  microscopic  flaw  anywhere,  and  will 
doubtless  be  guns  of  enormous  proportionate  strength  and  endur¬ 
ance.  For  all  small  natures  of  guns,  say  up  to  24-pounders,  rifled 
or  spherical,  we  see  no  reason  to  alter  the  opinion  expressed  after 
careful  examination,  in  1855  (Mallet  on  “Artillery,”  par.  267, p.  140), 
that  they  are  lest,  as  well  as  most  economically  made,  by  rolling 
solid  or  in  one  piece,  whether  of  wrought-iron  or  of  steel ;  with 
an  ample  excess  of  strength  which  no  consideration  of  weight  need 
prevent,  in  such  guns,  for  any  sort  of  service.  But  for  any  large 
guns,  such  as  many  of  those  exhibited  by  Krupp,  production  in 
one  solid  mass  seems  a  mistake ;  however  good  the  material  (and 
we  believe  none  so  good  as  uniform,  tough,  mild  steel),  it  is  only 
employed  to  the  best  advantage  in  built  up  rings,  and  the  result  of 
ignoring  this  advantage  of  structural  strength,  is  to  oblige  the  sub¬ 
stitution  for  it,  of  the  ponderous  and  awkward  massing  of  crude 
material,  that  we  behold  in  those  larger  guns  of  Krupp’s,  which  in 
service  would  be  found  almost  as  awkward,  as  the  very  similarly 
formed  American  bottle-shaped  guns,  of  15  or  more  tons  of  cast- 
iron  each — six  of  which  grace  the  Arsenal  yard  at  Woolwich  since 
the  Crimean  war. 

Krupp  has  supplied  above  one  thousand  steel  guns  of  various 
sizes  to  his  own  and  other  governments.  A  9-pounder  supplied 
by  him  to  our  Government  as  long  ago  as  1853-54,  was  found 
literally  impossible  to  burst  at  Woolwich. 

RUSSIA  exhibits  (326)  a  finely-finished  and  well-proportioned 
smooth  bore  12-pounder,  alleged  to  be  of  unhammered  cast-steel, 
and  of  ample  strength  to  bear  rifling  ;  the  design,  and  we  are  led 
to  believe  the  execution,  are  those  of  Colonel  Obookhoff,  of  the 
Orenburg  Government. 

FRANCE,  amongst  her  industrial  products,  also  shows  two  smooth 
bore  guns  of  3j  inches  nearly  calibre,  made  of  cast-steel  produced 
by  the  Bessemer  process.  They  are  of  the  old  forms,  and  not 
remarkably  well  proportioned. 

Steel  gun-blocks  are  exhibited  by  Naylor,  Vickers,  &  Company, 
and  we  may  add  that  M.  Bessemer  himself  has,  at  his  works  at 
Sheffield,  produced  a  large  number  of  gun  blocks,  forged  from  cast- 
steel  produced  by  his  patent  process,  which  appeared  to  us  upon 
recent  examination  to  be  of  excellent  quality. 

The  NETHERLANDS  exhibit  nothing  worthy  of  special  notice. 
No.  166  is  their  only  item,  a  not  very  promising  plan  of  converting 
their  smooth-bored  bronze  field  guns  into  rifled  pieces,  by  running 
the  bores  full  with  melted  bronze,  and  continuing  the  stream  until 
the  old  and  new  metals  shall  have  united,  and  then  boring  out  the 
solid  core  to  a  reduced  calibre,  and  rifling  the  chase. 

NORWAY  (70,  71,  74),  and  SWEDEN  (312,  313,  315,  316,  317, 
320),  exhibit  several  objects  of  interest ;  amongst  these  is  a  garrison 
gun  mounted  upon  a  cast-iron  carriage,  so  contrived  that  the  gun, 
on  recoiling,  slides  up  a  pair  of  steep  inclined  planes  upon  its 
trunnions,  and  falls  back  again  into  its  place  when  its  weight 
has  exhausted  the  recoil.  The  idea  is  not  new  ;  and  the  mode,  or 
at  least  the  proportions  by  which  it  is  here  proposed  to  carry 
it  out,  appear  not  likely  to  be  successful.  Without  actual  trials 
however,  no  definite  opinion  could  be  hazarded.  This  gun  is  of  the 
fine  Swedish  mottled  cast-iron  {/ante  truitee)  run  direct  from  the 
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charcoal  cold-blast  furnace,  and  is  rifled  and  breech-loading.  The 
arrangement  of  the  breech  could  not  be  made  clear  without  detailed 
drawings  ;  it  is,  however,  very  simple,  and  probably  as  good  as  any 
other  proposed  for  heavy  guns. 

Field  and  breech-loading  guns  of  cast-iron,  made  at  Finspong 
Iron  Works,  are  also  shown.  These  are  from  the  designs  of  Lieu¬ 
tenant  C.  Engstrom,  and  the  rifled  shot  have  this  peculiarity,  that 
the  wings  or  projections  of  the  cast-iron  shot  are  formed  of  hard¬ 
wood.  This  method  of  forming  rifled  shot  was  proposed  by  the 
author  of  this  article  in  May,  1852,  and  was  subsequently  published 
in  the  Mechanic's  Magazine.  It  seems  worthy  of  further  trial.  A 
favourable  report  is  distributed,  from  Captain  Olsen,  of  the  Nor¬ 
wegian  artillery,  of  the  trials  already  made,  from  which  amongst 
other  results,  it  appears  to  be  perfectly  practicable  to  fire  rifled  shells 
filled  with  melted  iron  with  wooden  wings,  and  without  injury  to 
the  latter.  It  is  worthy  of  remark  that  almost  all  the  foreign  rifled 
guns,  present  an  even  number ,  as  that  of  the  grooves  round  the 
interior  of  the  chase.  An  odd  number,  as  three  or  more,  is  frequent 
in  British  examples.  The  latter,  for  reasons  that  cannot  here  be 
gone  into,  we  hold  to  be  a  decisive  mistake. 

SPAIN  produces,  through  its  Cuerpo  d’Artilleria,  a  large  rifled  gun 
(863),  and  also  rifled  guns  from  the  Fabric?a  Nazional  da  Truvia. 
The  bronze  field  gun  has  been  already  referred  to.  The  largest 
gun  is  a  cast-iron  one  of  about  8  inches  calibre,  rifled  in  three 
flat  grooves  with  rounded  edges;  it  is  of  great  thickness  at  the 
breech,  and  for  about  three  feet  in  length  there,  it  is  cylindrical  and 
hooped  with  steel  or  wrought-iron  rings  shrunk  on.  Like  other  cast- 
iron  guns  prepared  in  the  same  way,  however,  the  cast-iron  is  so 
thick,  in  proportion  to  the  calibre  and  to  the  thickness  of  the  hoop- 
rings,  that  the  latter  are  of  no  use  whatever.  This  gun  is  probably 
cast  of  very  fine  iron,  and  so,  unaided,  might  perhaps  stand  a  good 
deal  of  firing ;  but  if  so,  it  would  owe  nothing  to  its  hooping. 

There  are  but  few  completed  smooth-bored  guns  exhibited. 
The  very  largest,  and,  on  the  whole,  the  best  of  its  class,  is  the 
great  rifled  piece  the  Prince  Alfred  gun,  forged  in  one  mass  by  the 
exhibitors  (2567),  the  Mersey  Steel  and  Iron  Company  of  Liverpool, 
who  also  produced  the  Horsfall  smooth-bore  gun. 

These  exhibitors  also  produce  a  completely  mounted  12-pounder 
breech-loading  rifled  field  gun;  the  breech-closing  arrangement  being 
that  patented  by  II.  F.  Forbes  (1856,  No.  895),  and  subsequently, 
independently  reinvented,  by  Mr.  Wm.  Clay,  the  partner  and 
able  manager  of  those  well  known  works.  This  gun  is  shown  in 
Fig.  647. 

Fis?.  647. 


The  gun  weighs  9  cwt.,  and  the  field  carriage  and  limber  22  cwt. 
3  qrs. ;  the  wheels  being  4  feet  10  inches  in  diameter.  The  calibre 
is  3  inches,  the  length  about  7  feet,  and  the  effective  length  of  chase 
rather  under  6  feet.  The  rifling  is  angular  and  fine,  but  not  sharp. 
The  closing  breech-plug  contains  an  excentric  cavity,  and  in  one 
position,  when  screwed  back  half  a  turn,  this  coincides  with  the 
chase,  and  permits  the  cartridge  to  be  introduced ;  but  by  half  a  turn 
forward,  the  breech  is  closed  up  by  the  solid  part  of  the  breech-plug, 
and  at  the  same  moment  jammed  up  gas-tight.  The  field-carriage 
of  this  gun  presents  the  most  workmanlike  combination  of  wood  and 
iron  for  mounting  exhibited. 

We  ourselves  hold  breech-loading  guns — save  for  a  few  special 
ends — a  radical  error ;  and  it  may  be  worth  while,  just  at  this  moment 
when  popular  notions  run  otherwise,  to  refer  to  the  opinion  on  this 


subject  of  one  of  the  greatest  authorities  in  France,  or  in  the  world, 
upon  artillery  science.  General  Morin— in  an  able  paper  published 
in  a  late  part  (No.  9)  of  the  Annales  de  Conservatoire,  entitled 
“  Note  sur  les  canons  des  systemes  de  MM.  Armstrong  et  Whit¬ 
worth,”  in  which  he  describes  and  discusses  what  has  been  exhibited 
of  these,  has  the  following  noteworthy  sentence  : — 

“  Abstraction  faite,  des  considerations  militaires  qui  paraissent 
rendre  impropre  au  service  et  inutilement  complique  l’emploi  de 
canons  charges  par  la  culasse  par  les  armees  en  campagne,  les 
projectiles  du  systeme  Armstrong  ne  semblent  pouvoir  etre  admis 
tout  au  plus  que  pour  la  flotte,  ou  il  est  possible  de  les  tenir  a 
l’abri  des  divers  accidents  qui  pourraient  les  degrader.  Dans  les 
batteries  de  cote,  il  serait  deja  difficile  de  ne  pas  les  placer  pres 
des  pieces  en  piles  plus  ou  moins  considerables,  mais  toujours  ex¬ 
poses  a  des  chances  diverses  d’accidents.” 

While  referring  here  to  General  Morin,  we  cannot  avoid  quoting 
also  his  views  as  to  the  simplification  of  the  Armstrong  built-up  gun, 
by  the  application  of  steel,  confirmatory  as  they  are,  of  those  we  have 
urged 

“  Modifications  au  systeme  de  construction. — Quelle  que  soit  l’opi- 
nion  que  l’on  se  forme  du  systeme  de  M.  Armstrong,  il  parait  evident 
que  la  construction  meme  du  canon  pourrait  etre  considffi-ablement 
simplifiee  et  amelioree  par  l’emploi  d’une  ame  en  acier  fondu  bien 
travaillee  au  marteau  et  cerclee  en  acier  puddle,  comme  on  l’a  fait 
en  France  pour  les  pieces  recemment  essaye'es.” 

Returning  then  to  breech-loading,  we  venture  to  express  our 
opinion,  that  if  breech-loading  be  desirable,  this  gun  of  the  Mersey 
Steel  Company  effects  the  end  in  a  far  better,  simpler,  more  substan¬ 
tial,  and  therefore  more  desirable  way,  than  any  other  yet  brought 
forward,  and  is  in  so  far,  much  to  be  preferred  before  either  Arm¬ 
strong’s  or  Whitworth’s.  We  have  ourselves  seen  a  gun  of  the  size 
exhibited,  loaded  and  fired,  and  by  untrained  men,  at  the  rate  of  20 
rounds  per  minute.  Some  very  heavy  guns  were  made  on  this  plan 
for  the  Russian  Government  by  these  exhibitors,  and  we  are  quite 
aware  that  accidents  befel  one  or  more  of  them  ;  such  are  at  first 
inevitable,  and  are  the  only  roads  to  final  perfection  in  any  new 
artillery.  Guns  of  all  other  sorts  have  come  to  grief  too,  at  the  like 
stages  of  their  career ;  but  with  very  heavy  guns,  we  believe  breech¬ 
loading  in  any  form  impracticable. 

While  here,  it  may  be  worth  while  also  to  quote  the  conclusions 
of  General  Morin  as  to  the  rival  pretensions  of  Whitworth  and  Arm¬ 
strong,  and  especially  to  remark  the  little  value,  or  rather  the  com¬ 
plete  condemnation  that  he  expresses,  of  that  exquisite  accuracy  of 
fit  and  precision  (not  in  workmanship  of  production  of  gun  be  it 
remarked,  but  between  gun  and  projectiles) upon  which 
jjiH|jjSj8l  so  much  stress  is  laid  in  this  country  by  both  parties. 
ei&SSBBSBSa  “  jyon  a  toutefois  reproche  aux  armes  et  aux 
canons  presentes  par  M.  Whitworth  la  ties  grande 
precision  donnee  a  certaines  parties  et  en  particulier  au  projec¬ 
tile,  qui  n’a  que  tres-peu  de  vent,  ce  qui,  apres  quelques  coups, 
doit  occasionner  des  difficultes  pour  le  chargement.  Ce  defaut, 
qui  est  la  consequence  naturelle  des  habitudes  de  1’auteur,  bien 
connu  de  tous  les  ingenieurs  pour  l’admirable  precision  de  toutes 
les  machines  qui  sortent  de  ses  ateliers,  peut  etre  facilement  evite 
en  augmentant  dans  une  certaine  mesure  le  jeu  du  boulet  dans 
l’ame,  ou  ce  qu’on  nomme  le  vent;  l’experience  indiquerait  a  quelle 
limite  il  convient  de  s’arreter. 

“Ce  qui  a  sans  doute  conduit  M.  Whitworth  a  diminuer  autant 
qu’il  l’a  pu  et  peut  etre  au  dela  de  ce  que  comportent  les  conditions 
du  service,  le  vent  de  ses  projectiles,  c’  etait  l’apparente  necessite 
d’obtenir  des  vitesses  des  portees,  et  une  justesse  de  tir  egales  a 
celles  des  bouches  a  feu  du  systeme  de  M.  Armstrong  et  a  celles  des 
fusils  rayes  d’Enfield,  tirant  tous  a  projectiles  forces. 

“  Mais  quand  il  s’agit  du  service  de  guerre,  ou  les  bouches  a  feu, 
les  armes,  les  munitions,  les  projectiles  sont  exposes  a  tant  de  cir- 
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Constances  imprevues,  d’accidents  de  tir  et  de  transport,  l’excessive 
precision  est  non-seulement  superfine,  mais  elle  peut  meme  devenir 
un  embarras  et  presenter  de  graves  inconvenients.  A  ce  point  de 
vue,  l’execution  admirable  des  bouches  a  feu  exposeespar  l’arsenal  de 
\Voolwicb,qui  atteignent  presque  la  perfection  des  instruments  d’astro- 
nomie,  nous  semble  une  exageration  qu’il  ne  convient  pas  d’iroiter. 

“  Le  systeme  de  bouches  a  feu  et  d’armes  portatives  de  M. 
Whitworth  me  parait  au  contraire  d’une  execution,  et  d’un  service 
plus  faciles  et  plus  surs.  II  comporte  un  degre  de  precision  suffi- 
sant  qui  peut  etre  limite  a  ce  que  l’experience  ferait  regarder  comme 
necessaire.  La  fabrication  des  projectiles  n’oflre  aucune  difficulte, 
soit  qu’on  y  creuse  les  rayures  a  la  machine,  soit  qu’on  se  contente 
de  les  obtenir  ;i  la  fonte.  En  employant  pour  les  former  de  la 
fonte  douce  et  faisant  l’ame  en  acier,  les  bouches  a  feu  pourraient 
tres-probablement  fournir  un  tir  tres-prolonge  sans  se  degrader.” 

Of  the  Armstrong  or  built  up  field  gun,  he  says — 

“  Toute  cette  fabrication  du  canon  est  executee  avec  le  plus  grand 
soin  et  avec  une  precision  remarquable ;  mais  elle  est  tres-ddlicate 
et  tres-dispendieuse,  sans  offrir  les  avantages  que  l’on  peut  a  beau- 
coup  moius  de  frais,  obtenir  d’une  ame  en  acier  fondu,”  viz.,  in  a 
single  piece — almost  the  words  of  the  views  we  have  ourselves 
expressed  here  and  elsewhere. 

Recurring  now  to  the  smooth  bores.  Fig  648  is  the  celebrated 
13-inch  gun  of  nearly  twelve  calibres  length  of  chase,  weighing  21 
tons  17  cwt.,  and  throwing  a  spherical  shot  of  282  lbs.  weight,  forged 


and  finished  by  the  Mersey  Steel  and  Iron  Company  during  the 
Crimean  war,  and  by  them  presented  to  the  nation.  The  gun  itself 
is  not  exhibited,  but  the  armour  plate  that  in  1854  it  smashed,  and 

Fig. 649. 


Scale — 5  inch  =  lfoot. 

Mersey  Co.’s  Prince  Alfred  Gun. 

its  successor,  the  Prince  Alfred,  are  so.  The  latter  gun  (Fig.  649), 
also  forged  in  one  piece,  is  of  ten  inches  calibre,  and  10-5  feet  total 
length  of  chase  ;  weighs  10  tons  15  cwt.  2  qrs.  14  lbs.;  and  throws  a 
spherical  shot  of  136  lbs.  It  was  forged  hollow,  so  as  to  avoid  internal 
unsoundness  by  contractile  strains,  upon  a  plan  which,  nearly  simul¬ 
taneously  occurred  to  Mr.  Clay  and  to  the  author  of  this  article,  and 
was  mutually  communicated;  the  idea  having  arisen  from  difficulties 
which  were  encountered  in  forging  the  chamber  pieces  (of  great 
diameter)  for  the  36-inch  mortars,  which  were  by  this  means  finally 
surmounted  by  this  firm. 

This  is  no  doubt  the  right  mode,  of  forging  any  heavy  gun,  if  in 
one  piece,  whether  of  wrought-iron  or  of  steel,  and  has  been  per¬ 
fectly  successful  in  this  instance.  To  carry  out  perfectly  the  method, 
the  breech  is  left  open  in  forging,  and  afterwards  screwed  up. 

These  two  guns  are  undoubtedly  the  most  powerful,  as  battering 
or  fracturing  guns  against  armour-plate,  existing  in  the  British  or 


in  any  other  service.  The  smaller  of  the  two,  the  10-inch  gun, 
while  smooth  bored,  with  only  30  lbs.  of  powder  and  a  spherical  shot, 
broke  up  a  44  inch  plate,  backed  like  the  Warrior,  at  Liverpool. 

Since  that,  the  13-inch  gun  has  been  tried  at  Shoeburyness  against 
the  new  Warrior  target,  of  4J  inch  plates,  18  inches  of  teak  backing, 
and  wrought-iron  skin  and  ribs.  At  200  yards  and  also  at  600 
yards,  the  spherical  shot  smashed  right  through  plates,  backing, 
and  ship’s  frame,  broke  the  shot  into  huge  milraille,  and  drove  all 
into  the  rere  of  the  new  target,  and  partly  into  the  substance  of 
the  old  one  in  rere  of  it.  Nay,  a  second  discharge,  less  perfectly 
aimed,  at  600  yards  range,  struck  the  ground  several  yards  in 
advance  of  the  target,  and  then  ricochetted,  and  went  smash  through 
it  again.  In  each  case  a  great  yawning  irregular  cavity  of  several 
superficial  feet  in  area  was  fractured  out — one  utterly  incapable  of 
being  stopped  or  plugged,  and  through  which  the  shells  of  rifled 
ordnance  might  have  been  poured  into  the  ship  as  into  a  target’s 
bull’s  eye. 

As  compared  with  the  destructive  effects  of  one  of  these  discharges, 
in  smashing  up  and  dislocating  an  armour-plated  ship,  a  hundred  of 
the  small  round  holes,  so  wonderfully  drilled  through  the  plates,  by 
the  enormous  velocity  of  the  Armstrong  shot  and  thick  steel  shells, 
are  harmless.  They  are  easily  plugged — they  uncover  nothing 
inside — they  do  not  wrench  off  the  fastenings  of  the  armour. 

Nothing  can  have  been  more  unjust  to  this  smooth  bore  gun 
on  this  occasion  of  trial,  than  the  comments  of  the  Times.  Every 
competent  and  unbiassed  judge  who  witnessed  what  was  achieved 
by  Whitworth  and  also  by  the  Horsfall  gun,  could  form  but  the  one 
judgment  as  to  their  relative  values  in  the  attack  of 
armour  ships  or  iron-clad  forts ;  and  the  Times,  which 
is  supposed  to  be  highly  favourable,  upon  all  occasions 
to  Mr.  Whitworth,  may  rely  upon  it,  that  it  will  not  add 
to  his  justly  earned  fame,  by  trying  to  decry  that  of  an 
opponent  (to  whom  the  opima  spolia  in  this  case  un¬ 
doubtedly  belong)  by  perverted  statements,  and  deductions  that  can 
only  pass  with  the  wholly  ignorant,  and,  therefore,  wholly  uninfluential. 

Let  this  13-inch  gun  be  properly  sighted — which  it  has  never  yet 
been — and  be  mounted  amidships,  firing  over  the  bows,  of  a  fast 
screw  ship,  plated  over  her  bows  only,  and  with  a  breastwork  of 
iron  above  same,  and  fought  end  on,  to  her  enemy  ;  arrange  the  gun 
to  be  worked  automatically,  by  hydraulic  pressure,  both  in  azimuth 
and  elevation,  and-  let  it  fire  round  shot,  cast  of  Bessemer  or  other 
steel ,  solid  or  hollow,  and  filled  with  hard  lead  to  increase  the 
density — and  no  armour  ship  that  yet  floats  will  withstand  its  smash¬ 
ing  blow.  The  velocity  of  these  very  large  spherical  shot  is  not  lost  by 
aerial  resistance  and  brought  down,  at  300  yards  from  the  gun,  to  that 
of  the  Armstrong  elongated;  on  the  contrary,  the  distance  from  the 
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gun  before  such  reduction  of  velocity  takes  place  increases  as  — 2 

i.e.,  as  D,  and  at  1000  yards  one  successful  shot  from  this  Horsfall 
gun,  would  open  the  Warrior  to  the  shell  fire  of  other  guns,  and 
make  her  as  little  tenable  as  a  wooden  ship. 

If  still  longer  ranges,  at  which  to  try  the  chance  of  smashing  into 
an  advancing  ship,  as  from  shore  batteries,  be  desired,  we  believe 
that  they  will  still  best  be  found  in  great-sized  spherical  shot ;  but 
if  not,  then  in  the  nearest  approach  to  these  in  simplicity,  namely, 
in  huge  elongated  oval  shot,  fired  from  Lancaster  guns — built  up 
guns,  all  of  tough  steel — and  with  the  same  pains,  labour,  and  the 
necessary  money,  spent  upon  perfectionizing  them,  that  have  been 
lavished  on  the  Armstrongs  and  Whitworths. 

Had  this  been  done  five  years  ago  in  place  of  throwing  them 
utterly  overboard  without  an  attempt  at  improvement,  as  soon  as 
another  system  came  in  sight,  we  believe  that  ere  now,  Lancaster’s 
great  gun  rifling,  or  some  slight  modification  of  it,  would  have  been 
found,  taking  everything  into  account,  the  very  best  ever  proposed, 
and  we  venture  to  think  it  will  even  prove  so  yet,  in  the  end. 

3  Q 


Fig.  648. 


Scale — i  ineh  •=  1  foot. 
Mersey  Co.’s  13-inch  Horsfall  Gun 
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4.-F  HRNITURE. 

By  Peter  Graham,  Esq.,  of  Jackson  &  Graham,  London. 

<£Zjjk  aN  treating  upon  the  subject  of  decorative 
*  furniture  in  the  International  Ex- 
%  \  M  hibition,  we  shall  take  for  our 

starting  point  the  Great 
Exliibition  of  1851,  and 
noting  the  progress  made 
since  that  period,  endeavour 
to  investigate  the  causes 
that  have  led  to  such  a 
vast  improvement  in  so 
comparatively  short  a  space 
of  time.  The  knowledge, 
thought,  and  care  required 
to  be  exercised  in  the  con¬ 
ception  and  production  of 
articles  of  decorative  fur¬ 
niture,  are  greater,  per¬ 
haps,  than  many  suppose 
who  look  at  them  in  their  complete  state.  The  style  and  principle 
of  construction  have  first  to  be  studied,  then  the  proportions  of  all 
the  parts,  the  materials  to  be  used,  whether  various  woods  with  the 
introduction  of  marbles,  metal  enrichments  bronzed  or  gilt,  ivory, 
paintings  on  porcelain,  buhl,  or  marquetrie  inlaying,  and  carving. 
It  will  thus  be  seen  that  some  knowledge  of  architecture  is  required 
to  be  united  with  the  artistic  labours  of  the  sculptor,  painter,  and 
ornamentist,  and  the  practical  skill  of  the  cabinetmaker,  in  the  com¬ 
pletion  of  an  article  of  decorative  furniture ;  and  just  in  proportion 
as  their  combined  works  have  been  well  executed,  and  directed  by 
good  taste  and  judgment,  will  be  the  pleasure  that  may  be  derived 
from  the  possession,  or  contemplation  of  the  complete  work.  Some 
articles  may  depend  mainly  upon  form  and  construction  for  their 
decorative  character,  and  others  derive  aid  from  the  art  of  the 
sculptor  or  ornamentist  only;  but,  generally,  the  manufacture  or 
production  of  decorative  furniture  may  be  said  to  be  the  application, 
in  some  degree,  of  fine  art  to  articles  of  utility,  and  no  department 
of  industry  affords  wider  scope  for  its  application. 

The  best  English  cabinetmakers  have  long  enjoyed  a  well- 
earned  reputation  for  sound  workmanship  and  careful  finish,  and, 
judging  from  the  Exhibition,  it  is  not  too  much  to  say,  that  with 
the  exception  of  one  article  of  transcendant  excellence,  their  orna¬ 
mental  or  decorative  furniture  is  now  equal  to  that  of  any  other 
country. 

In  1851  the  highest  prize  was  a  Council  medal,  of  which  four 
were  awarded  to  French  exhibitors  of  cabinet  works,  and  not  one 
to  English.  In  Paris,  1855,  France  took  four  of  the  principal 
prizes,  and  England  one  (Jackson  &  Graham).  In  the  present 
Exhibition  the  medals  are  all  the  same,  but  qualified  by  the  reason 
the  jury  gives  for  the  award ;  and  we  find  that  for  “  great  excellence 
of  design  and  ivorlcmanship  ”  (the  highest  commendation  given  in 
this  class)  medals  are  awarded  to  three  French  manufacturers — 
viz.,  Barbedienne,  Tourdinois  (Pere  et  Fils),  and  Grohe  ;  and  three 
English — viz.,  Jackson  &  Graham,  Trollope  &  Sons,  and  Wright 
&  Mansfield.  Mr.  Wm.  Holland  (Holland  &  Sons)  and  Mr.  J.  G. 
Crace  were  on  the  jury,  and  hence  could  not  receive  any  awards, 
but  if  they  had  not  been  jurors  there  can  be  no  doubt  that  both 
would  have  been  awarded  medals,  with  the  highest  commendation, 
which  would  have  thus  qualified  England  for  five  medals. 

Bearing  in  mind  that  the  majority  of  the  jurors  of  Class  30 
were  foreigners,  this  result,  in  a  branch  of  industry  for  which  France 


has  long  been  supreme,  is  the  strongest  evidence  we  can  give  of 
the  great  progress  made  by  England  since  1851. 

The  causes  which  have  led  to  this  advancement  are  various, 
but  all  exercising  an  influence  in  the  same  direction.  The  Revolu¬ 
tion  in  France  in  1848  threw  out  of  employment  a  large  number  of 
designers  and  artists — workmen,  many  of  whom  came  to  England 
in  search  of  occupation,  and  having  found  it,  became  either  tem¬ 
porarily  or  permanently  domiciled  amongst  ns.  Our  manufacturers 
thus  obtained  a  great  accession  of  that  valuable  assistance  (which 
our  schools  of  design  had  been  intended  to  supply),  from  some  of 
the  best  artists,  modellers,  and  carvers  of  France ;  the  result  of 
which  was  apparent  in  several  branches  of  industry  in  1851,  and 
has  been  more  extensively  developed  since. 

The  Exhibition  of  1851  conferred  an  inestimable  benefit  in  afford¬ 
ing  the  means  of  comparing  the  state  of  industrial  art  between  this 
and  other  nations ;  and  the  more  intelligent  of  our  manufacturers, 
designers,  artist-workmen,  and  skilled  artisans  having  seen  their 
deficiencies  were  stimulated  to  improvement.  It  must  be  confessed 
that  previous  to  1851  our  schools  of  design  had  done  but  little 
towards  educating  a  class  of  designers  and  art-workmen ;  and  it 
was  not  until  the  establishment  of  a  museum  and  lectures  at  Marl¬ 
borough  House  that  a  practical  result  in  the  diffusion  of  a  know¬ 
ledge  of  sound  principles,  and  the  means  of  studying  examples  of 
the  best  productions  of  former  periods,  afforded  to  students  oppor¬ 
tunities  much  required,  but  not  previously  enjoyed.  Not  the  least 
of  the  advantages  that  flowed  from  the  teaching  of  Marlborough 
House  was  the  awakening  of  public  attention  to  the  subject,  and  a 
consequent  improvement  of  general  taste.  The  removal  of  the 
museum  to  South  Kensington,  its  gradual  yet  great  extension,  the 
purchase  of  objects  of  beauty  and  interest  whenever  an  opportunity 
offers  and  Parliament  provides  the  means  for  the  purpose  of  adding 
to  the  collection,  thus  affording  to  students  and  the  public  im¬ 
portant  opportumties  for  observation  and  instruction— are  advan¬ 
tages  which  cannot  be  too  highly  appreciated.  The  system  also 
of  obtaining  loans  of  objects  of  great  rarity  and  beauty  for  the 
purpose  of  exhibition  is  of  great  public  benefit,  and  highly  credit¬ 
able  to  the  liberal  spirit  of  the  lenders.  It  may  be  truly  said  that 
they  place  within  reach  of  the  public,  objects  for  study  and  obser¬ 
vation  that  cannot  be  purchased,  or  if  they  could,  it  is  not  too 
much  to  say  the  cost  would  be  enormous.  The  loan  of  these 
objects  is  thus  of  great  advantage  to  artists  and  students,  and  of 
enjoyment  to  the  public,  tending  to  the  improvement  of  taste  with¬ 
out  any  cost  to  the  Government.  The  first  of  these  exhibitions 
was  held  at  Gore  House,  and  as  an  instance  of  the  advantages 
of  its  suggestive  character,  we  may  mention  that  the  idea  of  the 
cabinet  which  received  the  highest  prize  at  Paris  in  1855  arose 
out  of  it. 

In  mentioning  the  emigration  of  French  artists  and  workmen 
after  the  Revolution  of  1848  as  having  facilitated  our  progress  in 
decorative  art,  it  must  not  be  supposed  that  we  undervalue  native 
talent.  When  it  is  considered  that,  since  the  time  of  the  great 
Colbert,  it  has  been  the  policy  of  France  to  aid  and  encourage  by 
every  means  the  promotion  and  development  of  artistic  excellence 
in  design  and  execution  in  every  branch  of  industry  to  which  design 
is  applicable  ;  that  schools  of  design  had  been  established,  and 
museums  formed ;  that  the  establishments  of  Sevres  &  Gobelins 
were  practical  nurseries  of  industrial  artists,  and  their  productions 
examples  of  excellence  to  be  followed;  that  their  palaces,  freely 
opened  to  the  public,  contained  the  finest  examples  of  decorative 
furniture  —it  would  have  been  surprising  if  the  genius  of  her  lively 
and  intelligent  people  had  not  attained  the  highest  reputation  for 
excellence  in  every  branch  of  industry  in  which  design  and  execu¬ 
tion  were  important  elements. 

In  England  literally  nothing  had  been  done  in  this  direction  until 
the  establishment  of  our  Government  schools  of  design,  and  the 
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Drawing-Room  Pier  Table,  designed  and  executed  by  Messrs.  Fry  &  Co.,  Dublin. 


Sidebboabd  of  Pollabd  Oak,  designed  and  executed  by  Messrs.  Whytock,  Edinburgh. 


FURNITURE. 


Book-case,  in  the  Pompeian  style,  by  Messrs.  Howard  &  Sons, 
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English  designer  or  art-workman  had  laboured  under  every  disad¬ 
vantage.  It  was  only  after  frequent  Parliamentary  discussions  that 
reasonable  access  to  the  British  Museum  and  National  Gallery  was 
granted  to  the  public,  and  we  had  no  palaces  or  museums  containing 
examples  of  industrial  art-works  of  former  periods,  from  which 
instruction  could  be  derived.  In  France  artists  and  manufacturers 
had  long  enjoyed  the  copyright  of  their  designs,  but  in  England  they 
had  no  protection,  and  piracy  was  no  offence  against  the  law  until, 
after  much  opposition  in  Parliament,  the  Registration  of  Designs  Act 
was  passed.  Under  all  these  difficulties  and  discouragements,  it 
would  have  been  surprising  indeed  if  the  manufacture  of  decorative 
furniture  could  have  been  either  well  or  extensively  developed. 

The  Exhibition  of  1862  shows  what  may  be  accomplished  in  a 
comparatively  short  space  of  time  under  an  improved  system,  and 
the  stimulus  of  periodical  exhibitions.  So  far  we  have  spoken  only 
of  France  in  comparison  with  England,  and  in  point  of  fact  in  Class 
30  they  divide  the  honours,  and  there  is  little  from  other  countries 
worthy  of  being  placed  in  competition  except  from  Italy,  Austria,  and 
the  Zollverein  have  some  few  exhibitors  worthy  of  notice,  and  so  also 
has  Denmark.  The  latter  shows  a  power  of  execution  that  requires 
only  to  be  well  directed,  and  with  her  comparatively  low  price  of 
skilled  labour  she  may  soon  manufacture  furniture  extensively.  The 
Danish  Government  seem  fully  alive  to  this,  and  sent  over  three 
hundred  of  their  best  skilled  workmen  to  study  the  Exhibition  and 
see  the  principal  manufactories.  Twenty-five  of  their  cabinetmakers 
and  carvers  spent  some  hours  in  the  manufactory  of  the  writer,  and 
from  them  we  learned  that  the  wages  of  cabinetmakers  and  carvers 
in  Denmark  are  only  about  half  those  paid  in  London. 

The  Italian  Government  have  also  sent  a  considerable  number  of 
workmen  for  the  same  object. 

The  European  furniture  exhibited  may  nearly  all  be  classed  under 
the  following  styles : — Gothic,  French,  Italian,  Renaissance,  Louis 
XVI.,  and  Adams,  its  contemporary  style  in  England.  There  are 
scarcely  any  examples  of  the  Louis  Quinze  or  Rococo  style,  with 
its  unmeaning  scrolls,  elaborate  carving,  and  disregard  of  any  prin¬ 
ciple  of  construction,  of  which  there  were  so  many  in  the  Exhibition 
of  1851. 

The  Indian  furniture  preserves  its  native  style  of  elaborate  orna¬ 
mentation,  by  means  of  surface  carving  in  conventional  lines  and 
forms  gracefully  rendered,  but  sometimes  misapplied,  as  upon  tSie 
case  of  a  grand  pianoforte  in  the  Indian  Department  of  the  Exhi¬ 
bition. 

The  British  and  colonial  exhibitors,  and  those  foreign  states  in 
Class  30,  Sub-class  A,  Furniture — excluding  paper  hangings  and 
decoration,  or  small  ornamental  objects — with  the  awards  of  the 
Jury,  are  as  follows  : — 


Nations. 

Exhibitors. 

Medals. 

Honourable 

Mention. 

England 

...  153  ... 

21 

..  30 

India 

...  11  ... 

3 

3 

Ceylon 

7  ... 

2 

..  0 

New  South  Wales 

9  ... 

1 

..  2 

New  Zealand 

2  ... 

1 

..  0 

Nova  Scotia 

4  ... 

1 

1 

Tasmania 

4  ... 

0 

1 

Australia  Western 

6  ... 

0 

1 

Belgium 

18  ... 

5 

..  5 

Brazil 

5  ... 

1 

1 

Denmark 

13  ... 

2 

1 

France 

...  38  ... 

26 

9 

Austria 

...  13  ... 

3 

..  2 

Grosslierzogtkum  Baden 

1  .. 

0 

..  0 

Frankfort-on-the-Maine 

2  ... 

1 

..  0 

Hanover  ...  ... 

0  ... 

0 

..  0 

Grand  Duchy  of  Hesse 

5  ... 

1 

..  0 

“  “  Luxemburg 

1  ... 

0 

..  0 

Prussia 

...  21  ... 

0 

..  4 

Kingdom  of  Saxony  and  Principality  of  Reuss  5 

0 

1 

Grand  Duchy  of  Saxony  Altenburg 

0  ... 

0 

0 

Nations. 

Grand  Duchy  of  Saxe-Coburg  Gotha 

Wiirtemburg 

Mecklenburg-Schwerin 

Hanse  Town  Bremen  Hamburg 

Hamburg 

Liibeck 

Greece 

Italy 

The  Netherlands 

Norway 

Portugal 

Russia 

Spain 

Sweden 

Switzerland 

China 

Bavaria 

New  Brunswick 
Ionian  Isles 
Japan 
Rome 

British  Guiana 

Malta 

Melbourne 

Baden 

Haiti 

Turkey 


Exhibitors. 

1  ... 
7  ... 

3  ... 

5  ... 

32  ... 

1  ... 
0  ... 
41  ... 

11  ... 
1  ... 
2  ... 
3  ... 

2  .. 

5  ... 

3  ... 

4  ... 
0  ... 
2  ... 

6  ... 

3  ... 

0  ... 
0  ... 
0  ... 
0  ... 
0  ... 
0  ... 
0  ... 


Medals. 


Honourable 

Mention. 


0  ...  0 

1  ...  3 

1  ...  1 

1  ...  0 

0  ...  6 

0  ...  1 

0  ...  0 

1  ...  11 

0  ...  4 

1  ...  0 

0  ...  0 

2  ...  1 

0  ...  0 

1  ...  1 

1  ...  1 

0  ...  1 

0  ...  0 

0  ...  0 

1  ...  2 

0  ...  1 

0  ...  0 

0  ...  1 

0  ...  1 

0  ...  1 

0  ...  1 

0  ...  1 

0  ...  1 


Mr.  J.  G.  Crace  and  Mr.  William  Holland  having  accepted  the 
office  of  jurors,  and  their  respective  establishments  being  thereby 
precluded  from  receiving  any  award,  it  is  due  to  their  office  and  to 
the  eminent  position  they  hold  as  manufacturers  that  we  should  in 
the  first  place  notice  the  objects  exhibited  by  them. 

Mr.  Crace  exhibits  three  important  objects  in  the  Gothic  style, 
which  give  abundant  proof  of  his  thorough  knowledge  of  its  prin¬ 
ciples,  and  of  his  correct  taste  in  ornamentation. 

The  first  is  an  oak  sideboard  in  three  divisions,  the  centre  being 
open  with  panelled  back,  and  the  upper  half  of  the  end  divisions  in¬ 
closed  in  front  by  panelled  doors,  enriched  by  carvings  representing 
foliage  and  fruit  with  birds  in  the  act  of  pecking  it.  The  outer  ends 
are  likewise  panelled  and  enriched  with  carving  of  foliage  and  fruit, 
and  the  framing  is  decorated  with  appropriate  inscriptions,  carved,  and 
the  two  end  divisions  are  connected  by  a  richly  carved  frieze  rail. 
The  back  of  the  sideboard  rises  about  7  feet  from  the  slab,  in  three 
divisions  ranging  with  the  lower  part,  supported  at  each  end  with 
carved  brackets  terminated  in  front  by  carved  heraldic  lions  support¬ 
ing  shields  with  armorial  bearings.  The  end  divisions  have  each  six 
panels  enriched  with  carvings,  and  the  centre  is  lined  with  rich 
maroon  cloth  to  form  a  background  for  the  display  of  plate.  Spring¬ 
ing  from  the  framed  panelling  and  supported  by  half  columns,  is  a 
baldaquin  or  carved  canopy,  divided  by  oak  mouldings  into  ten  com¬ 
partments  with  gilt  grounds  and  ornamental  painting  in  colours 
representing  conventional  fruit  and  foliage,  with  a  cornice  enriched 
by  carving,  and  surmounted  by  a  cresting  or  gallery  carved  and  cut 
through. 

An  oak  Gothic  cabinet,  the  lower  part  open,  with  plinth,  and  the 
upper  part  inclosed  by  transparent  glass  doors,  protected  by  light 
open  ornamental  panels  of  brass,  the  lines  of  which  are  very  grace¬ 
ful.  The  inclosure  projects  from  the  columns  in  front,  and  forms 
three  sides  of  an  octagon,  as  also  does  the  plinth,  a  sufficient  support 
being  given  by  brackets  framed  into  and  projecting  from  the  columns, 
and  thus  giving  the  stability  apparently  required  for  the  projection 


of  the  inclosure. 


A  walnut  wood  cabinet  and  escritoire,  the  lower  part  open,  with 
panelled  back,  moulded  and  enriched  with  carvings,  and  the  ends 
panelled  cut  through  and  carved,  giving  a  light  and  pleasing  effect. 
A  shaped  stretcher  connects  the  ends,  the  centre  of  which  is  covered 
with  velvet,  forming  a  cushion  for  the  feet.  The  flap,  which  opens 
and  falls  down  to  form  a  desk,  is  supported  by  two  slides  which 
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draw  out  within  the  framing  at  each  end,  and  is  inlaid  with  various 
woods,  forming  an  elegant  design  in  accordance  with  the  style.  Over 
the  desk  are  two  drawers  with  panelled  fronts,  and  the  upper  part 
is  inclosed  by  a  pair  of  glazed  doors  with  light  open  ornamental 
panels  of  brass-work.  The  outer  ends  of  the  desk  portion  are 
enriched  by  finely-carved  panels  of  oak  leaves  and  acorns,  and  above 
those  are  enriched  panellings  terminating  in  the  same  foliage.  The 
cornice  is  enriched  by  carved  leaves  and  flowers  upon  a  running 
stem,  and  surmounted  by  an  open  carved  cresting,  in  the  centre  of 
which  is  an  inlaid  shield.  Upon  the  front  of  the  escritoire  is  the 
following  inscription : — <!  Semel  emissum  volat,  irrevocable  verbum.” 
The  escretoire,  with  all  its  details,  is  the  design  of  Mr.  Crace,  jun., 
and  is  a  work  of  great  beauty  and  merit. 

A  walnut  wood  cabinet  in  the  Italian  style.  The  base  of  the 
cabinet  is  a  plinth,  the  front  of  which  is  of  a  hollow  carved  form 
with  carved  mouldings  on  the  upper  edge.  Immediately  over  this 
at  each  end  are  surbases  panelled  on  both  sides,  and  enriched  by 
carvings.  Upon  these  are  the  consoles  which  support  the  upper 
division  of  the  cabinet ;  they  are  each  composed  of  a  female  head 
and  bust  with  wings  extending  backwards,  encircling  the  body  is 
carved  strap  work,  the  front  of  which  is  in  form  of  a  shield,  and 
has  an  oval  of  lapis  lazuli  in  the  centre,  the  terminations  being 
formed  by  a  bold  and  richly-carved  foliage  scroll  curving  gracefully 
backwards  to  the  extreme  points  of  the  wings.  The  design,  model¬ 
ing,  and  execution  of  the  carving  of  these  consoles  is  excellent. 
The  back  of  the  under  part  of  the  cabinet  is  divided  into  panels,  and 
these  are  subdivided  and  enriched  with  carvings,  and  the  two  side 
panels  have  a  circular  piece  of  fine  marble  in  the  centre  of  each. 
The  framing  of  the  lower  part  has  two  panels  enriched  with  light 
carved  foliage,  in  the  centre  of  which  is  an  oval  piece  of  marble ; 
between  the  panels  is  a  tablet  of  fine  marble  set  in  a  carved  mould¬ 
ing.  Over  the  consoles  are  columns  richly  carved  and  fluted,  with 
carved  capitals  supporting  the  frieze  and  cornice  of  the  cabinet. 
The  frieze  is  panelled  and  enriched  like  the  framing  of  the  lower 
part,  and  the  cornice  is  surmounted  by  a  pedestal,  upon  which  a  bust 
or  vase  should  be  placed.  On  each  side  of  the  pedestal  is  a  carved 
console,  and  over  each  column  a  turned  and  carved  finial  ornament. 
The  cabinet  is  inclosed  by  two  doors,  separated  by  a  carved  pilaster. 
The  doors  are  panelled  and  enriched  by  arabesque  carvings  with 
tablets  in  the  centre,  upon  which  are  carved  bas-reliefs  of  female 
figures  representing  Science  and  Art.  The  framing  of  the  doors 
and  flat  fillets  which  divide  the  panels,  are  inlaid  with  white  wood. 
The  outside  ends  of  the  cabinet  are  also  panelled  and  ornamented 
by  the  introduction  of  flat  surface  carving,  and  all  the  various 
mouldings  are  enriched  by  carvings.  This  cabinet  is  well  propor¬ 
tioned  in  all  its  parts ;  the  design  has  been  carefully  studied  in  its 
most  minute  details  ;  there  is  not  a  faulty  line  in  the  whole  of  the 
ornamentation,  whether  carved  or  inlaid ;  and  the  execution  is 
admirable.  Mr.  Crace  also  exhibits  a  pair  of  ebonized  cabinets  in 
the  Italian  style,  inclosed  by  glazed  doors,  which  have  great  merit 
both  in  design  and  execution. 

Messrs.  Holland  &  Sons,  in  consequence  of  the  fire  which  occurred 
upon  their  premises  a  few  months  before  the  opening  of  the  Exhibi¬ 
tion,  were  unable  to  contribute  as  extensively  as  they  had  originally 
intended ;  but,  nevertheless,  they  exhibit  some  objects  possessing  the 
highest  degree  of  excellence,  one  of  which  is — 

A  circular  table  of  great  beauty.  The  base  of  the  table  is  formed 
by  three  gracefully  curved  claws  springing  from  a  circular  block,  from 
which  rise  three  columns  supporting  the  top.  Within  the  columns 
on  the  centre  of  the  block  is  a  gracefully  formed  vase-shaped  orna¬ 
ment,  inlaid  and  mounted  with  ormolu.  The  claws  and  columns 
are  also  inlaid  with  various  woods,  the  colours  of  which  contrast 
very  harmoniously,  and  mounted  with  ormolu.  The  design  of  the 
marquetrie  inlaying  of  the  top  is  very  beautiful,  and  the  artistic  skill 
with  which  the  various  woods  have  been  selected  to  give  it  effect 

show  how  carefully  all  the  details  have  been  studied.  The  top  and 
rim  are  enriched  with  medallions  of  the  following  great  artists,  exe¬ 
cuted  in  marquetrie,  and  very  finely  engraved  : — 

Born  Born 

Apelles,  .  .  S24  b.c.  Raphael,  .  .  1483  a.d. 

Van  Eyck,  .  1370  a.d.  Rubens,  .  .  1577  “ 

L.  Da  Vinci,  .  1445  “  Diego  de  Velasquez,  1599  “ 

Albert  Durer,  .  1471  “  Claude  Lorraine,  1600  “ 

Michelangelo,  .  1774  “  Rembrandt,  .  1606  “ 

Titian,  .  .  1480  “  Hogarth,  .  .  1697  “ 

The  whole  of  the  elaborate  inlaid  work  has  been  carefully  engraved, 
and  the  spider  with  its  web  has  been  introduced  in  the  design  as  an 
emblem  of  perseverance  and  ingenuity  appropriate  to  a  work  of  so 
much  skill,  taste,  and  labour.  Another  object  worthy  of  special 
notice,  is  a  cabinet  inlaid  with  various  woods,  enriched  with  chased 
ormolu  mouldings  and  ornaments.  The  centre  is  inclosed  by  a  pair 
of  doors,  the  panels  of  which  are  of  marquetrie  of  various  woods  of 
well-contrasted  colours,  and  very  graceful  design.  The  frieze  is 
also  inlaid  and  supported  by  turned  columns  inlaid — the  whole  of 
the  inlaid  work  being  very  carefully  engraved.  The  ends  are  open, 
and  lined  with  silvered  glass,  and  fitted  with  shelves,  the  fronts  of 
which  have  chased  metal  galleries.  Messrs.  Holland  exhibit  also  a 
handsome  gilt  cabinet  in  the  Renaissance  style,  in  three  divisions, 
inclosed  by  transparent  glass  doors,  richly  ornamented  in  mat  and 
burnished  gold  ;  a  small  ebony  cabinet  in  the  Italian  style,  enriched 
with  arabesque  carvings,  well-designed  and  carefully  executed  ;  and 
some  handsome  carved  chairs.  Having  noticed  the  articles  exhibited 
by  the  jurors,  we  proceed  to  those  established  by  the  three  firms  to 
whom  medals  have  been  awarded  for  “  great  excellence  of  design 
and  workmanship.” 

We  merely  describe  the  objects  exhibited  by  Messrs.  Jackson  & 
Graham,  because  we  feel  that  it  would  not  become  us  to  com¬ 
ment  upon  productions  in  which  we  are  interested.  The  most 
important  is — 

A  buffet  or  sideboard,  10  feet  long,  and  12  feet  6  inches  high,  of 
pollard  oak  of  rare  beauty,  enriched  by  carvings  in  brown  English 
oak.  The  doors  of  the  pedestals  are  niched,  with  figures  of  boys 
gathering  grapes,  and  reaping,  and  the  friezes  of  them  ornamented 
with  the  hop  plant  springing  from  shields.  The  frieze  of  the  centre 
division  has  a  richly  carved  shield,  with  barley  springing  from  each 
side,  the  shield  itself  being  enriched  with  fruit.  The  angles  of  the 
pedestals  are  canted  to  form  a  background  for  richly  carved  chimeras 
with  leopards’  heads,  which  appear  to  support  the  slab.  Above  the 
slab,  and  over  the  pedestals,  are  plinths,  enriched  with  carved  panels, 
the  one  representing  a  wine  cup  entwined  by  the  vine,  and  the 
other  a  tankard  surrounded  by  the  hop  plant.  Upon  these  plinths 
are  placed  two  female  Caryatides,  the  one  with  attributes  of  the 
field  and  forest,  the  other  of  the  ocean  and  river.  These  figures 
support  the  cornice  and  pediment  which  has  a  boldly  carved  shield 
in  the  centre,  with  festoons  of  fruit  hanging  gracefully  from  it,  and 
partly  resting  upon  the  cornice.  The  Caryatides  are  flanked  by 
richly  carved  pilasters,  the  one  representing  game,  surmounted  by 
the  head  of  a  retriever,  and  the  other  various  denizens  of  sea  and 
stream  surmounted  by  the  head  of  an  otter.  The  centre  and  side 
panels  of  the  upper  part  are  filled  with  silvered  glass.  A  fine 
walnut  wood  wardrobe,  9  feet  long,  in  three  divisions  ;  the  plinth, 
cornice,  and  end  panels  inlaid  with  lines,  and  ornamental  corners  of 
Amboyna,  purple  wood,  and  holly.  The  centre  door  has  a  panel  of 
silvered  glass,  and  on  each  side  are  pilasters  richly  inlaid  with 
various  woods,  the  caps  and  bases  finely  carved,  which  support  the 
cornice  and  pediment ;  the  latter  has  a  shield  in  the  centre,  from 
which  spring  rich  festoons  of  flowers  in  marquetrie-  work.  The 
corners  of  the  plinth  and  cornice  are  rounded,  and  a  hollow  worked 
upon  the  angles  of  the  wardrobe  to  receive  columns  inlaid  and  carved 
en  suite  with  the  pilasters,  to  complete  the  support  of  the  cornice. 
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The  doors  on  each  side  of  the  centre  have  small  oval  mirrors  sur¬ 
rounded  by  rich  floral  marquetrie  work.  A  chimney  piece  of 
Algerian  onyx,  the  pilasters  and  frieze  enriched  with  bas-reliefs  of 
bronze,  chased  and  richly  gilt.  A  cabinet  of  ebony,  inlaid  with 
ivory,  the  centre  inclosed  by  doors,  with  oval  medallions  of  hymeneal 
subjects  in  bronze,  highly  chased  and  gilt,  the  ends  open  and 
rounded,  the  plinth,  columns,  and  frieze  all  enriched  with  mouldings 
and  ornaments  of  bronze,  finely  chased  and  gilt,  and  surmounted  by 
a  slab  of  the  finest  Algerian  onyx.  A  piano  (the  interior  by  Messrs. 
Erard),  the  case  of  fine  Amboyna  wood,  richly  inlaid  in  various 
ornamental  devices,  musical  trophies,  and  flowers  of  fine  marquetrie 
work ;  the  front,  above  the  fall,  of  very  finely  perforated  purple 
wood,  in  which  are  framed  three  finely  executed  paintings  on  porce¬ 
lain  ;  that  in  the  centre  representing  a  group  of  children  playing 
upon  musical  instruments,  upon  the  left  of  which  is  a  medallion 
with  a  boy  playing  the  pandean  pipes,  and  on  the  right,  another 
medallion  with  a  boy  playing  cymbals.  A  small  drawing  room 
chair,  very  finely  carved  aud  richly'-  gilt,  in  the  style  of  Louis  XVI. 
An  etagere  of  ebony,  inlaid  with  ivory.  An  ebonized  bookcase, 
with  engraved  lines  and  ornaments  on  pilasters,  panels,  and  framing, 
carved  shields  in  centre  of  panels,  and  carved  shield  and  scroll  on 
pediment,  ornamental  carved  astragals.  A  lady’s  toilette  table, 
with  cheval  glass  in  centre,  and  pedestals  with  drawers  on  each 
side,  of  fine  satin  wood  inlaid  with  tulip  wood. 

Messrs.  Trollope  exhibit  a  walnut  wood  sideboard  of  great  excel¬ 
lence  in  design  and  execution.  The  centre  is  straight  and  open, 
the  top  inlaid  with  ebony  in  lines,  the  frieze  is  enriched  by  fluted 
carvings,  between  which  are  small  panels  with  carved  ornaments  in 
each.  On  each  side  of  the  open  centre  are  panelled  pilasters  orna¬ 
mented  by  several  lions’  heads,  from  which  are  suspended  several 
clusters  of  fruit ;  outside  of  these  pilasters  the  ends  are  of  segmental 
form,  inclosed  by  doors  with  pilasters  corresponding  with  the  front 
— the  depth  beyond  which  is  straight ;  the  doors  are  panelled  with 
carved  mouldings,  and  the  panels  enriched  with  well-modelled  and 
richly  carved  trophies  of  fruit  and  cereals.  In  the  open  centre  is 
placed  a  sarcophagus  of  oval  form  supported  on  lions’  claws,  from 
which  the  sides  rise  with  a  bold  projecting  convex  curve,  terminated 
by  a  deep  receding  hollow,  enriched  by  well  carved  heads  of  dogs 
and  boars,  with  festoons  of  fruit  and  flowers  between.  The  whole 
design  is  a  most  carefully-studied  and  consistent  composition  ;  the 
proportions  ef  every  part  are  good  and  the  execution  excellent. 
The  cabinet  exhibited  by  Messrs.  Trollope  is  in  the  style  of  the 
cinque  cento,  in  three  divisions,  the  ends  projecting,  and  inclosed 
by  panelled  doors  with  carved  mouldings,  the  panels  inlaid  with 
various  woods, "and  a  Limoges  medallion  in  the  centre  of  each.  The 
middle  division  is  fitted  with  shelves  and  inclosed  by  a  transparent 
glass  door  with  carved  mouldings.  The  cornice  is  supported  by 
pilasters  with  carved  trusses,  and  the  frieze  divided  into  small  sunk 
panels,  is  ornamented  with  Limoges  medallions,  and  the  whole 
surmounted  by  a  pediment  panelled  and  enriched  with  carvings, 
upon  which  are  seated  two  female  figures  representing  Science  and 
Art.  The  cabinet  is  of  ebony,  a  portion  of  the  enrichment  is  gilt, 
and  the  details  of  the  carving  have  been  carefully  studied  and  well 
executed.  The  chimney-piece  exhibited  by  Messrs.  Trollope  is  in 
the  Lombardine  style,  the  lower  part  being  of  stone  and  marble,  and 
the  upper  part  of  oak,  inlaid  with  different  woods,  panelled  and 
enriched  with  carvings,  the  centre  being  intended  to  receive  a 
picture.  The  capitals  of  the  marble  columns  are  gracefully  modelled 
and  well  carved,  and  a  clock  surmounted  by  carved  figures  has  been 
very  effectively  introduced  into  the  composition. 

Messrs.  Wright  &  Mansfield  exhibit  a  large  dwarf  bookcase,  the 
three  principal  divisions  of  which  are  open  and  separated  by  pedestal 
inclosures;  the  ends  are  circular  on  plan,  and  also  inclosed.  It  is 
in  the  English  style  of  the  latter  half  of  the  eighteenth  century, 
commonly  called  the  Adams  style,  and  is  made  of  Gean  wood  (the 


wHd  black  cherry  of  the  Highlands  of  Scotland),  which  has  pro¬ 
bably  for  the  first  time  been  used  in  any  important  article  of  fur¬ 
niture.  The  doors  of  the  pedestals  are  panelled  with  mouldings 
of  purple  wood,  inlaid  with  ebony,  and  have  medallions  of  Wedge- 
wood  ware  in  the  centre  of  each  ;  the  cornice  is  supported  by  ebony 
columns  elaborately  yet  delicately  carved,  and  the  frieze  is  enriched 
with  Wedgewood  medallions  surrounded  by  inlaying  of  ebony.  It 
is  surmounted  by  a  raised  back,  panelled  and  inlaid,  in  the  centre 
of  which  is  large  plaque  of  Wedgewood  ware.  The  details  have  all 
been  carefully  studied,  the  execution  is  excellent,  and  the  style 
adopted  has  been  carried  out  in  all  its  purity.  A  library  chimney- 
piece  of  the  same  woods,  with  Griotte  marble,  and  mirror  in  the 
same  style  as  the  bookcase,  is  equally  well  executed.  There  is 
also  a  gilt  cabinet  of  the  same  style,  with  Wedgewood  medallions  on 
blue  ground  introduced  upon  the  doors  and  in  the  frieze,  and  a  pair 
of  very  well  designed  and  carefully  finished  gilt  tripods,  and  a  pair 
or  girandoles.  Messrs.  Wright  &  Mansfield  exhibit  also  a  small 
satin  wood  cabinet  in  the  Louis  Seize  style,  of  very  bold  and  pleasing 
outline,  inlaid  and  bordered  with  purple  wood,  surmounted  with 
ormolu,  and  a  dwarf  bookcase  or  chiffoniere  of  white  wood,  the 
centre  open,  and  ends  inclosed  by  doors  inlaid  with  grey  maple  and 
tulip  wood,  the  effect  of  which  is  very  delicate  and  pretty. 

Messrs.  Gillow  &  Company  exhibit  a  very  fine  cabinet  for  the 
reception  of  china  or  articles  of  vertu,  the  plan  of  which  has  some 
novel  features.  The  woods  chiefly  used  are  grey  maple,  amboyna, 
and  purple  wood;  and  it  is  elaborately  inlaid  in  the  Greek  style  of 
ornament,  the  cornice  and  frieze  being  supported  by  carved  columns 
of  box  wood  in  the  same  style.  It  has  five  divisions,  the  centre 
being  inclosed  by  a  glazed  door  carried  up  higher  than  the  ends, 
curved  at  the  top,  and  arranged  to  form  a  pedestal  for  a  group  of 
sculpture.  At  each  side  of  the  centres  are  inclosures,  the  doors 
being  panelled,  inlaid,  and  ornamented  with  groups  and  medallions 
painted  in  imitation  of  bas  relief.  The  ends  are  elliptic,  with  shelves 
inclosed  by  doors  with  glass  bent  in  that  form.  The  cabinet  is 
admirably  adapted  for  its  intended  purpose,  and  the  workmanship 
and  execution  of  the  ornamental  work  is  excellent.  Messrs.  Gillow 
&  Company  have  also  a  fine  walnut  wood  sideboard  of  large  dimen¬ 
sions  and  excellent  workmanship;  and  several  chairs,  one  of  which 
is  in  the  style  of  the  cabinet. 

Messrs.  Johnstone  and  Jeanes  exhibit  a  large  walnut  wood  chiffo¬ 
niere,  upon  which  rests  a  lofty  mirror,  divided  into  three  compart¬ 
ments.  The  chiffoniere  is  open  in  the  centre,  the  divisions  on  each 
side  being  inclosed  by  doors  panelled  and  inlaid  with  various 
woods.  The  design  of  the  inlaying  is  very  beautiful,  and  the  colours 
of  the  different  woods  well  contrasted.  The  cornice  is  surmounted 
by  a  slab  of  fine  walnut  wood  inlaid,  and  is  supported  by  carved 
pilasters  terminated  by  lions’  heads,  and  the  inlaid  design  of  in¬ 
tersecting  circles  in  the  frieze  has  a  very  pleasing  effect.  The 
outer  ends  are  open  and  rounded.  The  construction  of  this  piece 
of  furniture  is  sound  in  principle,  good  in  proportion,  excellent  in 
finish,  and  all  the  details  of  the  carving  and  inlaying  have  been 
carefully  studied ;  but  in  the  mirror  which  rests  upon  it  a  deviation 
from  sound  principle,  which  may  be  considered  excusable,  has  been 
made  for  the  purpose  of  making  the  centre  division  of  the  glass 
wider  than  it  would  have  been,  had  its  framing  been  in  line  with  the 
pilasters. 

Mr.  Wertheimer  exhibits  a  console  table  in  the  style  of  Louis 
Seize,  which  has  a  very  novel  and  pleasing  effect.  It  is  apparently 
of  polished  steel,  but  is  really  of  bronze  silvered  and  burnished,  with 
ornaments  and  enrichments  of  bronze  richly  gilt.  The  form  of  the 
top  is  gracefully  curved  and  supported  on  two  consoles  of  faultless 
outline,  connected  by  a  sweeped  stretcher  rail  at  the  base,  the  centre 
forming  a  pedestal  upon  which  a  vase  is  placed.  The  centre  of  the 
frieze  is  ornamented  with  the  head  of  a  Bacchante,  from  which  are 
suspended  garlands  of  laurel  leaves,  connecting  it  with  the  support- 
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ing  consoles.  The  composition  of  the  design,  and  the  modelling  and 
execution,  constitute  this  a  work  of  great  beauty  and  excellence  in 
every  respect.  Mr.  Wertheimer  also  exhibits  a  charming  little 
cabinet  in  the  Louis  Seize  style,  with  ormolu  enrichments,  and 
various  other  objects  in  gilt  bronze. 

Messrs.  Howard  &  Sons  exhibit  an  ebonized  bookcase  and  library 
table,  in  the  Pompeian  style.  The  bookcase  is  in  two  parts,  upper 
and  lower,  each  of  which  is  in  three  divisions,  the  lower  part  being 
inclosed  by  panelled  doors,  and  the.  upper  part  by  glazed  doors. 
The  frieze  of  the  lower  part  is  supported  by  carved  pilasters,  and 
the  cornice  of  the  upper  part  by  columns;  and  the  centre  division  is 
surmounted  by  a  pediment  with  a  vase  in  the  centre,  and  winged 
chimera  carved  and  gilt  on  each  side.  The  framing  of  the  doors, 
panels,  and  friezes  are  all  enriched  by  carving  sunk  below  the 
surface,  the  leaves  being  stained  green,  and  partly  gilt.  The  frieze 
over  the  doors  of  the  lower  part  has  been  made  to  draw  forward, 
forming  a  convenient  rest  for  books.  The  construction  is  simple, 
the  style  and  ornamentation  pure  and  consistent,  the  execution 
good,  and  the  general  effect  novel  and  pleasing.  The  library 
table  is  treated  precisely  in  the  same  style,  and  is  a  fit  companion 
to  the  bookcase. 

Fig.  651. 


Fig.  652. 


Poole  &  Macgillivray’s  Jewel  Stand,  &c. 

Mr.  Anoot  exhibits  a  charming  walnut  wood  cabinet,  in  the  Louis 
Seize  style.  The  centre  of  the  lower  part  is  inclosed  and  divided 
from  the  ends,  which  are  open,  by  pilasters,  in  the  panels  of  which  are 
plaques  of  porcelain  of  floral  design  on  pale  green  ground.  The  frieze 


is  also  ornamented  with  plaques  of  porcelain,  the  centre  plaque  being 
copied  from  a  design  of  Goutiere,  and  painted  in  imitation  of  has 
relief.  The  pilasters  of  the  upper  part  are  carved  and  fluted,  and  the 
doors  panelled,  having  each  an  oval  medallion  in  the  centre,  finely 
painted  ;  one  representing  the  death  of  Adonis,  and  the  other  Venus 
and  Mars  surprised  by  Apollo,  with  smaller  plaques  of  floral  and  ara¬ 
besque  designs,  likewise  introduced  in  the  doors  and  upper  frieze, 
the  cornice  being  ornamented  by  a  pediment  intended  to  support  a 
bust  or  vase.  The  design  of  the  cabinet  is  well  adapted  for  the 
introduction  of  the  plaques  of  porcelain,  which  have  been  executed 
by  Minton  &  Company  with  that  degree  of  excellence  which  gene¬ 
rally  characterizes  their  artistic  works.  Mr.  Anoot  also  exhibits 
some  chairs  in  the  Louis  Seize  style,  finely  carved  and  richly  gilt; 
and  an  oval  drawing-room  table,  also  carved  and  gilt. 

Messrs.  Poole  and  Macgillivray  are  the  exhibitors  of  an  excellent 
group  of  small  objects,  in  which  the  more  delicate  features  of  the 
Louis  Seize  style  of  ornament  are  carefully  developed.  The  chief 
objects  are  the  jewel  stand  (Fig.  651),  chairs  (Figs.  653,  654),  and 
the  cabinets  (Figs.  650,  652),  which  we  have  illustrated.  The 
jewel  stand  or  circular  cabinet  is  unique  in  conception,  graceful 
and  well  proportioned,  and  gives  to  the  collector  of  works  of  art 
the  much  desired  opportunity  of  displaying  his 
treasures,  whilst  they  are  preserved  from  injury 
by  the  touch  of  the  too  curious.  The  whole 
of  these  objects  are  remarkable  for  their  fidelity 
to  the  style  adopted,  which  is  well  suited  for 
boudoir  and  drawing-room  furniture,  and  has 
been  developed  by  these  exhibitors  in  some  of 
its  most  pleasing  features. 

There  are  so  many  exhibitors  whose  produc¬ 
tions  are  worthy  of  special  notice  and  description, 
that  our  limited  space  will  not  permit  us  to  do 
them  justice,  and  we  regret  to  find  that  we  can 
only  give  a  very  brief  mention  to  the  following: — 
Mr.  Caldecott  exhibits  a  large  oak  sideboard, 
inlaid  with  good  effect,  and  enriched  with  carv¬ 
ings  in  the  renaissance  style,  exceedingly  well 
executed  ;  and  some  satin  wood  tables,  with 
inlaid  borders  of  grey  maple  and  marquetrie, 
which  have  a  very  pleasing  effect. 

Messrs.  Hindley  &  Sons  exhibit  an  oak  Gothic 
bookcase,  elaborately  carved,  the  panels  of  the 
doors  being  of  open  carved  work  of  very  grace¬ 
ful  design  and  fine  execution  ;  and  a  handsome 
walnut  wood  sideboard  of  remarkably  fine  wood 
and  excellent  workmanship. 

Messrs.  Purday  &  Cowtan  exhibit  a  white  and 
gold  cabinet  in  the  Louis  Seize  style,  with  bold 
enriched  mouldings,  the  centre  inclosed  by  a 
door  with  finely  painted  arabesque  ornament 
and  female  figure  in  the  centre,  and  painted 
arabesque  frieze — the  ends  open  with  shelves; 
and  a  very  elegant  maple  wood  wardrobe  inlaid 
with  tulip  and  purple  wood  of  very  graceful 
design. 

Messrs.  Smee  &  Sons  exhibit  a  walnut  cabinet 
of  good  design  and  excellent  workmanship,  the 
panels  of  the  doors  forming  arched  recesses, 
filled  with  elaborately  carved  fretwork;  a  wains¬ 
cot  sideboard,  with  panels  and  mouldings  of 
richly  figured  brown  oak  and  glass  back ;  a  suite 
of  very  fine  figured  birch  wood  chamber  furniture,  with  some 
excellent  carving  introduced  in  the  design. 

Messrs.  Filmer  &  Son  exhibit  a  fine  circular  dining  table  of  pollard 
oak,  the  framework  of  which  extends  equally  all  round,  by  means 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


495 


of  very  ingenious  mechanism,  working  from  the  centre  and  fixing  the 
flaps  which  fit  on  to  the  outer  edge,  thereby  enlarging  the  table  to  the 
required  size;  a  suite  of  bedroom  furniture  of  fine  walnut  wood,  with 
carved  moulding  of  white  wood;  a  centre  ottoman,  made  to  separate 
and  form  easy  chairs;  and  other  objects— all  of  good  workmanship. 

Mr.  J.  M.  Levien  exhibits  a  cabinet  in  the  Pompeian  style,  care¬ 
fully  studied,  and  extremely  well  carried  out  in  its  details ;  a  large 
sideboard,  made  of  New  Zealand  woods;  and  an  inlaid  table  of  geo¬ 
metrical  design— the  different  woods  being  well  contrasted,  and  the 
workmanship  excellent. 

Messrs.  Wilkinson  &  Son  exhibit  a  walnut  wood  chiffoniere,  sur¬ 
mounted  by  a  lofty  mirror  framed  in  accordance,  and  inlaid  with 
white  wood,  some  very  good  carving  being  appropriately  introduced 
in  the  design. 

Messrs.  Clement,  George,  &  Son,  exhibit  a  very  well  designed  oak 
sideboard  in  three  divisions,  the  centre  inclosed,  and  carved  console 
supports  at  each  end,  lofty  glass  back,  the  frame  and  inclosed  centre 
enriched  with  appropriate  carvings. 

Mr.  L.  W.  Collman  exhibits  a  large  wainscot  sideboard  of  original 
design,  in  three  divisions,  enriched  with  bold  carvings  (subjects  of 
the  chase),  with  a  high  raised  back,  in  the  centre  of  which  is  an 
oval  mirror,  and  small  mirrors  on  each  side,  in  front  of  which  are 
shelves  which  support  lamps  of  very  graceful  antique  form. 

Mr.  Launspach  exhibits  a  walnut  wood  chiffonier,  with  glass  back 
of  good  form  framed  in  accordance.  The  chiffoniere  is  inlaid  with 
woods  well  contrasted,  and  the  design  and  workmanship  are  exceed¬ 
ingly  good,  the  general  effect  being  heightened  by  metal  mouldings 
and  enrichments. 

Mr.  Charles  Ellis  exhibits  a  walnut  wood  chiffoniere  with  glass 
over  it,  of  very  neat  design  and  excellent  workmanship. 

Mr.  M  Brunswick  exhibits  several  cabinets  and  tables  of  a  highly 
ornate  character,  all  inlaid  with  buhl  or  marquetrie,  and  enriched 
with  mouldings  and  ornaments  of  bronze,  gilt  or  lacquered. 

Messrs.  Toms  &  Luscombe  exhibit  a  buhl  cabinet  and  two  tables, 
ornamented  with  reproductions  from  good  examples  of  the  period  of 
Louis  Quatorze,  the  workmanship  and  finish  of  which  are  excellent. 

Messrs.  Litchfield  &  Radcliffe  exhibit  an  ebony  cabinet  and  tables, 
inlaid  with  ivory,  and  enriched  with  incrustations  of  marble,  of  good 
design  and  workmanship. 

Messrs.  Herring,  Son,  &  Clark  exhibit  a  sideboard  of  fine  pollard 
oak,  of  good  design  and  workmanship,  with  appropriate  carved 
trophies  well  executed,  and  glass  back ;  also,  a  very  good  dining¬ 
room  chair  in  brown  oak,  to  correspond  with  the  sideboard. 

Messrs.  Dyer  &  Watts  exhibit  a  suite  of  bedroom  furniture  of 
polished  deal,  ornamented  in  imitation  of  inlaid  work  of  different 
woods,  but  done  by  means  of  staining.  The  appearance  of  inlaid 
work  is  successfully  imitated,  the  design  is  good,  and  a  very  pleasing 
effect  is  produced  at  a  very  moderate  cost. 

Messrs.  Heal  &  Son  exhibit  a  white  and  gold  bedstead,  wardrobe, 
and  toilette  table,  in  the  Louis  Seize  style,  excellent  in  design  and 
execution. 

Messrs.  Charlton  &  Company  exhibit  a  white  and  gold  bedstead, 
wardrobe  and  table  in  the  Louis  Quineze  style,  of  pleasing  design 
and  good  execution. 

Mr.  William  Dear  exhibits  a  suite  of  furniture  for  a  boudoir,  of 
grey  maple  and  marquetrie  inlaying,  enriched  with  ormolu  orna¬ 
ments  after  the  style  of  Louis  Seize. 

From  Edinburgh  there  are  three  exhibitors  :  — 

Messrs.  Richard  Whytock  &  Company  exhibit  a  large  sideboard 
of  very  fine  pollard  oak,  the  design,  workmanship,  and  execution  of 
the  carving  all  exceedingly  good. 

Messrs.  Scott  exhibit  a  very  handsome  cabinet  in  the  Louis  Seize 
style  of  ebony  and  purple  wood,  enriched  with  very  finely-chased 
pilasters,  mouldings,  and  ornaments  of  bronze  gilt ;  in  the  centre  of 
the  door  a  graceful  and  well  painted  figure  with  musical  attributes. 


Messrs.  Taylor  &  Son  exhibit  a  handsome  sideboard  and 
sarcophagus  of  fine  walnut  wood,  the  design  of  which  has  some 
novel  features  and  well  executed  carving  appropriately  introduced. 
In  the  centre  of  the  raised  back  is  a  niche  with  a  well  modelled 
and  carved  statuette  of  a  falconer. 

From  Manchester  there  are  also  three  exhibitors: — Messrs.  Bird 
&  Hall  have  an  elegant  bedstead,  and  suite  of  bedroom  furniture  of 
sycamore  and  alms  woods,  which  form  a  delicate  and  pleasing  con¬ 
trast,  well  designed,  and  of  excellent  workmanship  ;  a  pair  of  carved 
candelabra;  and  an  ebony  chiffoniere  enriched  with  ivory  carvings, 
and  surmounted  by  a  lofty  mirror. 

Mr.  Lamb  exhibits  a  large  sideboard  of  rather  an  ambitious 
monumental  character,  and  very  considerable  artistic  merit  in  design 
and  execution.  The  sideboard  is  of  very  richly  figured  pollard  oak, 
and  the  carved  figures,  trophies,  &c.,  of  walnut  wood. 

Mr.  Ogden  has  a  large  pedestal  sideboard  of  light  oak,  with 
pollard  oak  in  the  panels,  and  silvered  glass  in  the  centre  division 
of  the  back.  The  design  is  bold  and  in  good  proportion,  the  carv¬ 
ings  appropriate  and  well  executed. 

Messrs.  G.  &  W.  Trapnell,  of  Bristol,  exhibit  alight  oak  sideboard 
of  bold  original  design,  which  we  should  describe  as  excellent  were 
it  not  for  a  deviation  from  sound  constructive  principle.  The  pro¬ 
portions  are  good,  the  carvings  well  executed,  and  appropriately  and 
effectively  applied. 

Mr.  T.  Knight,  of  Bath,  exhibits  a  pedestal  library  table  of 
novel  construction  and  good  workmanship,  made  of  light  oak,  with 
ebonized  mouldings  and  bronze  handles  to  the  drawers. 

There  are  other  British  exhibitors  whose  works  are  worthy 
of  mention,  but  space  forbids.  We  cannot  omit,  however,  men¬ 
tion  of  the  carvings  of  Wallis  of  Louth,  Kendall  of  Warwick, 
and  W.  G.  Rogers,  all  of  whom  exhibit  works  of  high  artistic 
merit. 

From  France  there  are  many  objects  of  great  beauty  and  high 
artistic  excellence  in  this  class.  Foremost  among  the  eminent  manu¬ 
facturers  who  exhibit  are  Messrs.  Fourdinois  &  Son,  who  have  sent 
an  ebony  cabinet  in  the  Renaissance  style  of  the  period  of  Henry  II., 
which  is  admirable  in  design,  and  perfect  in  execution.  It  consists  of 
an  upper  and  lower  part.  The  lower  part  is  divided  into  three  panels 
by  four  columns,  which  support  the  frieze.  The  columns  are  fluted 
and  encircled  by  carved  bands,  and  have  capitals  similar  to  Ionic, 
from  the  volutes  of  which  spring  carved  husks.  The  centre  panel 
has  an  exquisitely  sculptured  bas-relief  of  the  Rape  of  Proserpine, 
with  four  corner  pieces  representing  the  Arts  and  Sciences,  and  the 
side  panels  and  frieze  are  enriched  with  arabesque  carvings.  The 
upper  part  of  the  cabinet  is  also  in  three  divisions,  the  frieze  and 
cornice  being  supported  by  four  columns,  the  lower  parts  of  which 
are  enriched  by  fine  carving  of  very  graceful  design.  Right  and  left 
of  the  centre  division  are  niches  containing  statuettes  in  high  relief, 
and  the  doors  which  inclose  the  middie  part  are  enriched  with 
sculptured  bas-reliefs  representing  night.  The  cornice  is  surmounted 
by  a  pediment,  in  the  centre  of  which  is  a  shield  for  the  reception 
of  a  crest  or  monogram,  and  on  the  right  and  left  of  it  are  figures  of 
Peace  and  Plenty.  The  ends  and  all  the  mouldings  are  also  beauti¬ 
fully  carved,  but  with  so  much  delicacy  as  not  to  impair  the  effect 
of  the  sculptured  panels.  Incrustations  of  lapis  lazuli  and  jasper 
have  also  been  judiciously  applied,  and  the  front  of  the  fittings  of 
the  interior  is  of  ivory  engraved  and  enriched  with  masks  of  silver 
very  delicately  chased.  Altogether,  it  is  not  too  much  to  say  that 
this  cabinet  is  one  of  the  finest  that  has  ever  been  produced  in  any 
age  or  country.  Messrs.  Fourdinois  also  exhibit  the  magnificent 
chimney  piece  which  was  in  the  Exhibition  of  1855,  and  other  objects 
of  great  excellence. 

F.  Barbedienne,  famous  for  his  artistic  bronzes,  has  enriched  the 
Exhibition  with  two  important  articles  of  decorative  furniture  which 
|  may  justly  claim  to  be  ranked  as  works  of  art.  The  first  is  a  high 
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cabinet  of  ebony,  the  upper  part  inclosed  by  glazed  doors  for  the 
reception  of  rare  and  precious  objects.  The  style  is  that  of  the 
finest  Renaissance,  and  the  elaborate  ornamentation  of  bronze  finished 
as  oxidized  silver  is  new  as  applied  to  furniture,  and  has  a  charming 
and  chaste  effect.  All  the  details  of  the  enrichments  show  most 
careful  study,  guided  by  good  taste,  and  the  delicacy  and  beauty  of 
the  execution  cannot  be  surpassed.  The  other  object  is  a  large  walnut 
cabinet  of  original  design,  ornamented  with  bronzes  and  enriched 
with  carvings  in  the  most  refined  taste  and  delicate  execution. 

M.  Grohe  exhibits  an  ebony  cabinet  in  the  Renaissance  style, 
with  incrustations  of  lapis  lazuli,  &c.  The  panels  of  the  doors  are 
niched,  and  have  bronzed  statuettes  placed  in  them.  The  design 
of  this  cabinet  has  been  carefully  studied ;  the  workmanship  is 
excellent;  and  all  the  carved  enrichments  have  been  admirably 
executed.  M.  Grohe  has  also  three  other  cabinets  of  fancy  woods 
in  the  Louis  Seize  style,  all  excellent  in  design  and  workmanship,  and 
inlaid  and  highly  enriched  with  mouldings  and  ornaments  of  gilt 
bronze,  some  of  which  are  galvano-plastique,  and  others  finely 
chased ;  but  all  very  beautiful,  and  finished  with  the  greatest  care. 
There  are  also  several  tables  and  chairs  of  the  same  high  class  in 
style  and  workmanship. 

Messrs.  Gueret  Brothers  exhibit  a  walnut  wood  buffet  with  some 
admirable  carvings;  a  bookcase  of  the  same  wood  with  ebony 
mouldings ;  a  small  cabinet  of  walnut  wood  ;  and  a  white  and  gold 
cabinet  in  the  Renaissance  style,  all  of  good  design  and  excellent 
workmanship. 

M.  C.  Charmois  exhibits  several  cabinets,  carefully  designed  and 
enriched  with  ormolu  ornaments  and  mouldings,  well  executed  and 
applied  with  taste  and  judgment. 

M.  Chaix  exhibits  a  large  ebonized  oval  cabinet  in  two  parts,  the 
upper  part  intended  for  the  reception  of  jewellery  or  objects  of 
vcrtu,  is  inclosed  by  glazed  doors.  The  form  is  elegant,  the  pro¬ 
portion  is  good,  and  it  is  ornamented  by  four  sculptured  statuettes 
finely  executed  and  enriched  by  carved  ornaments. 

M.  Mazaroz  Ribaillier  exhibits  a  walnut  wood  wardrobe,  the 
doors  of  which  have  carved  panels  of  beautiful  design  and  fine 
execution ;  a  large  walnut  wood  cabinet  or  bookcase  in  the  Greek 
style,  of  great  merit  in  design,  workmanship,  and  ornamentation; 
and  other  objects. 

Jeanselme,  Son,  &  Godin  exbibit  a  large  ebonized  bookcase  in 
the  Greek  style,  consisting  of  an  upper  and  lower  part,  each  in  three 
divisions,  the  centre  of  the  lower  part  open,  of  the  upper  part  inclosed 
by  glazed  doors,  the  end  divisions  being  open  and  fitted  with  shelves. 
The  engraved  ornamentation  has  a  charming  effect,  and  the  carved 
ornaments  and  enrichments  are  all  in  good  taste,  and  finely  executed. 
They  also  exhibit  other  objects  worthy  of  commendation. 

M.  H.  Lemoine  exhibits  a  very  beautiful  wardrobe  in  the  Louis 
XVI.  style,  in  three  divisions,  made  of  tulip  wood,  with  purple  wood 
mouldings,  and  highly  finished  gilt  bronze  enrichments ;  the  centre 
has  a  mirror  with  bevilled  edges,  and  the  doors  of  the  end  divisions 
have  decorative  paintings  in  the  panels  of  very  graceful  design  and 
delicate  execution.  Among  other  objects  of  M.  Lemoine  is  a  cabinet 
of  tulip  wood,  tbe  panels  and  frieze  of  which  are  inlaid  with  white 
metal,  and  elaborately  engraved. 

M.  Sauvrezy  exhibits,  with  other  objects,  several  cabinets  of  the 
style  of  Louis  XIII.  and  Louis  Quatorze,  very  carefully  designed 
and  well  executed. 

Pecquereau  &  Son  exhibit  a  rosewood  wardrobe  of  good  design 
and  workmanship,  with  the  introduction  of  some  carving  in  the 
panels  of  the  doors,  the  design  of  which  is  simple,  elegant,  and  finely 
executed  ;  and  an  elegant  walnut  wood  cabinet ;  and  several  chairs 
of  pleasing  form  and  good  taste. 

Mr.  Kneib  exhibits  a  large  walnut  wood  cabinet  and  bookcase  in 
the  Renaissance  style,  of  excellent  workmanship,  good  propor¬ 
tions,  the  ornamentation  of  which  is  well  designed  and  finished. 


Mr.  Cremer  exhibits  a  high  cabinet  inclosed  by  a  pair  of  doors, 
the  panels  of  which  are  inlaid  with  marquetrie  of  various  woods  in  a 
singularly  bold  and  effective  style,  the  natural  colours  of  the  woods 
being  relied  upon  for  contrast  and  relief.  Carved  figures  and 
columns  are  introduced  in  the  construction  of  the  cabinet,  and  the 
mouldings  are  of  bronze  gilt.  A  table  inlaid  in  the  same  style,  and 
a  purple  wood  cabinet  with  bronze  gilt  enrichments,  and  inlaid 
work  of  a  highly  finished  style,  are  also  worthy  of  commendation. 

Mr.  Balny,  jun.,  exhibits  a  walnut  wood  escritoire  with  ebony 
mouldings,  and  new  bronze  galvano-plastique  enrichments  on  the 
fronts  of  the  drawers  and  turned  handles,  and  table  in  the  same  style. 

Mr.  Ribal  exhibits  an  extending  walnut  wood  dining  table  on 
well-designed  carved  supports,  of  good  workmanship. 

There  are  other  French  exhibitors  whose  productions  are  worth}' 
of  notice  did  space  permit,  but  we  must  now  pass  on  to  the  Italian 
exhibitors,  foremost  among  whom  we  must  place — 

Professor  Burbetti,  who  exhibits  a  large  walnut  wood  bookcase,  a 
cabinet  for  the  reception  of  objects  of  vertu,  and  a  carved  bench. 
They  are  all  of  the  style  of  the  sixteenth  century,  and  richly  orna¬ 
mented  with  arabesque  carvings,  the  lines  and  forms  of  which  are 
distinguished  by  great  beauty  and  artistic  execution.  Not  the 
smallest  deviation  has  been  made  from  sound  constructive  principle 
in  the  designs,  and  the  proportions  of  the  various  parts  are  all  that 
can  be  desired. 

Mr.  Lanetti  exhibits  a  circular  table  upon  a  tripod  stand.  The 
top  of  this  table  is  divided  into  small  compartments  inlaid  with 
marquetrie,  and  has  an  arabesque  border  with  medallions  of  heads. 
The  whole  of  the  inlaid  work  is  finely  engraved,  the  tripod  stand  is 
well  designed,  and  the  execution  good. 

Levera  Brothers  &  Company  exhibit  many  objects  chiefly  of  a 
commercial  character,  the  most  important  being  a  large  bookcase, 
consisting  of  an  upper  and  lower  part,  each  part  being  in  five 
divisions,  inclosed  by  folding  doors.  It  is  inlaid,  and  profusely 
enriched  with  very  bold  ormolu  ornaments,  freely  designed  and  care¬ 
fully  finished,  but  which  cannot  be  classed  under  any  particular  style. 

Giovanni  Odifredi  exhibits  a  carved  and  inlaid  cabinet  toilet  and 
writing  table  of  novel  construction ;  the  toilet  table  forming  one  side, 
and  the  writing  table  the  other. 

Although  not  coming  strictly  within  the  definition  of  furniture, 
we  cannot  pass  without  notice  the  carved  frames  of  Professor  P. 
Giusti,  admirable  for  taste  and  execution  ;  and  the  small  cabinet  of 
Mr.  G.  B.  Gatti,  the  inlaying  of  which  is  charming  in  design  and 
beautifully  executed. 

The  Art  and  Industrial  Union  of  Copenhagen  exhibits  a  cabinet  or 
bookcase  of  good  design  and  workmanship.  It  is  of  walnut  wood 
with  strong  mountings ;  the  pilasters  and  framing  are  panelled  with 
ebony  inlaid  with  light  wood,  and  the  doors  which  inclose  the  lower 
part  have  incrustations  of  tortoise-shell  of  oval  form  in  the  centre  of 
each  panel.  It  is  a  well-proportioned  piece  of  furniture,  and  the 
ornamentation  has  a  pleasing  effect.  The  same  exhibitors  have  a 
chair  of  very  good  design  and  workmanship,  and  other  objects. 

J.  G.  Lund  of  Copenhagen  exhibits  a  large  china  and  plate  cup¬ 
board  made  of  wainscot,  of  bold  design,  good  workmanship,  and 
carving. 

Austria  is  only  a  small  contributor  of  furniture. 

Mr.  P.  Schmidt  exhibits  a  state  bedstead  of  walnut  wood  in  the 
Renaissance  style,  of  very  good  workmanship,  panelled,  moulded,  and 
enriched  by  carving  well  executed ;  and  a  buffet  in  the  same  wood, 
of  good  Renaissance  design,  the  workmanship  and  carving  of  which 
are  also  very  good. 

Mr.  Metzuer  exhibits  an  inlaid  walnut  wood  circular  table  of  good 
design  and  execution. 

Thonet  Brothers  exhibit  a  variety  of  chairs  of  bent  wood  remark¬ 
able  for  cheapness  and  elegance  of  form ;  and  Mr.  J.  Maunstein 
exhibits  some  very  ingeniously-contrived  portable  furniture. 


1.— ASTRONOMICAL  INSTRUMENTS  AND  GLASS 
FOR  OPTICAL  PURPOSES. 

By  T.  R.  Robinson,  D.D.,  F.R.S.,  F.R.A.S.,  &c.,  &c.,  Astrono¬ 
mer  of  the  Armagh  Observatory. 

HE  progress  of  astronomy  has 
from  the  beginning  kept  pace  with 
I  that  of  human  intellect.  Even 
before  the  dawn  of  authentic  his¬ 
tory,  we  find  that  the  stars  had 
been  grouped  into  constella¬ 
tions  ;  the  lengths  of  the  month 
and  year  were  approximately 
determined ;  the  motions  of 
the  principal  planets  were  re¬ 
ft  cognized,  and  eclipses  roughly 
predicted.  By  degrees  the 
relative  places  of  the  stars  were 
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determined ;  it  was  discovered  that  they  were  not  absolutely  fixed, 
and  it  was  found  that  observations  of  the  sky  could  measure  the 
earth,  as  they  had  long  guided  sailors  over  the  pathless  deep.  With 
the  lapse  of  successive  centuries,  this  science  has  continually  risen 
in  the  estimation  of  mankind ;  sometimes  abused  by  superstition  or 
fraud,  sometimes  persecuted  by  ignorance  or  bigotry  ;  but  for  the 
most  part  cherished  and  honoured  as  amongst  the  highest  and 
most  ennobling  objects  to  which  the  mind  can  be  devoted.  With 
those  transcendent  achievements  of  mathematical  science,  which 
have  interpreted  or  even  anticipated  its  facts,  we  are  not  now  con¬ 
cerned  ;  but  the  practical  part  of  it  is  of  equal  importance,  whether 
considered  with  respect  to  the  almost  absolute  precision  which  it 
requires  in  the  instruments  that  it  employs,  or  the  combined  know¬ 
ledge  and  dexterity  which  are  essential  to  their  successful  use. 
These  elements  react  on  each  other ;  the  progress  of  theory  requires 
more  accurate  data,  to  supply  which  new  means  of  observation  are 
invented ;  these,  again,  disclose  unexpected  facts,  which  originate 
new  lines  of  thought  and  deeper  investigations.  We  must  press  on, 
for  our  goal  recedes  before  us.  The  astronomer  of  the  present  day 
despises  the  circle  or  transit  which  fifty  years  ago  was  a  wonder  of 
the  world ;  and  probably  the  close  of  the  century  will  find  those 
which  we  now  complacently  admire,  rejected  as  lumber.  It  may 
therefore  be  assumed  that  astronomical  instruments  present  no  un¬ 
fair  criterion  of  mechanical  progress  in  its  most  refined  development. 

How  far  the  present  Exhibition  gives  such  evidence  of  improve¬ 
ment  will  be  more  easily  understood  by  those  who  are  not  familiar 
with  the  subject,  after  a  few  words  in  explanation  of  what  the 
astronomer  has  to  do,  and  by  what  means  he  does  it. 

His  most  important  task  is  to  determine  the  places  of  stars.  This, 
whenever  it  can  be  done,  is  performed  by  observations  on  the 


meridian.  A  telescope  is  adjusted  to  move  in  the  plane  of  that 
circle ;  its  axis  bears  a  graduated  circle,  whose  divisions  give  the 
polar  or  zenith  distance  of  a  star  which  traverses  the  centre  of  its 
field  of  view ;  or  the  time  of  passage  over  a  system  of  parallel  lines 
fixed  in  its  focus,  as  measured  by  a  sidereal  clock,  gives  the  other 
element  of  its  place,  the  right  ascension.  The  precision  of  these 
results  depends  on  the  exactness  of  the  divisions  and  the  power  of 
subdividing  them  to  a  very  minute  extent,  on  the  excellence  of  the 
clock,  and  on  the  unchangeable  position  of  the  instrument,  and  the 
certainty  of  the  means  provided  to  observe  its  deviations  from  its 
normal  position.  Till  recently  these  two  measures  were  made 
by  separate  instruments — the  first  by  the  quadrant  or  circle,  the 
second  by  the  transit  instrument — but  the  meridian  circle  (which 
unites  the  powers  of  both)  is  now  preferred.  These  meridian 
observations  constitute  the  staple  of  a  great  observatory’s  work ; 
and  every  star  which  is  carefully  determined  by  them  becomes,  as 
it  were,  a  landmark  in  the  sky. 

Secondly,  there  are  many  observations  which  cannot  be  made 
on  the  meridian  :  a  comet,  for  instance,  may  pass  it  in  daylight, 
and  must  be  taken  in  whatever  part  of  the  heavens  it  can  be  seen  ; 
or  it  may  be  desirable  to  have  many  observations  of  an  object  on 
the  same  day.  This  power  is  given  by  the  equatorial,  which  has 
two  axes,  of  which  the  principal,  the  polar,  is  parallel  to  that  of  the 
earth  ;  at  right  angles  to  this  turns  the  declination  axis,  carrying  the 
telescope.  If  that  be  pointed  to  a  star,  it  will  follow  in  its  track  by 
the  motion  of  the  polar  axis  alone.  A  circle  on  that  axis  measures 
its  motion,  and  one  on  the  other  gives  the  star’s  polar  distance.  It 
is  evident  that  the  action  of  such  an  instrument  is  much  more  com¬ 
plex  than  that  of  one  which  moves  only  in  the  meridian,  and  in 
which  the  strain  is  invariable  in  quantity  and  direction.  It  there¬ 
fore  cannot  be  expected  to  give  places  with  the  same  precision,  and 
it  requires  the  skill  of  the  mere  instrument-maker  to  be  guided  by 
the  highest  order  of  engineering  science  in  its  construction.  Ex¬ 
amples  are  not  wanting  where  artists  of  high  fame  have  failed  in 
obtaining  the  necessai’y  union  of  stiffness  and  free  motion ;  and  it 
is  obvious  that  the  difficulties  increase  rapidly  with  the  size.  The 
use  of  the  equatorial  in  measurement  is  twofold  :  it  determines  the 
differences  between  the  polar  distances  and  right  ascensions  of  any 
celestial  object  and  a  known  star — the  first  by  a  micrometer,  the 
second  by  the  times  of  their  passages  over  a  wire.  This  requires 
absolute  steadiness  durinxj  the  time  of  the  observation ,  and  sufficient 
accuracy  of  the  adjustments,  to  identify  the  star  of  comparison.  Or 
it  is  employed  in  a  most  interesting  branch  of  astronomy,  the  study 
of  double  stars,  and  their  relative  orbits.  For  this  sort  of  observa¬ 
tions  the  movable  wires  of  the  micrometer  are  separated  till  they 
bisect  the  components  of  the  double  star,  and  the  micrometer  itself 
is  turned  round  till  its  perpendicular  wire  is  in  the  line  which  joins 
their  centres.  The  reading  of  the  micrometer  screws  gives  the 
distance,  and  that  of  the  position  circle  gives  the  angle  of  position, 

3  R 


498 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


and  these  two  elements  determine  the  orbital  condition  of  the  star 
at  the  time  of  observation.  To  effect  this  it  is  necessary  that  the 
equatorial  should  keep  pace  with  the  star,  and  a  dexterous  observer 
can  effect  this  by  hand ;  yet,  especially  with  large  instruments,  it 
is  far  better  done  by  clockwork,  which,  however,  cannot  be  regu¬ 
lated  by  an  escapement,  as  its  motion  must  be  continuous,  and 
which  must  be  extremely  accurate,  as  its  errors  (and  this  is  true 
also  of  any  tremors  of  the  instrument)  are  magnified  by  the  telescope 
perhaps  a  thousand  fold.  The  various  forms  of  the  equatorial  are 
almost  countless,  but  may  be  reduced  to  two  classes.  In  the  first, 
,  commonly  called  the  English  form,  the  polar  axis  is  of  considerable 
length,  and  supported  at  each  extremity;  it  bears  the  telescope 
either  within  its  branches,  or  at  one  end  of  the  declination  axis 
which  passes  through  it,  and  has  a  circle  and  counterpoise  at  the 
other.  Of  this,  Ramsden’s  at  Greenwich,  Sir  James  South’s,  Mr. 
Bishop’s,  the  Northumberland  one  at  Cambridge,  and  the  new 
Greenwich  one  (of  which  a  model  should  have  been  exhibited),  are 
the  most  remarkable  examples.  The  other  class,  and  the  most 
numerous,  has  both  the  bearings  of  the  polar  axis  below  the  declina¬ 
tion  axis.  It  is  commonly  called  the  German,  because  Fraunhofer 
used  a  modification  of  it;  but  it  is  in  principle  the  same  as  the  stand 
used  by  English  opticians  for  the  last  century.  It  possesses  over 
the  other  the  advantages  of  comparatively  small  bulk  and  greater 
strength,  and  it  is  the  only  one  practicable  on  that  enormous  scale 
which  is  now  likely  to  be  required  by  the  progress  of  astronomy. 
One  of  its  types  is  the  most  gigantic  in  existence,  carrying  Lassel’s 
reflector  of  4  feet  aperture  and  36  focus ;  another,  contrived  by 
Grubb,  is  exemplified  by  one  now  exhibited,  and  by  Mr.  Cooper’s 
still  larger  one  of  13£  inches  aperture,  and  25  feet  focus,  which  was 
the  first  constructed  of  cast-iron,  and  has  been  in  active  work  for 
twenty-eight  years ;  and  the  third,  the  real  German,  or  rather  Munich 
one,  is  well  known  by  the  great  instruments  of  Poulkova  and  the 
American  Cambridge. 

Thirdly,  we  have  to  consider  the  telescope,  not  as  a  part  of  a 
circle  or  equatorial,  but  as  an  instrument  of  vision.  Its  perfection 
in  this  respect  depends  on  the  quality  of  the  glass  of  which  its  lenses 
are  made,  on  the  figure  and  polish  which  is  given  to  them,  and  very 
materially  on  the  way  they  are  mounted. 

If,  then,  we  examine  with  respect  to  these  three  heads  the  astro¬ 
nomical  department  of  the  Exhibition,  we  shall  find  that  the  meridian 
instruments  are  scarcely  represented.  There  are  several  transit 
instruments,  but  mostly  of  old  and  unstable  constructions,  and  too 
small  to  command  stars  in  the  daytime.  It  is  to  be  regretted  that 
our  artists  do  not  copy  better  models — for  instance,  that  in  which 
the  Germans  use  the  “broken  telescope,”  where  the  eyepiece  is 
in  one  of  the  pivots,  and  the  observer’s  line  of  sight  is  always 
horizontal,  and  which  unites  in  a  high  degree  the  requisites  of 
portability  and  steadiness. 

MERIDIAN  CIRCLES  do  not  appear  at  all ;  yet  we  expected  a  model 
of  the  Greenwich  circle  (which  will  certainly  for  some  time  to  come 
be  a  standard  pattern),  and  we  hoped  for  at  least  some  of  the  smaller 
works  of  (Ertel,  Repshold,  or  Pistor.  These  surely  could  have  been 
obtained  by  a  little  forethought  or  exertion  on  the  part  of  the  Com¬ 
missioners,  and  ought  to  have  appeared.  They  who  undertake  to 
direct  an  enterprise  like  this,  contract  an  obligation  to  mankind  which 
they  cannot  discharge  by  gratifying  idle  curiosity,  or  ministering  to 
,  commercial  speculations.  The  Exhibition  should  be  a  record  of 
progress,  a  glass  in  which  whoever  looks  may  see  revealed  the  col¬ 
lected  results  of  that  immeasurable  power  of  mind  which  is  at  work 
to  extend  in  every  direction  the  domain  of  Industry  and  the  grasp  of 
Knowledge.  The  responsibility  of  such  a  duty  is  not  to  be  evaded 
by  throwing  it  on  blind  chance,  or  by  reckoning  cost,  much  less  by 
blunders ;  and  we  cannot  accept  as  legitimate  the  decision  that  (for 
instance)  placed  under  the  same  superintendent  the  class  of  philo¬ 
sophical  instruments,  containing  the  most  marvellous  triumphs  of 


exact  theory  and  mechanical  skill,  with  the  class  of  skins  and 
feathers,  and  that  of  leather  and  harness !  Class  13  required  a 
manager  of  its  own,  one  familiar  with  the  requirements  of  physical 
science  ;  and  under  such  a  one  it  might  have  been  made  a  school  of 
construction  which  would  have  restored  our  opticians  to  that  pre¬ 
eminence  which  they  possessed  in  Europe  at  the  beginning  of  this 
century,  but  which  they  have  now  nearly  lost. 

THE  AZIMUTH  CIRCLE  differs  from  the  meridian  one  by  turning  on 
a  vertical  as  well  as  a  horizontal  axis,  and  by  having  a  second  circle, 
which  is  horizontal.  It  is  of  course  less  exact,  but  has  occasionally 
done  good  work.  Those  of  Piazzi  and  Brinkley  are  renowned  in 
astronomical  history ;  and  one  at  Greenwich  is  accumulating  valu¬ 
able  observations  of  the  moon.  Of  this  class  there  are  but  two 
exhibited  of  any  importance — Elliot  (2897),  is  after  an  old  pattern 
of  Troughton:  Brunner,  France  (1415),  is  better;  its  vertical  part 
resembles  the  Munich  circles,  the  four  microscopes  which  read  its 
divisions  being  carried  by  a  strong  brass  frame  provided  with  a 
sensible  level  to  record  any  shifting.  An  instrument  of  this  kind  is 
scarcely  to  be  recommended  except  for  geodetic  or  geographical  pur¬ 
poses,  and  for  them  it  is  inferior  to  the  Munich  universal  instrument, 
of  which,  however,  no  specimen  appears. 

EQUATORIALS  muster  strong,  from  the  tiny  stavfinder  (2916),  to  the 
colossus  of  20  inches  aperture,  and  28  feet  focus  ;  and  though  many  of 
them  are  little  more  than  stands,  they  are  nearly  all  furnished  with 
circles  quite  competent  to  find  an  object  whose  place  is  known.  This 
is  satisfactory  as  indicating  that  the  mere  stargazer  is  becoming  an 
observer;  and  the  number  of  these  instruments  shows  that  there  is 
in  the  country  the  power  of  doing  a  great  amount  of  astronomical 
work.  It  is  surprising  how  much  can  be  effected  with  very  slight 
means  when  will  meets  skill ;  even  the  toylike  affair  first  mentioned 
might  do  great  things  in  good  hands.  It  was  with  a  smaller  teles¬ 
cope  that  Wollaston  observed  Venus  close  to  the  sun,  and  proved 
the  limited  extent  of  the  latter’s  atmosphere  ;  with  one  not  much 
larger  that  Olbers  added  two  new  planets  to  our  system.  Nearly 
all  of  these  equatorials  are  quite  sufficient  to  observe  comets,  find 
new  asteroids,  watch  solar  spots  and  lunar  mountains,  or  map  a 
degree  or  two  of  the  vast  multitude  of  stars  which  remain  undeter¬ 
mined,  if  those  who  may  possess  them  will  use  them  with  steady 
and  definite  purpose. 

None  except  the  largest  have  the  friction  of  their  axes  relieved 
bj'  springs  or  counterpoises,  which,  in  fact,  is  not  necessary  when 
the  telescope  is  under  5  inches  aperture,  and  there  is  mostly  a  provi¬ 
sion  for  adjusting  the  polar  axis  to  any  European  latitude,  which  occa¬ 
sionally,  as  in  Dalmeyer  (2888),  deserves  attention.  Among  them 
may  be  specially  noticed  Yeates  (2996),  for  the  compact  arrange¬ 
ment  of  the  clock;  Dalmeyer  as  above;  but  chief, Cooke  (2880), whose 
largest  instrument,  8  inches  aperture,  may  (as  far  as  can  be  decided 
by  such  limited  examination  as  is  possible  to  unofficial  visitors)  be 
placed  among  the  highest  for  design  and  execution.  It  is  to  be 
hoped  that  some  more  detailed  account  of  this  instrument  and  those 
just  mentioned,  will  be  given  in  the  reports  of  the  jury ;  but  in  the 
meantime, we  shall  attempt  to  illustrate  the  subject  by  a  brief  descrip¬ 
tion  of  one  larger — Grubb  (2905)— in  which  the  various  difficulties 
that  exist  are  conquered  by  simple  but  most  effective  mechanical 
contrivances  more  completely  than  in  any  other  with  which  we  are 
acquainted. 

Its  polar  axis  is  a  strong  hollow  cone  of  cast-iron,  6  feet  long, 
and  11  inches  diameter  at  top;  below  it  terminates  in  a  cylindric 
pivot,  whose  slightly  convex  end  bears  on  a  plane,  both  of  hard  steel, 
and  which  turns  in  a  collar  which  can  be  adjusted  by  two  screws  to 
make  the  axis  exactly  polar.  The  upper  bearing  is  1 1  inches  dia¬ 
meter,  turning  on  two  planes  of  bell-metal  forming  a  Y  of  60°.  This 
axis  carries  a  strong  cross-head  in  which  the  declination  axis  (a  strong 
cast-iron  tube)  turns  on  two  similar  Y  s  three  feet  apart,  one  bearing 
I  being  10  inches,  the  other  8  inches  diameter.  At  one  end  of  this 
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axis  is  the  counterpoise  of  the  tube,  and  the  declination  circle,  15 
inches  diameter,  which  is  read  from  the  ground  by  a  microscope  of 
special  construction ;  *  at  the  other  are  the  declination  clamp,  a  very 
effective  one;  and  the  cast-iron  cradle,  3  feet  long,  in  which  the  tube 
is  strongly  secured  by  iron  semicircles.  So  far  there  is  little  pecu¬ 
liar,  but  from  the  great  weight  of  its  parts  such  an  instrument  could 
scarcely  be  used  without  very  effective  means  to  diminish  its  friction. 


The  tube  and  object-glass  weigh  about 

Lbs. 
.  250 

The  counterpoise,  .  .  . 

• 

« 

180 

Polar  axis  and  crosshead,  .  . 

• 

350 

Its  sector  and  circles,  .... 

70 

Declination  axis,  .... 

* 

• 

150 

In  all,  . 

.  1000 

Now  if  this  weight  acted  uniformly,  and  in  a  constant  direction  on 
the  surfaces  which  support  it,  it  would  be  an  easy  matter  to  manage 
it.  The  most  obvious  way  is  to  make  all  the  bearings  friction 
wheels;  but  though  these  give  extreme  freedom  of  motion,  that 
motion  has  a  character  fatal  to  our  object — an  unsteadiness  like 
that  of  a  suspended  body.  The  bearings  must  therefore  be  fixed, 
and  the  friction  wheels  must  leave  a  certain  part  of  the  weight  to 
press  on  them.  A  regular  analysis  of  the  distribution  of  pressures 
through  a  revolution  of  the  telescope  need  not  be  given  here,  but  it 
will  be  useful  to  have  some  idea  of  their  mode  of  action.  Supposing 
this  instrument  erected  in  lat.  52,  or  a  little  north  of  London  : — First, 
the  sloping  polar  axis  presses  on  its  pivot  with  a  force  of  788  lbs., 
and  on  its  upper  bearing  with  609  lbs.  The  first  of  these  pressures 
from  the  nature  of  pivot  friction  does  little  harm  in  an  instrument 
of  this  sort ;  it  may,  however,  be  mentioned  that  a  contrivance  to 
remedy  this  is  found  in  the  design  of  a  4  feet  southern  reflector, 
which  Mr.  Grubb  prepared  for  a  joint-committee  of  the  Royal  Society 
and  British  Association,  who  had  reason  to  expect  that  the  Govern¬ 
ment  would  erect  such  an  instrument  in  one  of  our  Australian 
territories,  to  do  for  the  Southern  sky  what  Lord  Rosse  is  doing  for 
the  Northern.  The  Crimean  war  prevented  this,  but  there  are  hopes 
that  it  will  be  carried  into  effect  at  Melbourne  by  the  authorities  of 
that  prosperous  and  energetic  colony.  The  plan  for  that  telescope 
contained  all  the  arrangements  previously  described,  with  others 
made  necessary  by  its  greater  dimensions.  The  second  pressure, 
besides  causing  much  friction,  would  cut  up  the  acting  surfaces 
and  destroy  their  truth.  It  is  relieved  by  a  single  friction  wheel 
acting  at  the  angle  of  the  Y,  carried  by  the  short  arm  of  a  steel 
lever,  the  longer  one  being  drawn  down  by  an  external  screw 
and  its  fulcrum  being  on  the  back  of  the  strong  iron  case,  which, 
fixed  to  a  stone  pier,  supports  the  whole.  The  elasticity  of  the 
steel  acts  as  a  spring,  and  the  screw  is  tightened  to  the  limit  of 
steadiness.  With  respect  to  the  declination  axis  it  will  suffice  to 
consider  the  two  cases — when  it  is  horizontal,  and  in  the  meridian. 
In  the  first,  the  lower  planes  of  the  Y  s  are  pressed  with  528  lbs. ;  and 
the  tendency  to  slide  down  them  produces  a  pressure  in  the  direction 
of  the  polar  axis  of  123  lbs.,  and  an  equal  one  on  the  upper  Y s.  In 
the  second,  the  axis  tends  to  slide  down  with  351  lbs.  (which  must  be 
prevented  by  a  stop),  and  presses  in  the  direction  of  the  polar  axis 
with  449  lbs.  These  are  large  numbers,  and  in  the  case  before  us 
the  friction  is  one-tenth  of  the  pressure.  That  part  of  the  declina¬ 
tion  frictions  which  is  parallel  to  the  polar  axis  is  easily  removed 
by  another  steel  lever  centred  above  the  crosshead,  and  bearing  at 
each  end  a  suspended  pair  of  friction  wheels  which  take  the  declina¬ 
tion  axis  outside  the  crosshead ;  the  screws  of  the  suspension  rods  are 
tightened  till  its  elasticity  relieves  that  part  of  the  pressure.  The 
other  two  parts  are  controlled  by  another  arrangement  which  is 
shown  in  the  annexed  figures,  of  which  Fig.  655  is  a  vertical  section, 

*  This  and  some  other  delicate  parts  have  not  been  attached  to  the  instru¬ 
ment  in  the  present  instance,  as  it  seemed  unnecessary  to  incur  the  risk  of  trans¬ 
port. 


Fig.  655. 


and  Fig.  656  a  horizontal  section.  In  these  Figs,  the  crosshead  is 
omitted  as  not  concerned  in  the  action,  p  p  is  the  top  of  the  polar  axis, 
in  which  is  fitted 
freely  but  without 
shake  the  lever,  L  L ; 
the  lower  end  of  this 
carries  (within  the 
hollow  axis)  the 
counterpoise  w;  the 
upper,  which  is 

formed  into  the  fork, 

F  F,  carries  the  strong 
bronze  pieces,  b  b. 

Each  of  these  carries 
three  friction  wheels, 
r  r  and  r',  of  which 
the  two  first  bear  on 
projecting  rings,  c  c, 

Fig.  655,  left  on  the 
declination  axis,  and 
he  third,  r',  is  en¬ 
gaged  in  the  hollow 
between  them.  In 
Fig.  655  a  part  of  c 
is  cut  away  to  show 
r'.  Now  in  the  first 
case  the  action  of 
the  lever,  l  l  w, 
makes  the  lower 
pair  of  wheels,  r  r, 
bear  on  the  edges 
of  c  c,  and  relieve 
that  pressure ;  in 
the  second,  both 
wheels,  r'  r',  oppose 
the  tendency  to  slide 
down  by  supporting 
the  flat  parts  of  the 
upper  c  c.  In  any 
intermediate  posi¬ 
tion  it  is  obvious 
that  four  wheels 
will  be  in  play,  and 
effect  a  reduction  of 
the  friction  suffi¬ 
ciently  uniform.  In 
fact  it  is  found  that 
a  force  of  one  pound 
applied  at  the  eye¬ 
piece  moves  the 

telescope  easily  and  smoothly  in  any  direction. 

The  telescope  has  12-1  inches  clear  aperture,  and  19  5  feet  focus. 
Its  tube  is  16  inches  diameter  at  the 
cradle.  It  is  made  of  strong  tinned  iron, 
strengthened  by  an  internal  framework 
of  cellular  diaphragms  and  ribs  placed 
at  small  distances,  and  soldered  to  it. 

In  Fig.  657  is  a  longitudinal  section  at 
one  of  the  diaphragms,  and  Fig.  658  is 
a  transverse  section  of  the  tube  and  its 
ribs.  These  not  only  give  it  great  stiff¬ 
ness,  but  damp  any  vibrations  of  the 
tube  which  might  be  very  injurious 

to  distinctness  of  vision ;  and  the  stiffness  secures  the  adjustment 
of  the  object  glass,  which  consists  in  its  optic  axis  being  in  a  lino 


Fig.  656. 

Grubb's  Telescope— Vertical  and  Horizontal  Sections  of 
Anti-friction  Bearings. 


Grubb’s  Telescope— Sections  of 
Tube. 
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with  that  of  the  eyepiece.  This  cannot  be  maintained  if  the  tube  bends, 
and  a  want  of  it  is  very  injurious  to  the  performance  of  the  telescope. 

THE  CLOCK  is  regulated  by  a  centrifugal  pendulum — two  balls 
suspended  from  a  horizontal  bar,  with  liberty  to  move  only  in  its 
plane.  When  it  turns  rapidly  they  recede  from  the  vertical  till  arms 
connected  with  them  rub  on  a  horizontal  plate,  fixed  at  the  proper 
height  above  them.  The  friction  prevents  any  increase  of  velocity, 
which  can  easily  be  adjusted  by  raising  or  lowering  the  plate.  This 
acts  better  than  the  common  governor,  whose  balls  have  often  an 
elliptic  instead  of  a  circular  motion,  which  causes  fluctuations  of 
speed.  The  endless  screw  does  not  act  on  the  hour  circles,  but  on  a 
ratcliett  sector  of  26  inches  radius,  which  can  be  clamped  to  them. 
This  system  works  with  surprising  precision.  In  Mr.  Cooper’s  massive 
equatorial,  constructed  by  the  same  optician,  a  star  has  been  kept 
by  it  bisected  through  the  whole  range  of  the  sector. 

THE  HOUR  CIRCLE  (14  inches  diameter)  is  fixed  to  the  lower  part 
of  the  polar  axis,  and  easily  accessible  from  the  ground.  It  is  read 
by  microscopes  with  glass-divided  scales  in  the  eyepieces,  which 
subdivide  the  divisions  more  simply  than  micrometer  screws,  and 
more  easily  than  verniers.  Below  this  is  another  similar  circle, 
now  found  in  most  first-rate  equatorials,  which  is  movable  on  the 
axis,  but  can  be  independently  clamped  to  the  sector.  It  is  a 
great  convenience ;  for  the  fixed  circle  only  gives  the  time  from 
the  meridian,  but  this  when  set  shows  right  ascension  directly. 

THE  FINDER  deserves  a  separate  notice  under  another  head. 

Still  more  gigantic  than  the  instrument  which  we  have  been 
describing,  is  Buckingham’s  (2867).  Its  telescope  has  20  inches 
aperture,  and  28  feet  focus.  One  of  the  same  aperture  was  con¬ 
structed  a  few  years  ago  at  Paris  by  Porro,  an  artist  of  surpassing 
talent,  but  who  seems  to  have  scarcely  met  with  fair  play  ;  of  its 
performance  there  is  no  authentic  record.  One  of  21  inches  has 
more  recently  been  made  by  Alvan  Clarke,  of  New  York,  which  has 
given  proof  of  its  excellence  by  revealing  the  companion  of  Sirius  ; 
and  one  of  27  is  in  construction  by  M.  Secretan  for  the  observatory 
of  Paris.  This  telescope  is  therefore  almost  unique,  if  its  excellence 
be  in  proportion  to  its  magnitude.  Of  course  full  information  as  to 
this  important  point  will  appear  in  the  report  of  the  jury,  who  would 
not  have  awarded  a  medal  to  it  without  having  at  least  ascertained 
that  it  defines  well  with  its  whole  aperture.  Every  practised  observer 
knows  of  telescopes  which  may  behave  tolerably  well  with  a  low 
power  on  certain  objects — for  instance,  on  the  moon ;  but  when 
turned  to  a  close  double  star,  or  one  of  the  first  magnitude,  show  a 
mere  wisp  of  flare.  In  such  a  case  every  square  inch  of  defective 
surface  not  only  confuses  vision,  but  adds  in  a  triplicate  ratio  to  the 
difficulty  of  supporting  or  moving  the  instrument.  We  have  been 
unable  to  obtain  any  information  as  to  the  bearings  of  the  counter¬ 
poises,  and  the  internal  framing  of  the  axes  and  tube,  though  we 
applied  for  it,  and  therefore  can  only  judge  by  external  appearance, 
which  leads  us  to  doubt  whether  the  machine  has  sufficient  strength 
to  support  its  load  without  tremors.  The  attachment  of  the  declina¬ 
tion  axis  to  the  tube  does  not  seem  sufficiently  firm  or  extended ; 
and  that  axis  appears  too  long  and  slight  to  check  the  vibration  of 
the  great  masses  at  its  extremities.  It  is  also  desirable  to  know, 
whether  any  means  are  used  to  relieve  the  pressure  at  the  edges  of 
the  lenses  where  they  rest  on  their  cell.  Their  weight  must  be 
considerable ;  and  if  not  actually  sufficient  to  crush  or  spaul  the 
glass  (and  dense  flint  is  very  tender),  it  may  produce  by  pressure  a 
temporary  double  refraction.  For  these  and  other  reasons,  we  fear 
this  great  experiment  has  been  conducted  without  full  appreciation  of 
the  difficulties  which  beset  it ;  but  we  hope  it  will  be  carefully  tested, 
and  the  result  given  by  some  competent  authority  to  the  public. 

TELESCOPES  are  numerous,  of  all  sizes,  from  those  just  mentioned 
down  to  the  opera  gLss ;  but  present  few  novelties.  In  respect  of 
the  most  important  of  their  materials,  it  is  generally  known  that  the 
achromatic  object  glass  is  composed  of  a  lens  of  crown  or  plate 


glass  and  one  of  flint.  For  this  use,  both  these  substances  should 
be  of  uniform  density  throughout,  but  this  essential  condition  is 
hard  to  obtain.  Even  crown  contains  bodies  of  different  density, 
which  tend  to  separate  in  patches  or  striae  during  that  state  of  viscid 
fluidity  which  is  produced  in  the  furnace  ;  and  the  lead  which  gives 
flint  its  peculiar  powers  is  still  more  liable  to  this  mischance.  Any 
attempt  to  make  the  mass  homogeneous  by  stirring  in  the  latter 
parts  of  the  process,  would  effectually  spoil  it.  Till  a  recent  date, 
therefore,  our  opticians  were  obliged  to  select  from  large  blocks  any 
morsels  which  happened  to  be  tolerably  uniform  in  their  refractive 
powers,  and  could  scarcely  procure  at  any  price  one  more  than  4 
inches  diameter.  At  length  Guinand,  a  poor  Swiss  watchmaker,  suc¬ 
ceeded  by  untiring  enthusiasm  and  labour  in  making  discs  of  good 
glass  with  comparative  certainty  ;  his  discovery  was  at  once  adopted 
in  France  and  Bavaria;  and  thenceforth  English  telescopes,  which 
had  supplied  the  whole  world,  were  replaced,  even  among  ourselves, 
by  those  of  Paris  or  Munich.  South’s  great  object  glass,  those  of 
Cooper’s  observatory,  those  of  Cambridge  and  Greenwich,  are  all 
foreign.  Any  competition  on  our  part  was  absolutely  fettered  by 
the  unwise  meddling  of  our  excise  laws  as  applied  to  the  manu¬ 
facture  of  glass.  In  illustration  of  the  spirit  in  which  they  were 
administered,  it  may  be  mentioned  that  the  writer  of  this,  wishing 
in  1818  to  experiment  in  making  optical  glass,  applied  to  the  excise 
authorities  for  permission  to  construct  a  small  furnace  in  his  college 
Chambers ;  but  though  his  connection  with  the  chair  of  natural 
philosophy  in  a  great  university  ought  to  have  been  a  sufficient 
guarantee,  he  was  informed  that  such  permission  was  impossible. 
This  unwise  legislation  was  at  length  swept  away,  and  almost 
immediately  our  manufacturers  took  their  place  in  this  department 
at  the  head  of  Europe.  Nowhere  else  have  been  found  such  discs 
as  the  two  of  crown  and  flint  25  inches  diameter,  exhibited  by  Messrs. 
Chance  (6716),  (who  had  supplied  before  the  27  inch  discs  for  the 
French  telescope  just  mentioned),  or  even  some  of  the  smaller  ones 
in  their  case.  Chance’s  glass,  as  far  as  can  be  judged  from  the 
experience  of  ten  or  twelve  years,  is  not  so  liable  to  tarnish  as  that 
made  on  the  Continent ;  and  from  the  recent  introduction  into  their 
works  of  the  gas  furnace,  it  is  probable  that  we  may  expect  from 
them  still  finer  specimens. 

Waldstein,  Austria  (669),  has  two  discs  of  16  inches,  but  there 
are  none  of  any  importance  from  France  or  the  rest  of  Germany. 

The  glass,  besides  being  homogeneous,  must  also  be  well 
annealed,  or  the  object  glass  will  give  a  diffused  image  ;  the  same 
will  happen  if  it  be  pinched  in  its  cell  or  otherwise  strained ;  both 
defects  are  seen  by  examining  it  in  polarized  light. 

The  figure  of  the  lenses  is  as  important  as  the  quality  of  their 
glass  ;  but  this  is  not  illustrated  by  any  machine,  model,  or  draw¬ 
ing,  though  perhaps  some  information  may  be  given  by  the  jury. 
Large  surfaces  can  only  be  polished  by  machinery,  and  perhaps  the 
nature  of  this  may  be  reserved  by  opticians  as  a  trade  secret.  If 
so,  they  are  unwise  ;  for  any  of  the  well-known  machines  used  for 
specula  will  do  for  lenses,  and  in  so  delicate  a  process  skilled  super  - 
intendence  is  far  more  important  than  mere  mechanism.  Another 
very  important  matter  is  the  supporting  the  glass  while  polishing 
so  as  to  prevent  its  flexure ;  and  this  will  probably  prove  to  be  the 
chief  obstacle  to  be  overcome  in  making  very  large  objectives. 
Some  details  should  also  be  given  as  to  the  curves  employed,  and 
as  to  whether  the  crown  and  flint  lenses  are  cemented.  This  is 
the  case  in  Grubb’s  large  object  glass,  probably  the  largest  that  has 
been  so  .eated.  It  was  polished  on  his  speculum  machine,  and  he 
found  that  by  varying  its  adjustments  he  could  produce  such  changes 
of  the  curves  as  were  found  necessary  to  make  the  final  correction 
of  aberration.  The  saving  of  light  by  suppressing  two  reflections 
is  very  sensible. 

It  is  to  be  regretted  that  there  is  no  example  of  Steinheil’s  new 
objective,  in  which  the  aberration  is  corrected,  not  for  the  edge  but 
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for  a  poiat  one-third  of  the  whole  aperture  from  the  centre — it  is 
said  with  the  best  result. 

In  respect  of  this  collection  of  telescopes,  of  which  each  maker 
has  probably  his  peculiar  theory  and  practice,  it  would  be  advan¬ 
tageous  not  only  to  the  public  but  to  the  art,  were  the  jury  to  test 
the  principal  object  glasses,  and  publish  an  authoritative  report  of 
their  performance  ;  without  this,  their  display  is  an  idle  show,  their 
medals  are  a  mere  mockery. 

GRUBB’S  DOUBLE  OBJECT  GLASS.— The  finder  of  his  equatorial 
contains  a  specimen  of  this  contrivance  which  promises  well  for  day 
telescopes,  or  wherever  a  very  short  focus  is  necessary.  In  this  case 
it  has  3-25  inches  aperture,  and  26  inches  focus,  nearly  half  what 
the  same  aperture  would  have  in  the  common  construction.  The 
two  achromatic  lenses  are  each  cemented,  so  that  there  are  only  four 
reflecting  surfaces  (as  in  the  common  one),  and  they  are  propor¬ 
tioned  so  as  to  give  a  more  complete  destruction  of  aberration  and 
a  flatter  field.  Accordingly,  this  little  telescope  bears  a  high  mag¬ 
nifying  power  with  very  sharp  definition.  It  was  the  trial  pattern 
for  one  of  7  inches  aperture,  and  5'5  feet  focus,  made  by  the  same 
optician  for  the  circle  of  the  Armagh  Observatory,  to  replace  one  of 
the  same  focus,  but  3-8  inches  aperture.  This  has  fully  equalled 
the  promise  of  the  smaller  one,  giving  extremely  sharp  and  concen¬ 
trated  images  of  stars. 

FOUCAULT’S  SILVER  SPECULUM.— One  of  these  is  seen  at  France 
(1442),  not  very  large,  but  sufficient  to  show  the  uniformity  and 
brilliancy  of  its  surface.  A  few  words  will  explain  the  value  of  this 
invention.  The  power  of  a  telescope  really  depends  on  its  aperture  ; 
now  the  size  of  optical  glass,  after  all  our  improvements,  is  very 
limited — Messrs.  Chance  themselves  would  hesitate  before  promising 
two  perfect  discs  of  36  inches  diameter,  and  could  only  give  them 
at  an  enormous  price,  which  would  be  augmented  tenfold  by  the 
cost  of  grinding  and  polishing  them.  Such  an  objective  would 
require  a  tube  60  feet  long,  and  it  would  be  hard  to  prevent  it  from 
bending  by  its  own  weight.  These  difficulties  have  been  met  by 
using,  instead  of  lenses,  concave  reflectors  of  speculum  metal,  a  bril¬ 
liant  alloy  of  tin  and  copper.  Such  have  been  made  by  Lord  Rosse, 
of  so  great  a  magnitude  that  any  increase  of  their  aperture  seems 
limited  by  our  atmosphere’s  want  of  uniform  transparency.  But 
these  prodigious  specula,  some  of  which  weigh  five  tons,  are  not  con¬ 
structed  or  used  without  their  full  share  of  embarrassment  and  risk ; 
and  they  have  the  disadvantage  that  they  reflect  less  light  than  is 
transmitted  by  glass.  These  defects  are  in  a  great  degree  removed 
by  Foucault’s  invention  ,  his  speculum  is  made  of  glass,  which  may 
be  imperfect,  or  even  opaque.  It  is  ground  and  polished  to  the 
proper  figure,  and  its  surface  is  coated  by  well-known  processes  with 
a  film  of  silver.  This  dull  film  is  then  polished  by  friction  with  a 
dry  shammy  and  jeweller’s  rouge.  This  polished  surface  reflects 
092  (unless  some  be  lost  by  transmission,  for  the  film  is  transparent 
in  a  slight  degree)  of  the  incident  light,  while  speculum  metal  gives 
only  0'64,  and  a  12-inch  achromatic  transmits  but  080,  It  is  com¬ 
paratively  light,  strong,  and  cheap  ;  and  when  the  silver  is  tarnished, 
it  is  easily  repolished  or  renewed.  It  is,  however,  possible  that  it 
may  be  less  durable  in  the  air  of  London,  loaded  with  smoke  and 
sulphur,  than  in  that  of  Paris,  where  one  of  33  inches  aperture  has 
performed  admirably. 


ALUMINIUM  SEXTANT,  Bell  (18).— This  light  and  beautiful  metal 
is  peculiarly  suited  to  an  instrument  which  must  be  held  in  the  hand, 
and  often  (as  in  taking  lunar  distances)  for  a  long  time.  The  incon¬ 
venience  of  weight  in  such  work  is  so  great  that  it  has  virtually 
excluded  from  our  ships  the  reflecting  circle,  though  in  all  other 
respects  it  is  far  preferable  to  the  sextant ;  but  if  made  of  aluminium 
this  objection  would  cease.  Besides  its  lightness,  it  is  stiff  and  not 
liable  to  tarnish  (unless  sea-water  might  act  upon  it  by  its  chlorides) 
and  it  would  be  eminently  useful  for  large  instruments  were  it  not 
for  its  high  price.  This,  however,  may  be  expected  to  decrease  as 
its  use  increases ;  but  the  objection  does  not  apply  with  the  same 
force  to  another  beautiful  material  shown  in  the  same  case,  aluminium 
bronze,  which  with  from  6  to  10  per  cent,  of  the  new  metal  is  said 
to  be  stronger  than  iron,  and  to  be  little  affected  by  ordinary  chemical 
agents.  Considering  how  costly  astronomical  instruments  are,  the 
permanence  of  their  material  is  of  considerable  importance.  The 
worst  of  all  is  probably  the  brass  made  in  England  during  this 
century;  in  a  town  or  even  near  a  dwelling  house,  it  is  liable  to 
lose  cohesion  or  crumble  into  dust ;  and  we  know  of  three  capital 
circles,  each  of  which  cost  some  hundreds  of  pounds,  which  have 
thus  suffered.  The  tin  bronze  used  by  Reichenbach  and  his  pupils 
is  apparently  free  from  this  defect,  but  has  not  been  sufficiently 
tested  in  our  atmosphere,  and  is  but  little  used  among  us.  Since 
1832  cast-iron  has  been  extensively  adopted  for  large  instruments. 
It  is  six  times  stronger  than  brass,  and  its  cheapness  will  always 
insure  its  employment  in  the  most  massive  parts  of  great  equa- 
torials.  It  has,  however,  one  drawback :  there  is  reason  to  believe 
that  when  bent  by  any  stress  it  does  not  resume  its  original  figure 
when  the  force  is  withdrawn,  but  takes  a  set,  slight  indeed  but  per¬ 
manent  ;  and  thus  it  is  liable  to  a  change  of  figure  increasing  with 
the  time.  In  many  parts  of  the  instrument  this  does  no  harm,  but 
in  those  which  bear  graduation  it  may  be  injurious.  Probably  cast- 
iron  will  ere  long  be  to  a  great  extent  superseded  by  cast-steel.  It 
is  four  times  as  strong,  and  one  cannot  look  in  Class  1  at  the  results 
obtained  by  Bessemer  and  Krupp,  without  seeing  that  now  there 
would  be  no  real  difficulty  in  forming  even  such  a  meridian  circle  as 
that  of  Greenwich  with  this  most  potent  of  materials.  Certainly, 
for  axes  and  similar  objects  its  use  will  henceforth  be  almost  a 
necessity. 

We  cannot  conclude  these  remarks  without  expressing  deep  regret 
that  Class  13,  to  a  small  part  of  which  they  relate,  was  not  made 
more  instructive.  It  was  painful  to  see  the  multitudes  who  daily 
looked  at  its  wonders  with  evident  interest,  but  sought  in  vain  for 
any  one  to  explain  them.  They  often  listened  with  great  eagerness 
to  the  talk  of  persons  who  were  discussing  particular  objects,  and 
would  undoubtedly  have  been  very  thankful  for  information.  Such 
information  might  have  been  afforded  in  this  and  many  other  classes 
for  a  minute  fraction  of  the  money  which  has  been  wasted  in  the 
architectural  absurdities  of  the  building ;  and  such  an  outlay  would 
have  given  this  Exhibition  a  hold  on  the  respect  and  gratitude  of 
every  Briton,  which  now,  we  fear,  it  cannot  have.  Let  us  hope  that 
if  another  one  be  planned  hereafter,  it  may  be  conducted  in  a  higher 
spirit,  and  under  a  full  conviction  that  nothing  can  continue  to 
prosper  among  us  which  does  not  look  to  Intellectual  rather  than 
Material  interests. 
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2.  INSTRUMENTS  CONNECTED  WITH  LIGHT. 

By  Professor  J.  Clerk  Maxwell,  F.R.S.L.  &  E. 

HE  history  of  the  progress  of 
optical  science  is  most  intimately 
connected  with  that  of  optical 
manufactures.  Not  only  has 
the  extension  of  our  knowledge 
opened  up  new  fields  to  indus¬ 
try,  but  the  skill  developed  by 
industry  has  put  within  our  reach 
the  means  of  making  new  dis¬ 
coveries. 

The  material  most  necessary 
to  the  optician  is  glass.  Unless 
there  had  been  a  general  demand 
£7  —  "N  for  transparent  windows  and  for 
- - \  vessels  of  every  form  of  this  beau¬ 
tiful  substance,  the  art  of  mak¬ 
ing,  moulding,  and  cutting  glass  would  never  have  been  developed 
sufficiently  for  the  existence  of  Optics  as  a  science.  Spheres  of 
glass  or  crystal  seem  to  have  been  regarded  with  superstitious 
admiration  from  very  early  times,  and  their  power  of  collecting  the 
sun’s  rays  was  made  use  of  for  lighting  sacred  fires,  without  the 
intervention  of  any  earthly  flame.  Such  an  employment  of  lenses, 
however,  could  not  render  their  properties  familiar  to  those  who 
were  likely  to  make  them  of  use  ;  and  it  was  not  till  the  end  of 
the  fifteenth  century,  when  lenses  were  in  common  use  as  spectacle 
glasses,  that  the  telescope  was  formed  by  the  combination  of  two 
lenses.  Thus  the  general  demand  for  lenses  to  assist  vision  raised 
the  grinding  of  lenses  to  the  rank  of  a  manufacture  ;  and  when  the 
lenses,  now  become  common,  had  been  combined  into  telescopes,  it 
became  profitable  to  direct  industry  to  telescope -making.  In  our 
own  time  the  demand  for  fine  glass  has  reacted  on  the  glass  manu¬ 
facture,  and  we  may  now  see  prisms  suspended  from  chandeliers, 
of  glass  of  better  quality  than  Newton  could  have  procured  for 
his  most  valuable  experiments.  The  skill  which  has  been  developed 
by  the  manufacture  of  telescopes  and  microscopes  is  now  ready  to 
meet  the  demands  of  those  who  prosecute  the  study  of  light  itself, 
and  to  furnish  instruments  of  research  of  a  kind  which  the  men  of 
science  of  former  times  could  not  obtain  without  turning  workmen 
themselves.  Specimens  of  the  different  kinds  of  glass  employed 
by  the  makers  of  optical  instruments  and  lenses  in  various  stages 
of  manufacture,  are  exhibited  by  Messrs.  Cutts  &  Son  of  Sheffield. 
For  the  purpose  of  this  paper  the  different  optical  instruments  will 
be  arranged  according  to  the  way  in  which  they  are  intended  to 
act  on  light,  viz. : — 

1st,  Instruments  which  alter  the  appearance  of  objects  by  chang¬ 
ing  the  direction  of  the  rays,  or  their  convergence  or  divergence. 
They  may  do  this  either  by  reflexion  or  by  refraction,  and  may 
either  throw  the  rays  into  the  eye  or  on  a  screen. 

2d,  Instruments  which  separate  the  different  kinds  of  light. 

3d,  Instruments  which  depend  on  polarization. 

In  the  first  class  one  of  the  most  important  instruments  is  the 
plane  mirror.  The  manufacture  of  large  mirrors  of  plate-glass, 
silvered  at  the  back,  is  treated  of  elsewhere  ;  but  for  small  mirrors 
for  optical  purposes,  in  which  it  is  essential  that  both  surfaces  of 
the  glass  should  be  plane  and  parallel,  special  care  is  required. 

Butters  (2871)  exhibits  specimens  of  parallel  glass  for  sextants. 
In  examining  ordinary  plate-glass  of  excellent  quality  for  common 
purposes,  we  find  very  few  portions  which  will  bear  the  optical  tests 
for  parallel  and  plane  surfaces.  Small  pieces  of  glass  which  have 
borne  these  tests  are  therefore  valuable,  both  for  the  construction  of 


plane  mirrors,  and  for  other  purposes  in  which  we  require  perfect 
equality  of  thickness.  In  testing  whether  surfaces  are  plane,  three 
surfaces  to  be  tested  are  placed  together  successively.  If  the  first 
two  coincide  they  are  either  plane,  or  spherical  with  opposite  curva¬ 
tures.  If  the  second  and  third  coincide,  the  first  must  be  the  same 
as  the  third,  either  concave,  convex,  or  plane.  If  the  first  and  third 
are  then  found  to  coincide,  they  must  therefore  all  be  plane  surfaces. 
When  glass  is  thin,  the  pressure  required  to  bring  the  surfaces  into 
contact  is  sufficient  to  alter  their  power.  The  writer  has  therefore, 
in  certain  cases,  employed  a  method  of  testing  surfaces  in  which 
they  are  not  brought  into  contact  at  all. 

The  two  pieces  of  glass  to  be  tested  are  separated  from  each 
other  by  two  slips  of  goldbeaters’  skin,  of  equal  or  nearly  equal 
thickness,  placed  near  the  edges  of  the  glass,  thus  leaving  a  stratum 
of  air  of  nearly  uniform  thickness  between  their  surfaces.  To 
ascertain  whether  there  are  any  differences  of  thickness  in  this 
stratum,  it  is  examined  by  means  of  pure  yellow  light  from  a  Bun¬ 
sen’s  gas-burner,  having  a  salted  wire  in  its  flame.  If  the  two 
surfaces  are  not  accurately  parallel,  immense  numbers  of  fine  dark 
lines,  corresponding  to  “  Newton’s  Rings,”  of  very  high  order,  are 
seen  by  reflected  light.  By  pressing  the  goldbeaters’  skin  these  may 
be  made  less  numerous,  and  the  difference  of  distance  of  the  surfaces 
at  different  places  may  be  accurately  measured,  since  each  dark 
band  corresponds  to  a  distance  equal  to  the  wave-length  at  the  line, 
D=000002175  Paris  inch.  In  this  way  we  may  adjust  two  plane 
surfaces  of  glass,  so  as  to  be  at  the  same  distance  everywhere. 

LENSES. — Telescopic  lenses,  and  the  glasses  of  which  they  are 
made,  are  treated  of  in  another  part  of  this  publication.  Lenses, 
the  surfaces  of  which  are  cylindrical  instead  of  spherical,  are 
exhibited  by  Lebrun  (1409,  France).  By  a  proper  combination  of 
cylindric  surfaces,  the  Astronomer- Royal  has  shown  how  to  correct 
the  effect  of  the  unequal  curvature  of  the  media  of  the  eye  in 
different  directions — a  defect  incurable  by  any  ordinary  spectacles, 
and  not  so  uncommon  as  is  generally  supposed. 

MICROSCOPES. — The  object  glasses  of  microscopes,  although  cor¬ 
responding  in  their  function  to  those  of  telescopes,  are  so  different 
from  them  in  size,  in  form,  and  in  the  difficulties  to  be  overcome, 
that  they  require  to  be  studied  by  themselves.  The  defects  of 
homogeneity  are  here  more  easily  avoided  than  in  the  case  of 
telescopes,  on  account  of  the  smaller  size  of  the  glasses ;  but  the 
chromatic  defects,  and  those  arising  from  spherical  aberration, 
become  of  great  importance,  on  account  of  their  great  convexity 
and  the  great  divergence  of  the  pencils  which  fall  upon  them.  In 
designing  a  microscopic  object  glass,  we  have  to  fix  on  a  combina¬ 
tion  of  lenses  of  different  kinds  of  glass,  so  that  all  the  rays  of  every 
refrangibility  emanating  from  every  point  of  the  object  within  the 
field  in  all  directions,  within  an  angle  of  90°,  120°,  or  even  150°, 
shall  be  brought  accurately  to  foci  in  one  plane,  so  as  to  be  seen 
distinctly  through  the  eyepiece.  The  writer  has  shown  elsewhere  * 
that  to  do  this  accurately  is  mathematically  impossible  ;  but  a  very 
good  approximation  to  the  solution  of  the  problem — one  of  the 
most  difficult  in  ordinary  optics — may  be  obtained.  It  is  easy  to 
explain  the  principles  upon  which  the  mathematician  should  pro¬ 
ceed  ;  but  the  operations  he  has  to  go  through  swell  so  rapidly  into 
such  an  overwhelming  mass  of  symbols,  that  the  most  laborious 
calculator  will  shrink  from  the  investigation  in  dismay.  The 
ordinary  approximations,  used  with  success  in  calculating  the 
moderate  curvatures  of  the  lenses  of  telescopes  and  cameras,  are 
quite  inapplicable  to  those  of  microscopes,  which  have  surfaces 
forming  considerable  portions  of  the  entire  sphere,  and  which 
receive  pencils,  the  rays  of  which  fall  on  them  at  every  possible 
incidence.  Without  the  demand  for  good  microscopes,  which  has 
been  at  once  stimulated  and  supplied  by  practical  opticians,  the 
results  now  obtained  wound  have  been  impossible.  Guided  by  long 
*  Quarterly  Journal  of  Mathematics,  Feb.  1858. 
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experience  with  different  combinations  of  lenses,  microscope  makers 
can  now  produce  object  glasses  which  grasp  every  available  ray 
from  the  object,  and  bring  each  with  beautiful  accuracy  to  its 
proper  focus.  Neither  differences  of  refrangibility,  differences  in 
original  direction,  nor  distance  from  the  centre  of  the  field,  are 
allowed  to  avail  them.  All  the  rays  which  start  from  one  point  of 
the  object  are  collected  to  one  point  of  the  image.  The  bright¬ 
ness,  distinctness,  and  truth  of  the  result  can  only  be  appreciated 
by  comparing  an  ordinary  modern  microscope  with  the  finest 
instruments,  famous  for  the  discoveries  made  by  their  means.  While 
congratulating  ourselves  on  the  possession  of  better  instruments, 
our  respect  for  the  eyes  and  the  discrimination  of  those  who  went 
before  us  will  certainly  be  increased. 

When  the  proper  arrangement  of  surfaces  has  been  once  obtained, 
the  manufacture  of  good  microscopes  becomes  a  matter  within  the 
reach  of  care  and  skill,  while  the  numerous  cultivators  of  microscopic 
science  contribute  to  progress,  both  by  encouraging  the  manufacture, 
and  by  selecting  the  most  useful  instruments. 

BINOCULAR  MICROSCOPES. — By  placing  a  prism  in  the  beam  of 
light  entering  the  microscope  half  of  the  rays  may  be  made  to  pro¬ 
ceed  in  a  slightly  oblique  direction,  and  viewed  by  the  other  eye. 
This  is  the  principle  of  the  binocular  microscope  as  contrived  by  Mr. 
Wenham,  specimens  of  which  are  exhibited  by  several  makers.  It 
has  the  slight  disadvantage  of  vision  by  “  half  pencils,”  and  the  great 
advantage  of  presenting  to  each  eye  a  picture  of  the  object  from  its 
own  point  of  view,  so  that  the  right  eye  sees  the  object  as  if  from 
the  right  side,  and  the  left  eye  from  the  left.  The  object  is  there¬ 
fore  seen  stereoscopicallv  in  somewhat  exaggerated  relief.  Those 
who  have  experienced  the  difficulty  of  ascertaining  the  true  form 
of  small  transparent  objects  in  an  ordinary  microscope,  and  who 
have  had  to  feel  out  the  ups  and  downs  of  the  apparently  flat  object 
by  altering  the  focus  of  the  instrument,  will  appreciate  the  advan¬ 
tage  of  the  binocular  principle  when  they  see  before  them  the 
eminences  and  hollows  of  the  object  in  high  relief,  and  can  explore 
its  loftiest  summits  and  deepest  recesses  by  the  proper  adjustments, 
without  ever  losing  sight  of  the  true  form  of  the  whole. 

STEREOSCOPES. — The  stereoscope,  in  its  lenticular  variety,  is  so 
common  an  instrument  that  little  need  be  said  by  way  of  description. 
The  best  makers  (Smith  &  Beck,  Negretti  &  Zambra,  and  others) 
exhibit  stereoscopes  with  sufficient  adjustments  to  make  the  illusion 
perfect,  and  vision  quite  distinct.  To  avoid  the  coloured  edges  of 
the  objects  as  seen  through  the  edges  of  simple  lenses,  achromatic 
combinations  of  lenses  are  used.  To  allow  persons  whose  distance 
of  distinct  vision  is  different  to  see  with  equal  distinctness,  the  dis¬ 
tance  of  these  lenses  from  the  pictures  is  made  variable ;  and  to  suit 
the  instrument  to  every  variation  of  distance  between  the  eyes,  the 
lenses  are  made  of  sufficient  size  to  admit  of  vision  whether  the  eyes 
arc  wide  set  or  near  together.  The  front  of  the  case  is  dispensed 
with,  and  the  diaphragm  is  made  of  ground  glass,  so  that  no  light 
is  lost. 

A  very  good  reflecting  stereoscope  for  showing  Mr.  Warren  De 
la  Rue’s  lunar  photographs  is  exhibited  by  Messrs.  Smith,  Beck,  & 
Beck  (2964).  By  availing  himself  of  the  libration  of  the  moon,  Mr. 
De  la  Rue  has  obtained  photographs  of  the  full  moon  from  different 
points  of  view,  and  by  properly  combining  these  we  see  the  spherical 
shape  and  irregularities  of  the  moon’s  surface  as  clearly  and  as 
minutely  as  if  we  were  examining  a  large  terrestrial  globe.  In  this 
way  every  visitor  to  the  Exhibition  not  only  sees  more  of  the  moon’s 
topography  than  he  could  discover  without  a  very  powerful  tele¬ 
scope,  but  he  sees  for  himself  the  true  form  of  her  body,  which  no 
astronomer  ever  perceived  except  as  the  result  of  the  reduction  of 
his  observations.  The  bulging  appearance  of  one  side  of  the  moon 
as  seen  in  this  stereoscope  has  been  recently  investigated  by  accu¬ 
rate  measurements,  and  found  to  indicate  a  large  extent  of  table 
land  sixty  miles  above  the  general  level  of  the  moon’s  surface. 


STEREOTROPE. — An  arrangement  by  which  a  succession  of  pairs 
of  stereoscopic  pictures  are  presented  to  the  eye,  so  as  to  exhibit 
the  successive  phases  of  any  action,  is  exhibited  by  W.  T.  Shaw 
(2958),  under  the  name  of  the  stereotrope  or  stereoscopic  thauma- 
trope.  (See  Proceedings  of  the  Royal  Society,  Jan.  10,  1861.) 
Other  instruments  for  exhibiting  movements  are  shown  by  J.  Lairig 
(2927),  and  Desvignes  (2895). 

PRISMATIC  SPECTACLES. — In  the  stereoscope,  prisms,  or  the 
lateral  parts  of  large  lenses,  are  employed  to  allow  ordinary  eyes  to 
see  distinctly  and  simultaneously  two  different  pictures.  Those 
persons  the  axes  of  whose  eyes  are  not  naturally  parallel,  are  said  to 
squint,  and  they  are  generally  unable  to  see  the  same  thing  distinctly 
with  both  eyes  at  once.  By  means  of  spectacles  the  glasses  of 
which  are  thicker  at  one  side  than  the  other,  rays  from  any  object 
may  be  so  bent  before  reaching  the  eye  as  to  be  parallel  to  its  axis, 
though  that  axis  is  not  directed  towards  the  object.  Such  spectacles 
are  exhibited  by  Pillischer  (2945)  under  the  name  of  prismatic 
spectacles.  Any  person  whose  squinting  is  not  excessive  may,  by 
means  of  these  spectacles,  be  enabled  to  use  both  eyes  together, 
and  to  see  objects  single  with  both  eyes.  Another  advantage  of 
these  spectacles  is,  that  when  we  look  at  a  squinting  person  who 
wears  them,  the  eyes  seen  through  the  spectacles  appear  not  to 
squint,  because  the  rays  by  which  we  see  the  eyes  suffer  the  same 
refraction  as  those  by  which  they  see  us,  so  that  the  appearance  of 
squinting  is  cured,  as  well  as  the  vision  of  the  patient.  The  action 
of  the  muscles  of  the  human  eye  is  so  completely  guided  by  the 
optical  impressions  on  the  retina,  that  eyes  once  accustomed  to  work 
together  by  means  of  these  spectacles  would  probably  in  time  be 
able  to  use  a  pair  slightly  less  prismatic,  and  so  by  degrees  to  have 
their  axes  enticed  into  parallelism  without  mechanical  violence. 
In  1855  the  writer  made  a  pair  of  prismatic  spectacles  of  variable 
angle,  and  brought  his  own  eyes  without  pain  into  positions  in  which, 
without  the  spectacles,  he  was  unable  to  keep  them. 

INSTRUMENTS  WHICH  SEPARATE  THE  DIFFERENT  KINDS 
OF  LIGHT. — It  is  to  Newton  that  we  owe  the  discovery,  that  white 
light,  instead  of  being  a  pure  entity  of  which  coloured  rays  are 
adulterated  specimens,  is  a  mixture  of  all  kinds  of  rays,  each  simple 
ray  being  strongly  coloured.  By  passing  light  through  a  prism,  we 
analyze  it  into  its  component  parts,  and  by  proper  precautions  we 
may  isolate  each  kind  of  light  in  a  high  state  of  purity.  These 
elementary  homogeneous  rays  have  each  a  definite  refrangibility,  and 
this  and  all  their  other  optical  properties,  such  as  wave-length, 
colour,  heating  effect,  chemical  action,  liability  to  absorption,  &c., 
are  inalienable  and  unchangeable ;  so  that  when  we  know  the 
refrangibility  of  a  ray  and  its  intensity  we  know  all  its  properties, 
and  these  will  remain  unchanged,  however  the  ray  maybe  acted  on 
by  the  media  through  which  it  passes.  An  accurate  knowledge  of 
the  properties  of  rays  of  every  different  wave-length  is  therefore 
very  important,  not  only  in  purely  optical  researches,  but  in  all  cases 
in  which  these  rays  are  employed  either  for  illumination  or  for 
distinguishing  one  substance  from  another. 

The  first  thing  to  be  done  is,  to  separate  the  rays  from  one  another 
according  to  their  refrangibility.  This  is  best  done  by  refraction 
through  prisms.  The  most  perfect  apparatus  for  this  purpose  as 
yet  made,  is  that  constructed  by  Steinheil  for  Professor  Kirchhoff  of 
Heidelberg.  This  instrument  consists  of  a  train  of  prisms  of  glass, 
each  of  which  is  carefully  adjusted  so  as  to  have  its  edge  exactly 
perpendicular  to  the  truly  plane  surface  of  a  metallic  circle.  Light 
is  admitted  through  a  fine  vertical  slit,  and  the  rays  are  rendered 
parallel  by  transmission  through  an  achromatic  lens.  They  then 
traverse  the  prisms  in  succession,  and  are  viewed  by  means  of  an 
achromatic  telescope.  Those  who  have  examined  the  chart  of  the 
portion  of  the  solar  spectrum  published  by  M.  Kirchhoff  (see  the 
Translation  of  Kirchhoff’s  Paper  by  Roscoe  Macmillan,  1862),  will 
have  some  conception  of  the  vast  number  of  distinguishable  kinds  of 
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lights  when  they  consider,  that  every  one  of  the  lines  there  laid  down 
corresponds  to  a  kind  of  light  which  is  deficient  in  the  sun’s  rays, 
and  thus  leaves  a  blank  more  or  less  conspicuous  in  the  prismatic 
spectrum.  Now,  since  these  dark  lines  are  exceedingly  narrow 
compared  to  the  bright  spaces  between  them,  it  follows  that  the 
number  of  kinds  of  light  distinguishable  by  this  instrument  is 
vastly  greater  than  the  number  of  lines  observed. 

By  analyzing  light  with  the  prism,  its  origin  can,  in  many  cases, 
be  ascertained.  Thus  if  the  light  is  produced  by  a  solid  or  liquid 
body  strongly  heated,  the  spectrum  formed  by  the  prism  is  per¬ 
fectly  continuous,  without  any  definite  bright  or  dark  lines.  If 
the  body  is  only  red-hot,  the  red  end  of  the  spectrum  will  be 
the  brightest ;  but  when  it  is  heated  to  whiteness  the  spectrum 
will  be  bright  throughout,  and  all  substances  at  the  same  tempera¬ 
ture  will  give  the  same  spectrum,  provided  they  are  not  either 
thin  transparent  bodies,  such  as  glass,  or  incandescent  vapours 
or  gases. 

Transparent  bodies,  in  small  pieces  highly  heated  and  seen 
against  a  dark  ground,  appear  in  general  of  the  opposite  colour  from 
that  which  they  exhibit  by  transmitted  light;  that  is,  they  radiate, 
when  hot,  the  very  kind  of  rays  which  they  absorb  when  they 
receive  them  from  some  other  source.  This  has  been  well  shown 
by  Mr.  Balfour  Stewart,  in  the  case  of  coloured  glass. — (Report  of 
British  Association,  1860.) 

Bodies  in  the  gaseous  state,  when  incandescent,  very  rarely 
radiate  all  kinds  of  light  equally.  The  spectrum  which  they  form 
is  not  continuous,  but  consists  of  a  number  of  bright  lines  on  a  dark 
ground.  The  colours  of  these  bright  lines,  and  consequently  their 
positions  in  the  spectrum,  are  found  to  depend  on  the  chemical 
nature  of  the  body  which  emits  the  rays,  and  to  be  invariable  for 
the  same  substance.  Hence  the  importance  of  the  prism  in  the 
detection  of  chemical  substances,  and  the  value  of  the  results 
obtained  by  Wheatstone  and  others,  and  lately  more  perfectly 
systematized  by  MM.  Bunsen  and  Kirchhoff.  The  body  to  be 
examined  is  introduced  into  a  flame,  or  two  portions  of  the  sub¬ 
stance  are  used  as  electrodes,  and  a  spark  is  passed  between  them. 
The  light  of  the  flame  or  of  the  electric  spark,  tinged  by  the  sub¬ 
stance,  is  analysed  by  the  prism,  and  the  bright  lines  seen  enable 
us  to  determine  what  elements  enter  into  the  composition  of  the 
substance.  Compound  substances  give  a  spectrum  containing  the 
lines  due  to  their  ultimate  elements,  and  no  lines  appear  to  belong 
to  the  compound  as  a  compound.  The  circumstances  on  which  the 
intensity  of  the  lines  depend  require  still  to  be  thoroughly  inves¬ 
tigated. — (See  Dr.  Robinson  on  Spectra  of  Electric  Light.  Phil. 
Trans.  1862.) 

The  chemist  can  thus  detect  the  presence  of  a  metal  in  a  mineral 
by  consuming  an  inconceivably  small  quantity  of  it  either  in  a 
spirit  lamp,  or  by  taking  a  spark  from  it  and  comparing  its  spectrum 
with  that  of  known  elements ;  and  the  analysis  so  found  is  the 
ultimate  analysis,  revealing  all  the  elements  in  the  body. 

In  order  to  make  these  researches  useful  to  those  who  have  not 
the  opportunity  to  devote  their  skill,  their  time,  and  their  eye-sight 
to  the  laborious  investigation  of  every  detail  of  the  spectrum,  we 
require  instruments  less  costly  and  less  cumbrous,  though  of  course 
less  perfect  than  that  mentioned.  Several  of  these  are  shown  in 
the  Exhibition  under  the  name  of  spectroscopes. 

Dubosq  (1420,  France)  has  a  spectroscope  arranged  in  a  hori¬ 
zontal  plane,  with  slit  and  collimator,  and  observing  telescope,  and 
a  divided  scale  placed  so  as  to  be  observed  by  reflection  at  the 
surface  of  the  prism.  All  these  are  placed  on  a  divided  circle,  so 
that  the  absolute  measurements  of  the  angle  of  the  prism  and  of 
the  refractive  index  of  each  line  can  be  obtained.  For  chemical 
purposes  it  is  not  necessary  to  ascertain  the  exact  indices  of  refrac¬ 
tion.  All  that  is  required  is  to  obtain  a  good  view  of  the  spectrum, 
and  to  compare  it  with  the  spectra  of  known  elements.  The  most 


commodious  instrument  for  this  purpose  appears  to  be  Crooke’s  Spec¬ 
troscope,  shown  by  Spencer,  Browning,  &  Company  (2962,  British). 
The  glass  prisms  are  placed  in  a  small  brass  chamber,  into  which 
the  collimator  and  telescope  can  be  screwed  at  the  proper  angle,  so 
as  to  form  a  compact  instrument  when  in  use,  and  the  definition  of 
the  lines  shows  that  the  prisms  are  of  very  good  glass. 

Rohrbeck  (1407,  Prussia)  shows  spectroscopes  with  glass  prisms. 

Elliott  (2897,  British)  uses  prisms  consisting  of  bottles,  having 
two  portions  cut  away  from  their  sides,  and  closed  with  plates  of 
parallel  glass  inclined  at  an  angle  of  60°.  These  hollow  prisms  are 
filled  with  bisulphide  of  carbon,  a  substance  having  a  greater  dis¬ 
persive  power  than  glass.  Large  hollow  prisms  are  much  more 
easily  obtained  than  glass  ones  of  the  same  size,  and  the  liquid 
within  is  not  subject  to  the  striae  so  often  found  in  large  pieces  of 
glass.  The  only  inconvenience  of  these  fluid  prisms  is  the  great 
change  of  refractive  power  due  to  change  of  temperature,  which 
makes  it  necessary,  when  we  wish  to  determine  the  identity  of  two 
observed  lines,  to  observe  them  together. 

To  exhibit  the  spectra  of  the  metals  to  many  persons  at  once, 
the  metals  are  made  the  electrodes  of  the  electric  lamp,  or  the  salts 
of  the  metals  are  placed  in  holes  drilled  in  the  ordinary  carbon 
electrodes.  The  electric  discharge  then  takes  place  through  the 
metal  or  salt  volatilized  by  the  intense  heat,  and  the  light  of  the 
discharge  after  passing  through  a  slit  is  received  on  a  lens  and  on 
the  prism,  and  the  spectrum  finally  falls  on  a  screen,  and  may  be 
made  ten  feet  long  with  all  the  lines  distinctly  visible.  No  con¬ 
densing  lens  should  be  used,  but  the  slit  should  be  placed  as  near 
the  light  as  possible. 

The  light  should  first  be  reflected  on  the  screen  hy  the  outer  sur¬ 
face  of  the  prism,  and  the  lens  carefully  adjusted  so  as  to  give  the 
best  image  of  the  slit  on  the  screen;  then  the  prism  should  be  turned 
so  as  to  refract  the  rays,  and  when  the  deviation  is  a  minimum, 
the  spectrum  will  be  perfectly  distinct.  Fluid  prisms,  being  easily 
made  of  large  size,  are  the  best  for  such  experiments.  This  electric 
lamp  apparatus  is  exhibited  by  Hart  (2906),  Ladd  (2925),  Dubosq, 
and  others. 

Glass,  however  useful  in  experiments  on  visible  radiations,  is 
found  to  be  a  very  opaque  body,  with  regard  to  the  rays  which  lie 
beyond  the  visible  spectrum. — (See  the  investigations  of  Stokes  and 
Niller  on  the  Invisible  Spectrum.  Phil.  Trans.  1852  and  1862.) 
For  the  rays  which  are  less  refrangible  than  red  light,  and  which 
are  knowm  to  us  only  by  their  heating  effects,  rock  salt  is  almost  the 
only  solid  substance  sufficiently  transparent  for  optical  purposes; 
while  for  the  rays  beyond  the  violet,  quartz  is  found  to  be  more 
transparent  than  any  other  solid  material.  Specimens  of  these  and 
other  materials  worked  into  prisms  and  plates,  are  shown  by  Hoff¬ 
mann  (1440,  France). 

INSTRUMENTS  DEPENDING  ON  DIFFRACTION.—' There  is,  how¬ 
ever,  a  quite  different  method  of  analyzing  light,  which  was  first 
adopted  by  Fraunhofer,  in  measuring  the  lengths  of  the  undula¬ 
tions  of  different  kinds  of  light.  By  reflecting  light  from  a  surface 
on  which  parallel  lines  are  ruled  at  equal  distances,  or  by  passing  it 
through  a  grating  of  fine  wire,  we  obtain,  besides  the  regularly 
reflected  or  transmitted  ray,  a  series  of  rays  whose  direction  varies 
according  to  the  wave-length.  These  diffracted  rays  produce  a 
spectrum  formed  quite  independently  of  the  law  of  refraction,  and 
it  is  to  this  cause  that  the  colours  of  mother-of-pearl,  often  called 
prismatic,  are  due.  The  purity  of  the  spectrum  so  formed  depends 
on  the  perfect  uniformity,  parallelism,  and  equidistance  of  the  lines. 
Nobert  (1410,  Prussia)  exhibits  glass  plates  having  ruled  lines, 
2000  in  an  inch,  for  experiments  on  diffraction.  Dubosq  (1420, 
France)  exhibits  apparatus  for  showing  the  effects  of  the  diffrac¬ 
tion  and  interference  of  light.  Light  from  the  sun,  or  the  electric 
or  oxyhydrogen  lamp,  is  concentrated  by  a  lens  of  short  focus,  so 
as  to  form  a  very  small  luminous  point.  The  light  diverging  from 
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this  point  falls  upon  a  diaphragm  containing  one  or  more  small 
holes  of  various  shapes,  or  a  regular  system  of  holes  or  slits ;  or 
opaque  bodies  of  any  form  are  placed  in  the  path  of  the  light.  The 
effect  is  observed  by  means  of  an  eye- piece,  which  shows  the  phe¬ 
nomena  as  they  wquld  be  seen  on  a  screen  placed  at  its  focus,  only 
without  the  loss  of  light  which  the  use  of  a  screen  involves.  The 
whole  apparatus  is  placed  so  as  to  slide  along  a  straight  bench, 
which  shortens  the  process,  generally  a  tedious  one,  of  getting 
everything  in  a  line. 

Elliott  Brothers  (2897,  British)  have  also  telescopes  fitted  with 
diaphragms  for  interference.  These  diaphragms  are  copies  of  large 
and  well-drawn  diagrams  reduced  by  photography. 

INSTRUMENTS  CONNECTED  WITH  POLARIZATION.— We  have 
seen  that  light  maybe  analyzed  into  an  innumerable  series  of  homo¬ 
geneous  rays,  each  of  which  is  unalterable  in  its  properties,  but  which 
is  acted  on  differently  by  different  media,  and  acts  differently  on  them 
in  turn.  Each  of  these  homogeneous  rays,  however,  may  be  con¬ 
sidered  in  another  point  of  view — not  with  regard  to  its  intensity,  or 
its  wave-length,  but  with  regard  to  the  form  of  the  path  which  each 
particle  describes  during  its  vibration.  Common  light  executes  its 
vibrations  in  every  possible  direction,  without  any  partiality  for  one 
plane  more  than  another;  but  we  may  in  various  ways  cause  all  the 
vibrations  to  be  performed  in  a  given  direction.  The  ray  is  then  said 
to  be  polarized ;  and  after  being  polarized,  we  must  consider  the 
plane  of  polarization ,  as  well  as  the  direction  of  the  ray.  When 
light  is  reflected  from  glass  at  a  proper  angle,  it  is  almost  completely 
polarized  in  a  plane  perpendicular  to  the  surface  of  the  glass ;  and 
if  we  examine  the  light  which  enters  the  glass,  we  find  it  partially 
polarized  in  a  plane  at  right  angles  to  the  first.  The  best  way 
of  obtaining  a  large  beam  of  polarized  light  is,  to  reflect  light  from 
a  number  of  plates  of  parallel  glass  at  the  proper  angle.  Bundles  of 
glass  plates  for  this  purpose  are  exhibited  by  Murray  &  Heath  (2937, 
British),  and  others.  The  light  which  is  transmitted  through  these 
bundles  is  only  partially  polarized ;  but  when  we  wish  to  act  on 
the  rays  just  before  they  reach  the  eye,  it  is  better  to  use  the  bundle 
to  transmit  the  light  instead  of  to  reflect  it,  because  the  image  is  not 
so  much  multiplied,  and  the  rays  are  not  altered  in  their  course. 
Bundles  of  glass  for  polarization  by  transmission  are  exhibited  by 
Bestall  (2858,  British),  and  though  by  no  means  perfect  instruments, 
they  are  less  expensive  than  most  instruments  for  polarizing  by 
transmission,  and  less  troublesome  to  use  than  the  black  reflector. 
Light  transmitted  through  a  plate  of  tourmaline  cut  parallel  to  the 
axis  of  the  crystal,  is  polarized;  one  of  the  components  being 
absorbed.  Plates  of  tourmaline,  cut  for  this  purpose,  are  exhibited 
by  Hoffmann  (1440,  France). 

An  artificial  crystal,  Herapathite,  compounded  of  iodine  and 
quinine  has  this  property  even  more  strongly  developed  than  tour¬ 
maline,  and  specimens  of  it,  properly  mounted,  are  now  used  under 
the  name  of  “Artificial  Tourmalines.” 

A  ray  of  light  falling  on  Iceland  spar  is  divided  into  two  rays, 
oppositely  polarized.  By  a  proper  combination  of  two  prisms  of  the 
crystal,  these  rays  may  be  made  to  emerge  in  different  directions,  so 
as  to  give  two  images  of  every  object  formed  by  oppositely  polarized 
light.  By  a  different  arrangement  one  of  these  rays  may  be  totally 
reflected,  while  the  other  is  transmitted.  This  is  the  principle  of 
Nichols’  Singly  Polarizing  Prism.  Specimens  of  this  instrument  and 
other  arrangements  of  Iceland  spar,  by  Senarmont  &  Foucault,  are 
shown  by  Bertaud  (1442,  France),  Hoffmann  (1440),  Dubosq  (1420), 
Horne  &  Thornthwaite  (2916,  British),  Darker  (2890),  &c.  These 
instruments  polarize  light  perfectly  without  deviating  the  direction 
of  the  ray,  or  colouring  it,  and  are  therefore  to  be  preferred  in  all 
cases  in  which  the  beam  of  light  is  small  enough  to  pass  through 
the  instrument.  When  we  wish  to  have  a  broad  beam,  it  is  best 
to  polarize  by  reflection. 

We  have  thus  several  means  of  polarizing  light.  To  ascertain 


whether  light  is  polarized,  and  in  what  plane,  we  use  a  tourmaline,  a 
Nichols’  prism,  or  a  reflector,  and  observe  whether  in  one  position 
of  the  instrument  the  light  is  extinguished.  The  polarizing  instru¬ 
ment,  when  thus  used  to  test  the  nature  of  light,  is  called  an  analyzer. 
When  light  previously  polarized  passes  through  certain  substances, 
it  is  found  to  be  no  longer  polarized  in  the  same  way  as  at  first,  so 
that,  when  we  examine  it  with  an  analyzer  placed  in  the  position 
which  would  extinguish  the  original  polarized  light,  we  find  that  the 
light  by  the  action  of  the  substance  has  been  put  in  a  condition  fitted 
to  pass  through  the  analyzer.  This  effect  takes  place  in  general  to 
a  different  extent  with  the  different  colours  of  which  white  light  is 
composed  ;  so  that,  instead  of  seeing  the  light  extinguished  by  the 
analyzer,  the  introduction  of  the  substance  shows  us  gorgeous  colours, 
arranged  in  various  ways  according  to  the  nature  of  the  substance. 
Any  substance  which  has  the  power  of  dividing  the  incident  ray  into 
two  parts,  travelling  with  different  velocities,  will  produce  these  effects ; 
for  these  two  parts  when  they  emerge  will  be  in  different  phases,  and 
their  resolved  parts,  as  seen  by  the  analyzer,  will  be  in  a  condition 
to  interfere.  The  nature  of  the  interference  will  depend  on  the 
thickness  of  the  substance,  and  on  the  direction  in  which  the  rays 
pass  through  it.  When  the  rays  are  transmitted  in  various  direc¬ 
tions  nearly  parallel  to  the  “  optic  axis  ”  of  a  crystal,  we  see  a  system 
of  rings,  the  form  and  arrangement  of  which  enable  us  to  determine 
to  what  class  the  crystal  belongs.  Very  fine  collections  of  crystals, 
properly  cut  and  polished  for  exhibiting  these  phenomena,  are  exhi¬ 
bited  by  Hoffmann  (1440,  France),  and  Darker  (2890,  British). 
Selenite  can  be  easily  split  into  thin  slices ;  the  colours  of  these 
slices  when  seen  by  polarized  light  depend  on  their  thickness,  and 
by  properly  graduating  the  thickness,  beautiful  designs  (flowers, 
butterflies,  &c).  are  produced,  of  which  there  are  many  specimens 
in  the  Exhibition. 

Glass,  when  unequally  strained  by  the  pressures  acting  on  it,  be¬ 
comes  capable  of  producing  similar  effects.  By  examining  with  the 
polariscope  a  piece  of  glass  subjected  to  any  forces,  we  can  see  at 
once  how  the  pressures  are  distributed  within  its  substance.  The 
glass,  which  appears  uniformly  dark  before  the  application  of 
pressure,  becomes  gradually  illuminated  with  cloudy  white  patches 
wherever  it  is  strained ;  and  these,  as  the  pressure  increases,  develope 
themselves  into  all  the  colours  of  Newton’s  scale  in  succession,  till 
the  glass  is  broken.  We  have  thus  a  beautiful  and  unique  method 
of  studying  the  forces  which  act  in  the  interior  of  a  solid  substance, 
and  in  this  way  polarized  light  may  be  made  to  illustrate  the  prin¬ 
ciples  of  engineering. 

In  many  cases  objects  which  act  on  polarized  light  are  too  small 
to  be  seen  without  a  microscope.  The  microscope  is  then  fitted  with 
Nichol’s  prisms,  and  in  this  way  many  details  of  structure  and  other 
curious  phenomena  are  seen,  which  would  have  been  invisible  by 
common  light.  All  microscopes  of  the  better  class  now-a-days  have 
removable  polariscopic  apparatus  fitted  to  them,  and  such  apparatus 
affords  most  attractive  spectacles  by  displays  of  brilliant  colour.  For 
exhibiting  the  phenomena  of  polarized  light,  several  special  forms  of 
apparatus  have  been  devised.  A  very  complete  arrangement,  planned 
by  Professor  Dove,  is  exhibited  by  Eohrbeck  (1407,  Prussia).  Here 
the  light  is  polarized  either  by  reflection  from,  or  transmission 
through,  a  bundle  of  glass  plates;  or  both  methods  maybe  employed 
at  once,  and  the  oppositely  polarized  light  may  be  coloured  in  differ¬ 
ent  ways  by  stained  glass,  so  as  to  vary  the  effects  indefinitely. 
There  are  also  lenses  to  concentrate  the  light  on  crystals,  and  all 
other  polarizing  apparatus.  Every  piece  is  so  contrived  as  to  slide 
along  a  beam,  which  may  itself  be  placed  in  any  convenient  position. 

For  large  objects,  the  contrivances  of  Wheatstone  and  Amici  are 
very  convenient  (Dubosq,  1420,  France).  Dubosq  also  shows  an 
arrangement  for  projecting  the  rings  of  crystals  on  a  screen  for  a 
number  of  spectators ;  and  also  Wheatstone’s  clock,  which  tells  the 
time  of  day  by  the  plane  of  polarization  of  the  blue  sky. 
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CIRCULAR  AND  ELLIPTIC  POLARIZATION. — When  a  ray  of 
plane  polarized  light  is  transmitted  through  any  substance  which 
changes  its  state  of  polarization,  it  is  sometimes  found  to  he  plane 
polarized  on  emergence,  the  plane  being  different  from  that  of  the 
original  polarization ;  but  in  general  the  light  is  not  polarized  in  any 
plane,  so  that  it  is  not  extinguished  in  any  position  of  the  analyzer. 
In  6uch  cases,  however,  it  is  always  possible  to  reduce  the  ray  to 
plane  polarized  light  by  dividing  it  into  two  components,  and  giving 
one  of  them  a  certain  amount  of  retardation.  The  phenomena  are 
completely  explained  by  supposing  the  vibrations  of  the  light  to  be 
performed  in  circles  or  ellipses,  instead  of  straight  lines.  Fresnel 
used  the  principle  of  total  reflection  to  change  plane  polarized  light 
into  circularly  polarized  light,  and  vice  versa.  The  most  convenient 
method,  however,  is  to  transmit  the  plane  polarized  light  through  a 
thin  sheet  of  mica,  which  retards  one  of  the  components  exactly  one 
quarter  of  an  undulation  more  than  the  other.  Plates  of  mica  of 
the  proper  thickness  for  this  purpose,  are  exhibited  by  Hoffmann 
(1440,  France).  A  pair  of  such  plates  will  enable  us  to  examine  all 
kinds  of  objects  with  circularly  polarized  light,  and  to  analyze  the 
light  circularly  afterwards.  The  colours  due  to  the  object  are  then 
seen  in  their  full  splendour,  without  the  dark  bands  which  indicate 
the  plane  in  which  the  action  of  the  object  takes  place. 

The  most  complete  instrument  in  the  Exhibition  for  measuring 
the  ellipticity  of  the  polarization  of  any  ray  is  the  compensator  of 
MM.  Senarmont  &  Jamin  (Dubosq;  1420,  France). 

ROTATORY  POLARIZATION. — Certain  substances,  instead  of  di¬ 
viding  light  into  two  rays  of  plane  polarized  light,  divide  it  into  right- 
handed  and  left-handed  rays  of  circularly  polarized  light,  one  of 
which  travels  faster  than  the  other.  The  result  is,  that  when  plane 
polarized  light  falls  on  the  substance,  it  remains  plane  polarized ;  but 
the  plane  of  polarization  changes  continually,  being  turned  more  and 
more  round  the  ray  as  the  ray  penetrates  deeper  into  the  substance. 
A  ray  of  light  transmitted  along  the  axis  of  a  crystal  of  quartz  is 
thus  affected ;  and  many  other  substances,  as  turpentine  and  solu¬ 
tions  of  sugar  and  tartaric  acid,  possess  this  property  in  a  less  powerful 
manner.  In  the  case  of  liquids,  the  amount  of  rotation  depends 
entirely  on  the  amount  of  the  active  substance  in  solution,  and  is 
unaffected  by  impurities — unless  these  are  also  endowed  with  this 
property.  Hence  we  can  determine  the  amount  of  sugar  in  a  solu¬ 
tion  without  the  trouble  of  extracting  it,  by  simply  determining  the 
amount  of  rotation  of  a  plane  polarized  ray  after  passing  through  a 
certain  depth  of  the  solution.  Saccharometers  on  this  principle  are 
exhibited  by  Dubosq  (1420,  France),  Neugebauer  (1409,  Prussia), 
and  Vandevelde  (353,  Belgium).  The  solution  containing  sugar  is 
placed  in  a  tube  of  known  length,  closed  by  glass  plates.  Plane 
polarized  light  is  admitted  at  one  end.  The  light  transmitted  has 
its  plane  of  polarization  turned  round  to  an  extent  depending  on  the 
strength  of  the  solution,  and  on  the  kind  of  light  employed ;  if  white 
light  is  used,  each  of  its  component  colours  will  be  polarized  in  a 
slightly  different  plane,  so  that  we  shall  never  be  able  totally  to 
extinguish  the  light  by  means  of  the  analyzer,  but  only  to  sec  a  suc¬ 
cession  of  colours  as  we  turn  it  round.  By  interposing  a  piece  of 
quartz  of  proper  thickness,  we  may  cause  the  plane  of  polarization  to 
rotate  backwards  to  its  former  position ;  and  since  the  relation  of  the 
rotating  power  to  the  wave-length  follows  nearly  the  same  law  in 
quartz  and  in  sugar,  all  the  different  lcinds  of  light  will  have  their 
I  planes  of  polarization  brought  back  to  the  original  position  at  the  same 
time,  and  the  analyzer,  if  properly  placed,  will  extinguish  the  light. 

A  compensator,  formed  of  two  wedges  of  quartz,  enables  us  to 
vary  the  thickness  of  quartz  through  which  the  ray  passes,  and  thus 
to  ascertain  directly  the  amount  of  sugar  in  terms  of  the  position  of 
I  the  wedges  when  the  light  is  extinguished. 

The  angle  between  the  axis  of  biaxal  crystals  is  an  important 
optical  character,  for  the  determination  of  which  an  instrument  is 
exhibited  by  Lenoir  (656,  Austria). 


HELIOSTATS. — In  all  experiments  in  which  the  sun’s  rays  are 
required,  his  apparent  diurnal  motion  causes  a  constant  shifting  of 
the  direction  of  his  beams,  and  therefore  we  must  either  move  the 
whole  apparatus  so  as  to  follow  the  sun  (as  in  the  case  of  telescopes), 
or  we  must  alter  the  direction  of  the  sunbeam  by  reflection.  In 
many  cases  an  ordinary  mirror  worked  by  hancf  is  sufficient  for  the 
purpose  of  the  experiment ;  but  when  the  experiment  is  long  con¬ 
tinued,  and  the  sunbeam  requires  to  be  kept  fixed,  it  is  necessary  to 
have  the  mirror  moved  by  clockwork.  The  sun  describes  a  circle 
about  the  pole  of  the  heavens  once  in  twenty-four  hours,  and  it  is 
easy  to  make  an  axis  which  will  revolve  in  the  same  time  by  clock¬ 
work  ;  but  the  object  we  have  in  view  is  not  to  follow  the  sun  him¬ 
self  with  the  mirror,  but  to  make  the  direction  of  the  sunbeam  after 
reflection  always  the  same.  For  this  purpose  we  must  make  the 
normal  to  the  mirror  bisect  the  angle  between  the  direction  of  the 
sun  and  the  fixed  direction.  All  heliostats,  therefore,  must  have  a 
clockwork  apparatus  to  make  a  certain  line  follow  the  sun,  and 
some  mechanical  contrivance  to  make  a  line  perpendicular  to  the 
mirror  bisect  the  angle  between  this  line  and  a  fixed  line.  In  the 
earliest  form  of  the  instrument,  as  invented  by  Dr.  S’Gravesande, 
of  Leyden,  the  bisection  of  the  angle  is  effected  on  the  principle  that 
the  angles  at  the  base  of  an  isosceles  triangle  are  equal.  One  of 
the  sides  of  this  triangle  is  the  line  of  the  sun’s  direction,  and  is 
worked  by  the  clock  ;  the  other  equal  side  is  imaginary,  and  is  the 
distance  from  the  centre  of  motion  to  the  centre  of  the  mirror,  which 
must  be  placed  so  that  this  distance  is  equal  to  the  first  side,  and  in 
the  direction  in  which  the  ray  is  to  be  reflected.  The  base  of  the 
triangle  is  a  rod  or  tail  fastened  perpendicular  to  the  mirror,  which 
is  suspended  by  a  universal  joint,  so  that  its  centre  is  fixed  while  it 
is  moved  by  its  tail,  so  that  the  reflected  ray  is  always  in  the 
required  direction.  This  form  of  the  instrument,  greatly  improved, 
after  the  designs  of  M.  Foucault,  is  exhibited  by  Dubosq  (1420, 
France).  In  this  model  the  clock  axis  carries  a  metal  rod  which, 
being  placed  at  an  angle  with  the  axis  equal  to  the  sun’s  north  polar 
distance,  always  continues  to  point  to  the  sun.  This  rod  carries  at 
its  extremities  two  rings,  working  on  universal  joints.  One  of  these 
rings  guides  the  tail  of  the  mirror,  and  causes  its  plane  to  move 
properly,  and  the  other  guides  a  rod  which  projects  from  the  mirror 
in  the  direction  of  its  longer  axis,  and  causes  the  longer  axis  to  keep 
in  the  plane  of  reflection.  The  centre  of  motion  of  the  mirror  is 
mounted  on  a  stand,  which  may  be  fixed  at  any  point  of  a  circular 
arc,  whose  centre  is  vertically  below  the  centre  of  motion  of  the 
revolving  rod.  This  stand  has  a  slight  motion  towards  the  centre  of 
the  arc,  and  may  be  raised  or  lowered.  A  link  of  constant  length 
connects  a  point  in  the  stand  with  a  point  of  the  arc.  In  this  way 
it  is  always  at  the  right  distance  from  this  point,  and  the  trouble¬ 
some  process  of  adjusting  the  stand  of  the  mirror  is  greatly  simpli¬ 
fied,  as  the  link  points  out  the  direction  of  the  reflected  light. 

Another  form  of  the  heliostat  is  that  of  Silbermann.  It  is  placed 
beside  Foucault’s.  Here  the  mirror  is  on  the  same  stand  with  the 
clock,  and  its  tail  is  made  to  bisect  the  angle  between  the  sun  and 
the  fixed  line,  on  the  principle  that  in  a  quadrilateral  having  adjacent 
sides  equal,  the  diagonal  bisects  the  angle  between  the  equal  sides. 
The  tail  of  the  mirror  is  the  diagonal,  and  the  sides  of  the  quadri¬ 
lateral  are  formed  by  a  jointed  framework,  one  side  of  which  follows 
the  sun,  while  the  equal  adjacent  side  is  fixed  in  direction,  and  the 
other  two  equal  sides,  which  are  longer  than  the  first  pair,  guide 
the  tail  of  the  mirror.  This  instrument  is  more  compact  than  the 
other,  but  is  not  so  convenient  for  a  large  mirror. 

PH0SPH0R0SC0PE. — It  has  long  been  known  that  many  sub¬ 
stances,  after  being  exposed  to  the  action  of  light,  become  themselves 
luminous.  Some  of  these  retain  their  luminosity  or  phosphorescence 
for  a  considerable  time,  so  that  it  may  be  seen  by  taking  them  after 
exposure  into  a  dark  room,  while  others  require  to  be  examined  the 
instant  after  the  light  has  been  removed.  M.  Becquerel,  by  the  use 
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of  bis  phosphoroscope  (Dubosq ;  1420,  France),  has  extended  the  list 
of  phosphorescent  substances  by  a  method  of  examining  the  object 
in  the  dark  within  a  small  fraction  of  a  second  after  exposing  it  to 
the  strongest  light,  and  at  same  time  repeating  the  observation  so 
frequently  that  the.  eye  never  loses  sight  of  the  phenomenon. 

The  substance  to  be  examined  is  placed  in  a  small  chamber, 
-which  has  two  apertures.  In  front  of  these  apertures  revolve  two 
wheels  of  thin  metal,  mounted  on  the  same  axis.  Apertures  are 
made  in  these  wheels,  corresponding  to  those  of  the  chamber,  but 
so  placed  that  neither  of  the  holes  is  ever  opened  till  the  other  is 
entirely  closed.  A  strong  light  is  thrown  into  the  chamber  through 
one  hole,  and  the  observer  looks  in  at  the  other,  taking  care  to  be 
himself  in  a  darkened  room.  When  the  first  hole  is  opened  the 
body  is  exposed  to  light,  but  is  not  seen,  because  the  second  hole  is 
closed  by  its  wheel.  When  the  second  hole  is  opened  the  sub¬ 
stance  is  exposed  to  view,  but  no  light  can  reach  it  from  without, 
so  that  if  it  is  visible  it  is  by  its  own  phosphorescence.  By  a  train 
of  wheelwork  this  alternate  opening  of  the  holes  is  effected  many 
times  in  a  second,  and  the  object,  if  phosphorescent,  becomes  con¬ 
tinuously  visible,  without  the  strain  on  the  eyes  which  is  felt  when 
the  experiment  is  made  once  only.  The  relation  of  these  phenomena 
to  time  is  thus  reduced  to  measurement,  and  the  connection  between 
phosphorescence,  in  which  light  is  emitted  after  the  body  has  been 
illuminated,  and  fluorescence,  in  which  light  of  a  different  kind  is 
emitted  during  the  action  of  the  illuminating  light,  may  be  more 
thoroughly  investigated. 

APPARATUS  FOR  ILLUSTRATING  THE  WAVE-THEORY  OF  LIGHT. 

—In  the  Swedish  court  is  an  instrument  by  Baron  Wrede,  by  which 
the  motions  of  a  row  of  particles,  when  thrown  into  plane,  circular, 
or  elliptic  undulations,  are  clearly  shown.  A  series  of  eccentric  wheels 
is  placed  on  an  axis,  each  wheel  a  little  in  advance  of  the  last. 
These  wheels  act  upon  a  series  of  levers,  so  as  to  raise  and  lower 
them  in  succession.  Another  axis  works  a  second  set  of  levers  in  a 
plane  at  right  angles  to  the  first  set.  The  motions  of  the  ends  of 
these  levers  represent  the  component  vibrations  of  the  undulation. 
A  row  of  balls  is  suspended  by  strings,  connecting  each  ball  with 
one  lever  of  each  set.  The  motions  of  the  balls  are  therefore  com¬ 
pounded  of  those  of  the  levers,  and  by  properly  adjusting  the  two 
axis  the  compound  vibrations  may  be  made  plane,  circular,  or 
elliptic.  This  instrument,  though  entirely  made  of  wood,  works 
very  smoothly,  and  has  the  advantage  of  being  capable  of  continu¬ 
ous  motion  in  either  direction.  In  facility  of  adaptation  to  the 
different  combinations  required  to  illustrate  the  theory  of  light,  it 
is  inferior  to  the  wave  apparatus  of  Professor  Wheatstone,  unless 
the  axis  and  sets  of  eccentrics  are  as  easily  removed  and  changed 
as  Wheatstone’s  sliders. 

MODELS  OF  THE  EYE.— Professor  C.  G.  T.  Ruete,  of  Leipsic, 
exhibits  (2331,  Saxony)  models  of  the  anatomy  of  the  eye,  and  of 
a  pair  of  eyes  worked  by  their  proper  muscles.  These  models  are 
on  a  large  scale,  and  can  be  taken  to  pieces,  and  illustrate  the 
mechanics  and  optics,  of  the  eye,  as  well  as  its  anatomy. 

OPTICAL  DIAGRAMS. — Digeon  (1423,  France)  exhibits  a  beauti¬ 
ful  series  of  coloured  diagrams  illustrating  optical  phenomena.  The 
figure  of  the  prismatic  spectrum,  coloured  according  to  the  directions 
of  M.  Chevreul,  is  most  accurate  in  its  tints,  and  is  a  beautiful  speci¬ 
men  of  printing  in  colours.  Chevreul’s  circle  and  gammes  of  colours 
are  also  very  remarkable  for  the  exactness  of  their  reproduction.  The 
diagrams  to  illustrate  interference  and  diffraction  are  very  beautiful, 
and  give  an  idea  of  the  phenomena,  which  will  not  be  found  to  be 
erroneous  when  we  see  the  reality.  Representations  of  optical 
phenomena,  as  generally  exhibited,  are  so  unsatisfactory  that  they 
totally  mislead  those  who  cannot  repeat  the  experiments,  and  lead 
those  who  can  to  undervalue  the  veracity  of  the  artist.  We  hope 
that  in  future  the  attempts  of  opticians  to  delineate  what  they  see 
will  not  fall  below  the  standard  of  M.  Digeon. 


SELF-RECORDING  MAGNETOGRAPHS.— The  self-recording  mag¬ 
netographs  from  Kew  Observatory  (B.  Stewart,  2970,  British)  are 
placed  in  the  centre  of  the  nave,  in  a  case  resembling  the  letter  T. 
By  the  persevering  exertions  of  Humboldt  the  importance  of  mag¬ 
netic  observations  has  been  impressed  on  so  many  minds  that  it  is 
probable  that  persons  will  always  be  found  willing  to  undertake  the 
measurement  and  the  watching  of  the  variations  of  terrestrial 
magnetism.  The  mathematical  labours  of  Gauss  have  pointed  out 
the  methods  of  deducing  from  the  observations  certain  important 
results,  and  have  made  it  possible  to  compare  these  with  each  other 
in  different  parts  of  the  earth.  But  besides  the  differences  in  the 
direction  and  intensity  of  the  magnetic  force  in  different  places,  and 
the  slow  changes  which  they  undergo,  other  phenomena  have  been 
observed,  which,  as  they  are  of  a  kind  quite  unfamiliar  to  us,  pro¬ 
mise  to  open  the  way  to  knowledge  as  yet  unsuspected.  The 
suspended  magnet  is  frequently  disturbed  in  a  remarkable  way,  and 
alters  its  position  in  so  sudden  and  irregular  a  manner  that  the 
phenomenon  is  very  properly  denominated  a  magnetic  storm.  The 
motions  of  the  magnet,  though  small  when  roughly  observed,  are 
very  large  when  examined  with  proper  instruments,  and  are  found 
to  indicate  a  disturbance  in  terrestrial  magnetism,  which  affects 
simultaneously  large  portions  of  the  globe.  The  magnet,  when 
carefully  watched,  thus  reveals  to  us  wide-spread  disturbances, 
which  we  should  otherwise  be  quite  unconscious  of,  and  which  may 
hereafter  prove  the  means  of  extending  our  knowledge  of  the  world 
in  which  we  live. 

We  have  no  means,  however,  of  knowing  when  these  storms 
occur,  except  by  patiently  watching  the  magnet,  day  and  night, 
unless  we  can  make  the  magnet  itself  record  them.  To  do  this 
mechanically  is  impossible,  as  any  machinery  would  interfere  with 
the  freedom  of  motion  of  the  suspended  magnet.  The  magnet  is 
therefore  made  to  act,  not  on  a  pointer,  hut  on  a  ray  of  light,  and 
this  ray  is  made  to  record  itself  on  photographic  paper. 


3-PHYSICAL  APPARATUS. 

By  the  Rev.  Professor  IIaughton,  F.T.C.D.,  F.R.S. 


N  the  Exhibition  the  physical  ap¬ 
paratus,  exclusive  of  optical  and 
electrical  instruments,  which  are 
treated  of  elsewhere,  may  be  con¬ 
veniently  divided  into  Meteorolo¬ 
gical  and  Acoustical  instruments. 
Of  the  physical  apparatus  of  the 
Exhibition,  considered  as  a  whole, 
it  is  not  possible  to  speak  in  high 
terms.  The  English  exhibitors 
(with  the  exception  of  a  few  fo¬ 
reigners  residing  in  London)  show 
in  their  cases  nothing  but  the 
most  commonplace  instruments, 
such  as  may  be  seen  in  every 
optician’s  shop  window.  They  show  much  manual 
skill  in  the  arrangement  and  dividing  of  engineering, 
surveying,  and  measuring  instruments ;  but  there  is  a 
singular  poverty  of  invention  with  regard  to  new  ideas, 
with  some  honourable  exceptions,  which  we  hope  dnjy 
to  record. 

Prussia  and  Austria  have  evidently  made  no  attempt  to  appear 
to  advantage  in  this  department  of  the  Exhibition,  and  they  have 
allowed  a  few  second-rate,  ill-devised,  and  badly-executed  instru- 
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ments  to  represent  in  London  the  almost  inexhaustible  resources 
and  ingenuity  of  the  philosophical  artists  of  Vienna  and  Berlin. 

France,  or  rather  Paris,  easily  bears  away  the  palm,  and  the 
beautiful  apparatus  exhibited  by  the  Paris  opticians  was  well  worthy 
of  better  competitors.  We  have  never  seen  more  beautifully  devised 
and  executed  apparatus  than  the  optical  instruments  exhibited  by 
M.  Dubosq  and  M.  Soleil,  and  the  acoustical  apparatus  of  M.  Koenig. 

Having  thus  entered  our  general  protest,  in  justice  to  the  artists 
of  London,  Vienna,  and  Berlin,  who  have  not  appeared,  we  now 
proceed  to  the  more  pleasing  task  of  noticing  a  few  of  the  most 
ingenious  of  the  instruments  exhibited.  Before  doing  so,  however, 
we  must  state  that  we  found  much  difficulty  in  obtaining  information 
respecting  the  articles  exhibited,  so  that  our  tour  round  the  philoso¬ 
phical  instrument  cases  was  that  of  a  philosopher  in  search  of  a  new 
idea  without  any  other  aid  than  that  afforded  by  the  instruments 
themselves,  and  such  imperfect  guesses  at  their  uses  as  we  were  able 
to  devise.  If  the  result  of  our  search  has  proved  like  that  of 
Diogenes  in  search  of  a  Man,  it  must  be  attributed  either  to  the 
modesty  of  the  exhibitors,  or  to  the  point  of  view  of  the  observer. 

I.— METEOROLOGICAL  INSTRUMENTS. 

1.  BAROMETERS. — The  long-felt  and  hitherto  ungratified  desire 
for  a  good  self-registering  barometer  has  led  to  the  exhibition  of 
several  such  instruments,  among  which  we  may  mention,  in  parti¬ 
cular,  those  exhibited  by  M.  Pillischer,  88  New  Bond  Street,  Lon¬ 
don  ;  by  Mr.  F.  L.  West,  of  31  Cockspur  Street,  London  ;  and  by 
Vice-admiral  Sir  Alexander  Milne,  made  by  Mr.  Adie,  395  Strand, 
London.  We  believe  that  Mr.  West’s  self-registering  barometer 
was  suggested  by  Admiral  Milne,  as  well  as  that  exhibited  by  Mr. 
Adie.  This  distinguished  officer  deserves  the  thanks  of  the  scientific 
public  for  his  ingenuity  and  perseverance. 

Mr.  West  has  devoted  much  time  to  the  construction  and  improve¬ 
ment  of  these  instruments  since  the  year  1857,  when  Sir  Alexander 
Milne  presented  him  with  a  roughly-constructed  apparatus  made 
and  used  by  himself.  Great  improvements,  however,  have  been 
made  from  time  to  time  as  experience  and  practice  suggested.  The 
great  difficulty  to  be  overcome  lay  in  the  problem  of  so  adjusting 
the  mechanism  for  obtaining  registration,  that  the  action  of  the  float 
upon  the  mercury  should  not  be  in  the  slightest  degree  impeded, 
but  should  register  accurately  the'most  sensitive  movement  of  the 
mercurial  column.  The  last  improvement  is  that  with  the  drum 
arrangement,  but  owing  to  some  misunderstanding  it  was  not 
exhibited  in  its  complete  form.  It  is  nevertheless  provided  with 
adjustments  for  the  correction  of  every  part  independently,  for 
the  verification  of  the  whole  simultaneously.  The  self-registering 
barometer  records  the  height  of  the  mercurial  column  at  every  hour 
of  the  day  and  night,  by  a  series  of  dots  made  upon  the  paper 
attached  to  the  cylinder,  which  revolves  once  in  eight  days,  the  time 
of  going  of  the  clock,  which  also  by  its  mechanism  raises  the  hammer 
that  strikes  the  point  and  marks  the  paper.  The  clock  is  re-wound 
and  a  fresh  paper  attached  to  the  cylinder  once  a  week.  It  is  con¬ 
structed  with  a  syphon  column,  in  the  open  end  of  which  is  suspended 
from  a  delicate  watch  spring  barrel  chain  a  cast-iron  float  fitted  to 
the  interior  of  the  tube  ;  the  chain  is  attached  to,  and  passes  over 
the  periphery  of  the  small  brass  wheel,  which  again  is  fitted  to  an 
arbor  carrying  another  wheel  larger  in  the  proportion  of  three  to 
one,  having  another  piece  of  similar  chain  attached  to  it,  and  work¬ 
ing  on  its  periphery,  the  other  end  being  attached  to  a  float  carrying 
in  a  case  a  steel  point  with  a  spiral  spring  to  mark  the  paper ;  this 
float  rests  in  a  trough  of  mercury,  and  is  thus  moved  freely  to 
and  fro,  almost  entirely  without  friction,  by  having  a  counterpoise 
attached  by  another  piece  of  chain  passing  over  a  wheel  on  the 
opposite  end  of  the  trough.  All  the  bearings  work  on  points, 
thus  freeing  them  as  much  as  possible  from  friction.  The  space 


traversed  by  the  steel  point  is  exactly  3  inches,  the  ordinary 
range  of  the  mercurial  column. 

Many  portable  barometers  for  the  measurement  of  heights,  and 
standard  observatory  barometers,  are  exhibited,  which,  though 
remarkable  for  the  excellence  of  their 
workmanship,  present  no  feature  of 
novelty  sufficiently  interesting  for 
further  description. 

M.  Casella,  23  Hatton  Garden, 

London,  exhibits  some  excellent  Wol¬ 
laston  thermometers  for  the  measure¬ 
ment  of  heights.  No  important  baro¬ 
metrical  determination  of  heights 
should  be  made  without  being  checked 
by  the  boiling  point  of  water;  and, 
though  we  cannot  agree  with  the 
enthusiasts  who  would  substitute  Wol¬ 
laston’s  thermometer  for  the  moun¬ 
tain  barometer,  we  think  it  has  been 
too  much  neglected  by  hypsomet- 
ricians.  Mr.  Casella’s  mountain  ther¬ 
mometer  is  among  the  best  we  have 
seen. 

The  engraving,  Fig.  G58,  shows  its 
general  construction,  consisting,  first, 
of  a  strong  and  sensitive  enamelled 
thermometer,  the  scale  ranging  from 
180°  to  214°  Fahr.,  being  engine- 
divided  on  the  stem,  so  as  to  show 
distinctly  the  tenth  of  a  degree; 
secondly,  a  copper  boiler  attached  to 
a  small  tripod  stand ;  to  the  top  of 
the  boiler  a  telescopic  three-draw 
tube  is  attached,  which  is  again  sur¬ 
rounded  by  a  second  tube  and  screwed 
to  the  top  of  the  boiler.  The  inner 
tube  has  perforations  near  the  top 
which  allows  the  steam  readily  to  fill 
the  outer  chamber  and  escape  freely 
by  the  side  tube.  The  thermometer 
is  supported  at  about  one  inch  from  Casella’s  Mountain  Thermometer, 
the  water  in  the  inner  chamber  by 

means  of  a  cork  or  india-rubber  washer  sliding  on  the  stem ;  and 
is  immersed  in  the  steam  to  any  required  point  by  sliding  the  tele¬ 
scopic  tube  to  any  desired  height.  A  metallic  spirit  lamp,  with 
slide  to  protect  the  flame  in  the  open  air,  is  packed  along  with 
the  instrument,  which  has  two  thermometers  in  case  of  accident. 


Fig.  C59. 


Casella’s  Mountain  Thermometer,  packed  in  Case. 


Mr.  Casella  proposes  to  employ  with  this  instrument  a  series  of 
tubes,  to  be  used  in  succession  for  different  heights,  and  each  gradu¬ 
ated  to  show  1°  Fahr.  on  an  inch  scale,  subdivided  into  twentieths, 
by  means  of  which  an  elevation  of  2  or  3  feet  may  be  estimated. 


Fig.  G5S. 
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When  packed  in  a  leather  case  (Fig.  659),  the  whole  forms  an 
excellent  and  portable  instrument. 

2.  THERMOMETERS.— The  best  maximum  and  minimum  thermo¬ 
meters  exhibited  are  those  constructed  on  the  maximum  principle 
of  Professor  Phillips,  and  on  a  new  principle  discovered  by  Mr. 
Casella,  junior.  The  principle  of  Professor  Phillips’  thermometer, 


Casclla's  Maximum  and  Minimum  Thermometer,  in  action  on  Grass. 

as  is  well  known,  consists  in  having  the  mercurial  column  divided 
by  a  bubble  of  air,  so  that  as  the  temperature  rises  the  mercurial 
plug  is  pushed  forward  by  the  air,  and  on  the  temperature  falling  it 
remains  in  its  most  advanced  position,  and  indicates  the  maximum 
temperature  attained.  Fig.  660  represents  one  of  these  ther¬ 
mometers  in  action,  having  recorded  the  maximum  temperature 
of  115°  Fahr.,  by  exposure  on  grass.  For  physiological  experiments, 
such  as  taking  the  temperature  of  the  mouth  in  fever,  these  thermo¬ 
meters  are  the  best  we  know  of,  as  they  may  be  held  in  any  position 
without  danger  of  disturbing  the  maximum  temperature  recorded.  The 
other  maximum  and  minimum  thermometer,  invented  by  L.  M.  Cas¬ 
ella,  is  formed  on  a  completely  novel  principle,  and  if  it  should  bear  the 
test  of  long  trial  will  prove  a  very  useful  meteorological  instrument. 
The  inventor’s  design  was  to  supply  the  long-felt  want  of  some  means 
of  registering  cold  with  the  same  fluid  as  that  employed  to  register 
heat,  viz. ,  mercury,  instead  of  alcohol.  The  latter,  from  its  volatility, 
and  the  intervention  of  gaseous  partitions  in  the  spirit,  proved  a 
constant  source  of  uncertainty  even  in  this  country,  whilst  in  tropical 
climates  these  defects  become  so  intensified  as  to  induce  the  belief 
of  some  change  in  the  condition  of  the  alcohol  itself.  The  adoption 
of  steel  indices  necessitated  the  employment  of  cumbrous  forms, 


Casella’s  Mercurial  Minimum  Thermometer. 

and  other  serious  objections 
attended  their  use.  The  diffi¬ 
culty  was  to  discover  some 
means  by  which  the  mercury 
itself  might  be  detained  at 
the  minimum  point.  In  various  experiments  conducted  by  Mr. 
Casella  it  occurred  to  him  that  the  adhesive  property  of  mercury 
for  glass  in  vacuo — together  with  the  fact,  that  where  two  tubes 
are  united  to  one  bulb,  this  fluid  will  rise  by  expansion  in  the  larger, 
and  recede  by  contraction  in  the  smaller  tube — might  enable  him 
to  obtain  the  end  in  view.  The  result  is  the  invention  of  probably 
the  first  instrument  known  to  register  past  indications  without  having 
or  forming  any  separate  index,  or  in  which  the  adhesive  property  of 
mercury  for  glass  as  a  fixed  point  has  ever  been  employed. 

Description  of  the  Instrument. — The  general  form  and  arrange¬ 
ment  is  shown  in  elevation  in  Fig.  661,  and  also  a  full-sized  section 
of  the  bend  and  chamber;  d  is  a  tube  with  large  bore,  at  the  end  of 
which  a  flat  glass  diaphragm  is  formed  by  the  abrupt  junction  of  the 
small  chamber,  a  b,  the  inlet  to  which  at  b  is  larger  than  the  bore  of  the 


indicating  tube.  The  result  of  this  is  that  on  setting  the  thermo¬ 
meter  as  described  below,  the  contracting  force  of  the  mercury  in 
cooling  withdraws  the  fluid  in  the  indicating  stem  only,  whilst  on  its 
expanding  with  heat,  the  long  column  does  not  move,  the  increased 
bulk  of  mercury  finding  an  easier  passage,  viz.,  into  the  small  pear- 
shaped  chamber  attached. 

To  set  the  instrument,  place  it  in  a  horizontal 
position,  with  the  back  plate,  E,  suspended  on  a 
nail,  and  the  lower  part  supported  on  a  hook,  F. 
The  bulb  end  may  now  be  gently  raised  or  lowered, 
causing  the  mercury  to  flow  slowly  until  the  bent 
part,  d,  is  full,  and  the  chamber,  a  b,  quite  empty. 
At  this  point  the  flow  of  mercury  in  the  long  stem 
of  the  tube  is  arrested,  and  indicates  the  exact 
temperature  of  the  bulb  or  air  at  the  time.  On 
an  increase  of  temperature  the  mercury  will 
expand,  as  above  explained,  into  the  small 
chamber,  a  b\  and  a  return  of  cold  will  cause  its  recession  from 
this  chamber  only,  until  it  reaches  the  diaphragm,  b.  Any  fur¬ 
ther  diminution  of  heat  withdraws  the  mercury  down  the  bore  to 
whatever  degree  the  cold  may  attain,  where  it  remains  until  further 
withdrawn  by  increased  cold,  or  till  re-set  for  future  observation. 
By  this  means  present  temperature  may  be  known,  and  cold  regis¬ 
tered  to  any  fraction  of  a  degree  observable  on  the  most  sensitive 
standard  thermometer.  There  is  no  separation  of  the  mercury  in 
any  of  its  indications,  and  it  is  said  that  no  vicissitudes  of  climate  or 
transit  can  disarrange  the  instrument. 

A  thermometer  of  extreme  sensitiveness  is  exhibited  by  Negretti 
&  Zambra,  Hatton  Garden,  London.  Its  sensitiveness  depends  on 
the  exposure  of  a  long  line  of  mercury  to  the  heat,  instead  of  a  bulb. 
It  thus  rapidly  acquires  the  temperature  of  the  surrounding  air,  and 
indicates  it. 

Mr.  Henry  Johnson,  39  Crutched  Friars,  London,  has  exhibited 
an  ingenious  metallic  thermometer  for  deep  sea  temperatures,  which 
has  the  merit  of  avoiding  the  error  caused  by  the  pressure  of  the 
water  on  the  glass  bulbs  of  ordinary  thermometers. 

The  instrument  (Fig.  662)  is  composed  of  solid  metals  of  consider¬ 
able  specific  gravity,  viz.,  of  brass  and  steel,  the  specific  gravity  of 
these  metals  being  8-39  and  7 '81,  respectively.  They  are  therefore  not 
liable  to  compression  by  the  water,  which  under  a  pres¬ 
sure  of  1120  atmospheres,  or  at  a  depth  of  5000  fathoms 
in  round  numbers,  acquires  a  density  or  specific  gravity 
of  1'06.  In  the  construction  of  this  instrument,  advan¬ 
tage  has  been  taken  of  the  well-known  difference  in  the 
ratios  of  expansion  and  contraction,  by  heat  and  cold,  of  brass  and 
steel,  to  form  compound  bars  of  thin  bars  of  these  metals  riveted 
together,  and  which  will  be  found  to  assume  a  slight  curve  in  one 
direction  when  heat  has  expanded  the  brass  more  than  the  steel, 
and  a  slight  one  in  the  contrary  direction  when  cold  has  con¬ 
tracted  the  brass  more  than  the  steel.  The  indications  of  the 
instrument  record  the  motions  under  changes  of  temperature  of  such 
compound  bars  in  which  the  proportion  of  brass,  the  more  dilatable 
metal,  is  two-thirds,  and  of  steel  one-third.  Upon  one  end  of  a 
narrow  plate  of  metal  about  a  foot  long,  a,  are  fixed  three  scales  of 
temperature,  h,  which  ascend  from  25°  to  100°  Fahrenheit,  and 
which  are  shown  more  clearly  in  the  drawing  detached  from  the 
instrument. 

Upon  one  of  these  scales  the  present  temperature  is  shown  by 
the  pointer  e,  which  turns  upon  a  pivot  in  its  centre.  The  register 
index  g  to  the  maximum  temperature,  and  the  index  /to  the  mini¬ 
mum  temperature,  are  moved  along  the  other  scales  by  the  pin 
upon  the  moving  pointer  at  e,  where  they  are  retained  by  stiff 
friction.  At  equal  distances  from  the  centre  of  the  pointer  are  two 
connecting  pieces,  d  d ,  by  which  it  is  attached  to  the  free  ends  of 
two  compound  bars,  b  b,  and  its  movements  correspond  with  the 
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movements  of  the  compound  bars  under  variations  of  temperature. 
The  other  ends  of  the  bars  are  fastened  by  the  plate  c  to  the  plate 
a,  on  which  the  scales  of  temperature  are  fixed.  The  connection 
crri  of  the  bars  with  both  sides  of 

° '  the  centre  of  the  pointer  pre- 

vents  disturbance  of  indica¬ 
tion  by  lateral  concussion. 
This  thermometer  might 
easily  be  modified  to  serve 
for  many  other  important 
uses  of  the  highest  interest  to 
science,  such  as  the  deter¬ 
mination  of  the  temperature 
of  intermittent  hot  springs, 
mud  volcanoes,  and  ordinary 
volcanoes. 

3.  ANEMOMETERS, — The 

only  anemometer  of  sufficient 
interest  to  be  noticed  is  that 
invented  by  the  Rev.  Dr. 
Robinson,  of  Armagh,  and 
exhibited  by  Mr.  Casella.  It 
was  first  used  as  a  portable 
instrument  in  1850-51,  in 
the  valuable  meteorological 
and  tidal  observations  made 
on  the  coasts  of  Ireland  by 
the  Royal  Irish  Academy, 
under  the  direction  of  the 
Rev.  Dr.  Lloyd,  of  Trinity 
College,  Dublin.  It  indicates  the  velocity  of  the  wind  directly,  and 
gives  for  this  meteorological  element  a  smaller,  but,  we  believe, 
more  reliable  value,  than  other  anemometers  in  common  use.  No 


Johnson’s  Deep  Sea  Thermometer. 


Mr.  Casella’s  instrument  is  a  modification  of  the  anemometer  de¬ 
vised  by  Dr.  Robinson,  which  consists  essentially  of  four  hemispherical 
cups  (Fig.  6G3),  having  their  diametral  planes  exposed  to  a  passing 
current  of  air ;  they  are  carried  by  four  folding  horizontal  arms 
attached  to  a  vertical  shaft  or  axis,  which  is  caused  to  rotate  by  the 
velocity  of  the  wind.  Dr.  Robinson  found  that  the  cups,  and  con¬ 
sequently  the  axis  to  which  they  are  attached,  revolve  with  one- 
third  the  wind's  velocity.  A  simple  arrangement  of  wheels  and 
screws  is  appended  to  the  instrument,  which,  by  means  of  two 
indices,  shows  on  inspection  the  space  traversed  by  the  wind.  The 
outer  or  front  wheel,  one  revolution  of  which  is  equal  to  the  transit 
of  five  miles  of  wind,  is  furnished  with  two  graduated  circles,  the 
interior  being  divided  to  the  eighth  part  of  a  mile,  so  that  each 
division  is  equal  to  a  furlong,  while  the  exterior  is  divided  into  one 
hundred  parts,  each  being  equal  to  five  miles.  The  stationary  index 
at  the  top  of  the  dial  marks  the  number  of  miles  {under  five)  and 
furlongs  that  the  wind  may  have  traversed,  in  addition  to  the  miles 
shown  by  the  traversing  index,  which  revolves  with  the  dial  and 
indicates  the  transit  of  every  five  miles.  The  graduation  is  to  five 
hundred.  The  traversing  index  is  furnished  with  a  milled-headed 
screw  at  the  back  of  the  instrument,  which  is  employed  for  bringing 
its  extremity  to  the  zero  point  when  the  instrument  is  set,  which 
consists  in  merely  turning  it  by  means  of  the  milled-headed  screw, 
and  bringing  the  end  of  the  index  to  point  to  zero. 

By  means  of  the  folding  arms  this  anemometer  is  rendered  ex¬ 
tremely  portable.  When  in  use,  it  may  be  screwed  on  a  shaft  or 
ordinary  piece  of  gas-pipe,  which  accompanies  it,  and  elevated 
to  any  desirable  altitude.  It  may  be  used  either  on  shore  or  at 
sea.  It  may  readily  be  set  up  on  the  highest  part  of  a  building,  or 
suitably  elevated  on  board  a  vessel.  When  inspected,  it  will  show 
alike  the  wind’s  present  velocity,  as  well  as  the  rate  at  which  it  has 
passed  since  it  was  set  or  last  read. 

II.— ACOUSTICAL  INSTRUMENTS. 


Casella’s  Anemometer. 


meteorological  observatory  should  be  without  this  valuable  instru¬ 
ment,  which  is  essential  in  determining  the  resultant  wind  of  a  locality, 
as  distinguished  from  the  most  freguent  wind  of  the  same  place. 


Among  the  English  exhibitors,  Mr.  J.  Henry  Griesbacb,  19 
Carlton  Road,  Maida  Vale,  claims  especial  mention  for  his  mono¬ 
chord,  intended  to  ascertain  the  number  of  vibrations  in  a  second, 
of  a  string  tuned  to  a  certain  pitch  by  ear,  and  to  register  and  print 
the  same. 

The  instrument  is  figured  in  Figs.  604  to  G67.  The  following 
explanation  of  the  figures  will  render  the  use  of  the  monochord  quite 
evident : — 

In  Fig.  GG7,  M  is  the  registering  apparatus ;  x,  the  monochord ;  K, 
the  rotating  bow ;  e,  the  counter  weight  and  triangular  support. 
Fig.  6G4  is  the  rotating  bow,  by  which  the  string  of  the  monochord  is 
kept  in  a  state  of  constant  vibration  for  any  required  time  (seen  in 
position  at  K,  Fig.  667).  Fig.  665  is  the  movable  bridge  used  in 
turning  the  string  of  the  monochord.  Fig.  666  is  the  registering  ap¬ 
paratus.  The  upper  cylinder,  A,  holds  the  paper  on  which  the  vibra¬ 
tions  and  seconds  are  to  be  printed.  The  middle  cylinder,  B,  is  covered 
with  tracing  paper.  One  end  of  the  paper  on  the  upper  cylinder,  A, 
is  attached  to  the  lower  cylinder,  C,  and  when  the  apparatus  is  in 
action,  is  wound  on  to  the  lower  cylinder  by  turning  the  handle,  D. 
This  paper  is  strained,  and  kept  in  close  contact  with  the  tracing 
paper  on  cylinder  B,  by  the  resistance  of  the  counter  weight  E,  in 
Fig.  667.  The  string  to  which  the  counter  weight  is  attached  pro¬ 
ceeds  from  the  reel  forming  part  of  cylinder  A,  passing  under  a 
pulley  or  the  foot-board  of  the  registering  apparatus,  and  from  thence 
over  a  pulley  attached  to  the  upper  part  of  the  triangular  support 
of  the  counter  weight.  The  string  of  the  monochord,  when  put 
into  a  state  of  vibration,  impinges  on  the  piece  of  brass  attached  to 
the  spring  and  printing  point  F  (Fig.  667),  which  is  caused  to  strike 
the  paper  in  contact  with  the  tracing  paper  on  cylinder  B ;  the 
paper  consequently  receives  a  printed  dot,  and  if  the  paper  were  at 
rest  the  printing  point  would  continue  to  strike  the  paper  at  the 
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place  where  the  dot  was  printed ;  but  as  the  paper,  during  the 
operation,  is  in  constant  motion  by  being  wound  from  cylinder  A  to 
cylinder  c,  it  receives  a  succession  of  printed  dots  from  the  tracing 


Fig.  G66. 


Fig.  664. 


Fig.  665. 


sounding-board  being  tuned  to  any  note  required.  The  movable 
bridge  must  then  be  taken  away,  and  the  whole  length  of  string 
will  give  the  vibrations  of  the  note  two  octaves  lower  than  the 
note  to  which  the  fourth  part  of  the  string  was  tuned.  The  number 
of  vibrations  in  a  second  will  depend  on  the  pitch  to  which  the 
string  has  been  tuned,  and  it  is  practically  convenient  and  desirable 

Fig.  667. 


Griesbach's  Monocliord— Details. 

paper,  thus  recording  the  vibrations  of  the  string  of  the  mono¬ 
chord  ;  at  the  same  time,  the  plate  at  the  end  of  the  rod  G  (Fig. 

666)  is  struck  by  the  finger  every  second,  either  by  watching  a 
pendulum,  or,  what  is  more 

convenient,  a  metronome  set 
to  60,  which  will  give  seconds ; 
by  this  process  a  second  series 
of  printed  dots  is  obtained, 
which  mark  off  the  number  of 
vibrations  that  have  passed  in 
every  second.  The  string  of 
the  monochord  is  timed  by 
means  of  the  screw  h  (Fig. 

667) ,  three-fourths  of  its  length 

being  previously  cut  off  by  the  movable  bridge  J  (Fig.  665), 
temporarily  fixed  for  that  purpose  on  the  monochord,  at  the 
point  marked  the  remaining  fourth  part  of  the  string  over  the 


Griesbach's  Monocliord. 


to  take  the  number  of  vibrations  given  in  10,  20, 
Supposing  10  seconds  to  give  160  vibrations,  one 
equal  to  16  vibrations. 


or  30  seconds, 
second  will  be 


=  16 

vibrations, - 


Two  octaves 
lower. 


One  octave 
lower. 


=  32  - 1  =  64  :  =  128 

vibrations, - 1  vibrations, - 1  vibrations, 

K3- 


=  256 

I  vibrations, 


(the  number  of  the 
<  double  vibrations  of 
(the  note  required. 


We  feel  it  difficult  to  render  justice  to  the  excellence  and  in¬ 
genuity  of  the  acoustical  apparatus  exhibited  by  M.  Rudolph  Koenig, 
5  Place  du  Lycee  Louis  le  Grand,  Paris  (No.  1394).  From  the 
time  that  M.  Marloy,  of  Paris,  withdrew  from  business,  no  instru¬ 
ment  maker  devoted  himself  specially  to  the  making  of  acoustical 
apparatus.  M.  Koenig  has  supplied  this  defect,  and  the  perfection 
of  his  apparatus  leaves  but  little  to  desire.  M.  Koenig  has  not 
confined  himself  to  the  production  of  known  instruments,  already 
used  in  the  lecture  room ;  he  has  also  attempted,  and  with  success, 
to  place  within  the  reach  of  students  the  memoirs  on  acoustics 
of  Savart,  Helmholtz,  Lissajous,  and  Desains,  by  providing  the 
apparatus  requisite  for  the  repetition  of  the  experiments  of  these 
distinguished  men.  The  following  instruments  are  especially  worthy 
of  notice  among  the  many  exhibited  : — 

1.  THE  TONOMETER  OF  SCHEIBLER.  —It  consists  of  a  series  of 
diapasons,  each  one  of  which  differs  from  the  next  by  eight  simple 
vibrations,  which  correspond  to  four  beats.  The  series  commences 


with  ut3  of  512  vibrations,  and  ends  with  uti  of  1024  vibrations,  i.e., 
it  ranges  from 


Hence  the  65th  diapason  makes  64  times  8,  or  512  vibrations  in 
the  second  more  than  the  first  diapason ;  and  since  the  numbers  of 
vibrations  of  the  two  extreme  diapasons  are  as  2  :  1,  it  results  that 
the  first  gives  exactly  512  vibrations,  and  the  other  exactly  1024 
vibrations  in  the  second.  This  instrument  is  useful,  not  merely  for 
the  determination  of  the  absolute  number  of  vibrations  made  in  a 
second,  but  also  for  the  study  of  the  whole  theory  of  beats,  and 
interference  of  musical  sounds.  It  may  also  be  used  for  practical 
purposes,  to  tune,  by  means  of  the  beats,  any  tempered  gamut. 

One  of  the  chief  difficulties,  both  in  the  study  of  acoustics,  and  in 
tuning  of  instruments,  is  to  acquire  that  auris  eruditus  which  will 
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detect  small  differences  between  two  notes,  nearly,  but  not  quite 
identical  in  pitch.  By  the  use  of  Scheibler’s  tonometer  this  diffi¬ 
culty  is  overcome,  and  the  tuning  of  gamuts  is  effected  with  mathe¬ 
matical  precision,  and  may  be  accomplished  by  an  ear  quite 
unmusical. 

M.  Koenig  exhibits  three  tempered  gamuts,  tuned  respectively, 
by  the  aid  of  the  tonometer,  to  the  normal  la  of  870  vibrations 
used  in  France,  to  the  la  of  880  vibrations  used  in  Germany,  and 
the  la  of  888  vibrations  used  iu  England.  If  we  wish  to  tune,  by 
means  of  diapasons,  an  instrument  of  fixed  tones,  the  method  by 
unison  is  very  uncertain,  as  it  depends  upon  the  observer’s  ear  : 
but  we  can  find  the  number  of  beats  in  a  given  time  which  the 
instrument  will  give  with  a  given  diapason  ;  and  as  the  diapason  is 
known  which,  with  the  given  diapason,  will  produce  that  number 
|  of  beats,  of  course  we  can  know  what  particular  diapason  is  in  tune 
with  the  instrument. 

2.  THE  SIRENE  OF  SEEBECK. — In  this  instrument  a  clockwork 
movement  causes  discs  of  copper  to  revolve,  and  these  discs  are 
pierced  with  holes,  which  are  arranged  in  a  systematic  manner.  The 
movement  is  confined  in  a  double  box,  to  smother  the  noise  of  the 
wheels.  It  communicates  with  a  counter,  which  records  the  velocity 
of  rotation.  A  support  allows  of  the  blow-pipe  bsing  placed  in 
front  of  the  revolving  disc  in  any  manner  required,  and  on  each  side 
of  it.  Of  nine  discs  with  which  M.  Koenig  has  furnished  the  instru¬ 
ment,  four  are  intended  to  show  the  results  obtained  when  the 
isochronism  of  the  impulses  is  disturbed  in.  various  ways.  The 
fifth  disc  shows  that  impulses  coming  from  various  different  points 
may  yet  concur  in  the  production  of  the  same  sound.  The  sixth 
disc  is  used  for  experiments  on  interference.  The  seventh  carries 
eight  series  of  holes,  which  produce  the  gamut  of  mathematicians. 
The  eighth  disc  contains  eight  series  for  the  formation  of  harmonic 
and  resultant  sounds.  The  ninth  disc  is  intended  for  the  study  of 
the  theory  of  beats. 


2.  Composition  of  two  parallel  vibratory  movements  performed 
by  two  bodies,  after  Lissajous  &  Desains. 

3.  Composition  of  two  or  many  parallel  vibratory  movements 
performed  by  the  same  body. 

4.  Composition  of  two  rectangular  vibrations  performed  by 
two  bodies. 

5.  Composition  of  two  rectangular  vibrations  performed  by  the 
same  body. 

6.  Communication  of  vibrations  by  solid  bodies,  and  by  air- 
vibration  of  membranes. 

7.  Vibratory  movements  of  the  organs  of  hearing.  (Tympanum 
and  ear  bones.) 

M.  Koenig  has  also  exhibited  an  ingenious  apparatus  to  demon¬ 
strate  the  compression  of  air  that  takes  place  at  the  nodes  of  a  tube 
of  vibrating  air. 

At  the  points  which  form  the  node  of  the  fundamental  sound,  and 
the  two  nodes  of  the  octave,  the  tube  is  pierced  with  holes  closed 
by  a  fine  membrane,  and  each  membrane  is  surmounted  by  a  small 
capsule,  which  may  be  filled  with  coal  gas.  The  gas  issues  by  a 
very  fine  capillary  tube,  at  which  it  is  lighted.  When  the  tube  is 
made  to  speak,  if  it  gives  out  the  fundamental  sound,  the  central 
membrane,  which  is  now  at  a  node,  oscillates  forcibly,  and  jerks  out 
the  flame  corresponding  to  it,  while  the  two  other  flames  are  but 
little  disturbed ;  but  if  the  tube  gives  the  upper  octave,  these  flames 
are  in  their  turn  made  to  spring  up,  and  the  central  flame  remains 
tranquil. 

There  are  many  other  beautiful  acoustical  instruments  exhibited 
by  M.  Koenig,  such  as  M.  Terquem’s  rods,  Count  Schaffgotsch’s 
apparatus,  which  do  equal  honour  to  their  inventors,  and  to  the 
mechanical  skill  and  ingenuity  with  which  the  happy  ideas  of  the 
inventors  find  themselves  realized  by  M.  Koenig. 


3.  REFRACTION  OF  SOUND  BY  HAJECK.—  In  this  instrument  the 
prism  consists  of  a  copper  tube  closed  at  one  end  by  a  perpendicular 
membrane,  and  at  the  other  by  an  oblique  plane  membrane,  forming 
an  elliptical  section.  This  tube  may  be  filled,  with  the  aid  of  stop¬ 
cocks,  with  liquids  or  gases.  The  origin  of  sound  which  is  intended 
to  pass  through  the  prism  is  a  diapason,  mounted  in  front  of  a  rein¬ 
forcing  tube,  and  placed  before  the  perpendicular  membrane.  This 
diapason  is  placed  in  the  interior  of  the  box,  and  is  struck  by  a 
hammer  uporvpressing  a  button  outside  the  box.  The  direction  in 
which  the  refracted  sound  issues  with  the  greatest  intensity  is  easily 
found  by  means  of  Helmholtz’s  resonator,  which  is  movable  in  a 
circle  in  front  of  the  inclined  membrane,  and  communicates  by  an 
india-rubber  tube  with  a  copper  orifice,  which  is  placed  at  the  ear 
of  the  observer.  Membranes  of  different  obliquities  are  provided, 
stretched  upon  a  series  of  capsules  cut  obliquely,  and  which  can  be 
fitted  into  the  extremity  of  the  cylindrical  tube.  The  box,  which 
contains  the  diapason,  and  through  one  of  the  sides  of  which  the 
acoustic  tube  passes,  is  so  arranged  that  very  little  of  the  sound  pro¬ 
duced  by  the  diapason  can  escape  except  through  the  acoustic  tube. 

4.  LISSAJOUS  AND  DESAIN’S  APPARATUS  FOR  REPRESENTING 
OPTICALLY  AND  GRAPHICALLY  ACOUSTIC  VIBRATIONS.— For  a 
full  description  of  this  apparatus  we  must  refer  to  M.  Lissajous’ 
memoirs.  It  is  certainly  the  most  interesting  method  yet  devised 
for  exhibiting  the  various  combinations  of  rapid  vibratory  move¬ 
ments.  The  album  of  acoustic  autographs  exhibited  by  M.  Koenig, 
represents  admirably  the  beautiful  curves  produced  with  this  instru¬ 
ment  by  the  combination  of  vibrations.  It  contains  proofs  of  the 
graphical  process  for  registering  sonorous  vibrations,  with  the  theo¬ 
retical  figures  drawn  in  the  margin,  and  photographs  of  the  apparatus 
employed.  It  consists  of  seven  parts  : — 

1.  Determination  of  the  number  of  vibrations,  and  of  the  diapason 
used  as  a  chronoscope. 


MEASUREMENT  OF  TIME -CLOCKWORK- 
HOROLOGY. 

By  W.  IIislop,  F.R.A.S. 

NDER  the  direction  of  the  Royal  Com¬ 
missioners,  an  improved  system  of 
classification  has  been  adopted  on 
the  present  occasion,  to  which  we 
would  advert  before  endeavouring 
to  trace  the  features  of  resemblance 
and  of  contrast  between  the  horo- 
logical  display  of  1851  and  that  of 
the  present  year.  In  1 851  horological 
and  philosophical  instruments  were 
classed  together,  while  in  1862 
horology  has  a  department  to  itself 
— namely,  Class  15.  The  same 
numbering  of  classes  runs  through 
the  display  of  Foreign  States,  so  that  by  reference  to  the  catalogue 
we  can  learn  at  a  glance  whether  any  particular  branch  of  art  or 
industry  is  followed  or  represented  in  each  country.  The  quantity 
of  articli  «  exhibited  is  much  greater  than  on  the  former  occasion. 
In  1851  there  were  in  horology  87  English  exhibitors,  44  from 
Switzerland,  and  only  8  from  France.  In  1862  there  are  105 
English  exhibitors,  70  Swiss,  and  53  from  France.  The  latter 
large  increase  is  partly  due  to  some  of  the  watch-manufacturing 
districts  being  now  a  portion  of  the  French  empire. 

Our  Swiss  friends  have  the  advantage  over  their  French  and 
English  brethren  in  point  of  position,  by  being  placed  on  the  ground 
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floor.  In  their  case,  apart  from  readiness  of  access  and  greater 
publicity,  it  is  not  a  matter  of  much  importance,  as  most  of  their 
articles  are  portable  timekeepers,  requiring  no  fixed  base.  In  the 
French  and  English  courts,  however,  but  especially  in  the  latter,  there 
are  a  large  number  of  clocks,  some  of  them  with  delicate  gravity 
escapements,  and  all  requiring  a  firm  base,  not  alone  for  the  main¬ 
tenance  of  uniformity  of  rate,  but  to  enable  them  to  keep  in  motion 
at  all.  Instead  of  this  being  as  it  should  be,  the  French  and  Eng¬ 
lish  watch  and  clock  makers  have  been  placed  in  the  gallery,  which 
trembles  at  every  step,  and  hence  a  very  unexpected  test  has  been 
applied,  with  the  effect  of  stopping  all  but  two  or  three  of  the  higher 
class  of  astronomical  clocks.  Pendulums  vibrating  with  a  very 
short  excursion  beyond  the  angle  of  escapement,  will  invariably  stop 
under  such  circumstances,  and  it  is  quite  worth  while  to  inquire 
whether  this  does  not  show  the  fallacy  of  carrying  this  point  to 
an  extreme.  It  may  serve  to  put  this  matter  in  a  clearer  light  if  we 
find  that,  with  the  escapement  most  frequently  used  and  a  spring 
suspension,  a  clock  ought  to  go  better  theoretically,  and  will  go 
better  practically,  than  one  in  which  the  difference  between  the 
angle  of  escapement  and  angle  of  greatest  vibration  is  very  small. 

Taken  as  a  whole,  we  must  congratulate  ourselves  on  a  decided 
advance  at  all  points  in  practical  horology,  as  exhibited  at  the 
International  Exhibition  of  1862.  There  is  most  unquestionably 
a  higher  standard  of  excellence  attained,  and  it  is  worth  our  careful 
notice  that,  while  low-priced  articles  are  exhibited  and  receive 
their  proper  reward,  there  is  a  decided  tendency  to  recognize  the 
fact  that  the  practical  horologist  has  to  construct  one  of  the  most 
highly  scientific  instruments  in  ordinary  use.  This  being  so,  the 
perfecting  of  such  an  instrument  evidently  calls  for  high  theoretical 
and  practical  attainments  in  the  artist,  and  hence  the  commercial 
value  of  the  article  as  represented  by  its  cost  of  production  is 
necessarily  increased. 

These  remarks  will  he  more  easily  understood  if  we  glance  at 
the  Swiss  display.  Switzerland  has,  from  various  causes,  attained 
a  name  for  the  production  of  cheap  watches,  and  also  (without  the 
element  of  cheapness)  of  watches  of  exquisite  delicacy  of  finish. 
There  is  a  large  number  of  beautifully  executed  pocket  watches  and 
chronometers  shown  this  year,  which  cannot  be  excelled  in  work¬ 
manship,  and  no  doubt  stand  high  in  time-keeping  qualities.  But 
the  prices  of  these  watches  approach  very  closely,  and  sometimes 
exceed,  the  cost  of  English  watches,  fitted  to  do  the  same  kind  of 
work.  More  than  this,  the  fact  is  becoming  recognized  that  it  is 
absolutely  necessary  in  a  machine  of  any  kind,  and  particularly  in 
one  subject  to  so  many  contingencies  as  a  time-keeper,  that  there 
should  he  proper  room  and  space  for  the  various  parts  to  work  in, 
and  for  the  purpose  of  the  various  adjustments.  The  best  Swiss 
watches,  instead  of  being  small,  are  as  large  as  our  own,  and  some¬ 
times  even  exceed  them  in  size. 

The  great  speciality  of  the  English  horologist  is  in  chronometers, 
especially  for  marine  purposes.  Since  the  days  of  Harrison,  Eng¬ 
lish  chronometers  have  always  taken  the  lead,  and  this  superiority 
is  abundantly  manifest  in  the  present  Exhibition.  Swiss  workmen 
have  made  them,  and  made  them  well.  Some  are  displayed  in 
France,  and  a  few  in  Saxony ;  but  in  no  case  has  accuracy  of  per¬ 
formance  been  so  assiduously  studied  and  attained  as  among  Eng¬ 
lish  chronometer  makers.  We  shall  have  in  the  course  of  this 
paper  to  describe  some  of  the  refinements  of  chronometry  so  well 
represented  in  the  English  Court,  which  will  serve  to  show  the  high 
practical  attainments  of  our  leading  horologists.  While  writing 
this,  we  must,  however,  give  to  our  Swiss  and  French  brethren 
their  due.  It  cannot  be  denied  that,  in  point  of  theory  and  in  all 
knowledge  of  a  literary  character,  our  foreign  brethren  have  much 
the  advantage.  Their  works  and  pamphlets  on  horology  are  counted 
by  the  dozen,  while  we  have  no  modern  books  on  the  subject.  In 
the  French  Court  one  of  the  stands  is  covered  with  a  series  of 


printed  hooks  on  horology,  by  M.  Bobert,  which  all  exhibit  a  close 
acquaintance  with  the  scientific  laws  involved.  Foreign  horologists 
are  trained  and  educated  to  express  their  thoughts  in  writing,  while 
English  watchmakers  do  not  favour  such  community  of  thought; 
and  those  who  are  supposed  to  have  the  power,  do  not  justify  their 
reputation  by  their  achievements  with  the  pen.  In  France,  the 
demand  for  articles  of  luxury  has  given  a  tone  to  horology,  and  the 
production  for  the  market  of  clocks  which  should  present  externally 
certain  features  calculated  to  please  the  eye  has,  to  a  great  extent, 
overridden  the  great  end  of  time-pieces — namely,  that  of  showing 
the  time  of  day.  Hence  the  horological  productions  of  France, 
while  exhibiting  the  elegance  of  external  form  so  characteristic  of 
the  nation,  too  often  show  a  neglect  of  the  higher  principles  of  the 
art.  There  are,  however,  some  admirable  examples  of  refined 
mechanism,  as  for  instance,  those  of  Detouche  and  Leroy,  which 
abundantly  show  that  if  in  the  article  of  clocks  the  demand  should 
arise  for  internal  mechanism  in  contrast  or  in  combination  with 
external  beauty,  there  is  ample  power  to  fulfil  the  requirements  of 
the  case. 

In  Swiss  manufactures,  likewise,  principally  confined  as  they 
are  to  watches,  the  same  remarks  will  apply.  It  has  been  fashion¬ 
able  to  consider  the  perfection  of  a  watch  to  consist,  not  in  its  time¬ 
keeping,  but  in  its  smallness,  combined  with  elaboration  of  ornament. 
By  the  adoption  of  a  peculiar  system  the  Swiss  have  attained  this 
object  to  a  very  high  degree.  They  use  for  most  purposes  but  one 
construction — the  horizontal  escapement  with  going  barrel  move¬ 
ment  ;  and  by  confining  their  attention  mainly  to  this  construction, 
they  have  been  able  to  reduce  the  parts  by  degrees  to  such  an 
extent  as  to  produce,  at  a  reasonable  price,  watches  of  the  very 
smallest  size.  At  the  same  time  that  they  have  done  this  they  have 
educated  their  workmen  in  the  principles  of  art,  and  have  succeeded 
in  applying  engraving,  enamelling,  and  ornamental  jewellery  to  the 
exterior  of  their  bijou  time-keepers  with  great  taste  and  originality. 

If  suitability,  however,  is  to  be  considered,  if  adaptability  to  the 
original  intent  be  at  all  worth  retaining,  it  must  he  borne  in  mind 
that  mere  elegance  of  form  can  be  better  satisfied  by  the  more 
legitimate  labours  of  the  sculptor  and  painter  than  by  the  contem¬ 
plation  of  an  article  which  was  originally,  and  is  still,  intended  for 
use,  and  a  use  of  the  most  precise  character.  A  lady  who  thinks 
much  of  the  external  beauty  of  her  drawing-room  clock  or  of  the 
jewelled  watch  she  sometimes  carries,  often  forgets  their  proper 
uses— she  forgets  to  wind  or  regulate  them,  and  they  soon  take  the 
place  of  mere  trinkets  or  articles  of  vertu.  We  do  not  speak  against 
external  form  as  defined  by  the  rules  of  art,  but  we  simply  maintain 
that  it  should  always  be  combined  with  suitability  for  the  purpose 
intended.  The  best  horologists  in  France  and  Switzerland  recog¬ 
nize  these  truths,  and  the  careful  observer  will  see  that  our  neigh¬ 
bours  know  how,  when  occasion  arises,  to  lose  sight  of  outside 
show,  and  pay  close  attention  to  internal  excellence  and  precision. 

We  regret  that  we  have  not  much  to  say  in  favour  of  design,  as 
shown  in  the  English  department.  In  clocks  especially,  the  more 
ambitious  attempts  at  ornaments  are  the  most  perfect  failures ;  and 
anything  much  more  hideous  than  some  of  the  clock-cases  exhibited, 
even  by  well-known  names,  it  would  be  difficult  to  conceive. 
Workmanship  is  good,  carving  where  employed  is  unexceptionable  ; 
hut  visions  of  their  form  and  design  haunt  us  as  we  write,  rather  like 
the  distortions  of  an  unquiet  dream  than  as  outlines  intended  to 
envelope  the  mechanism  of  our  favourite  monitors.  In  watches 
the  case  is  different.  A  great  improvement  has  taken  place  of  late 
in  the  ornamentation  of  watch-cases  and  dials.  The  best  English 
styles  are  now  imitated  by  our  foreign  rivals,  and  it  would  not  be 
difficult  to  point  out  English  watches  in  the  Exhibition  which  equal, 
if  they  do  not  surpass  in  extreme  elegance  as  well  as  exquisite 
workmanship,  the  finest  and  most  expensive  productions  of  foreign 
states.  Nothing  can  be  more  beautiful  than  the  specimens  of 
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ornamentation  in  this  department  exhibited  by  Messrs.  M.  F.  Dent, 
White,  &  C.  Frodsham  in  the  English  department,  while  the 
specimens  of  engraving  shown  by  Switzerland  are  in  themselves 
perfect  pictures.  French  clocks,  as  usual,  are  remarkable  for  ex¬ 
ternal  ornament,  but  they  can  hardly  on  the  present  occasion  claim 
the  additional  recommendation  of  cheapness. 

As  might  be  expected  in  a  class  of  productions  the  mechanism 
of  which  is  so  small,  there  is  an  immense  amount  of  labour  in  a 
narrow  space.  It  would  be  impossible,  even  in  a  large  volume,  to 
describe  the  contents  of  Class  15.  There  is  also  comparatively  little 
that  is  really  new,  although  many  contrivances  which  are  coming 
into  use  are  now  publicly  shown  for  the  first  time  on  a  similar 
occasion,  or  are  so  much  improved  in  details  as  to  call  for  notice. 

At  the  time  we  write  the  awards  of  the  juries  have  been  pub¬ 
lished,  but  w’e  regret  that  we  are  unable  in  strict  fulfilment  of  our 
trust,  to  follow  these  awards  as  indications  of  the  most  important 
features  of  Class  15.  A  practical  mechanic  W'ould  hardly  do  so 
for  his  own  guidance  ;  and  when  both  science  and  practice  have  tc 
be  respected,  as  in  a  permanent  record  like  the  present,  it  is  neces¬ 
sary  carefully  to  weigh  the  merits  not  only  of  the  subjects  considered, 
but  also  of  all  awards  respecting  them,  otherwise  the  juror’s  report 
would  be  in  itself  a  scientific  record  of  the  Exhibition.  No  doubt 
the  jurors  have  had  an  onerous,  and  in  many  cases  an  unthankful 
task  to  fulfil,  and  they  deserve  all  praise  for  their  exertions.  It  is 
probably  natural  that  those  who  are  engaged  in  the  manufacture, 
knowing  more  intimately  the  merits  of  their  articles,  have  leaned 
favourably  towards  those  with  whom  they  may  have  had  con¬ 
nections  in  business.  This  would  account  for  the  remarkable 
way  in  which  awards  of  medals  have  run  down  the  list  of  names 
well  known  to  be  more  or  less  remotely  connected  with  various 
firms,  while  rivals,  or  supposed  rivals,  are  unnoticed  or  “  damned 
with  faint  praise.” 

We  propose  to  divide  the  subject  as  follows : — First,  we  shall 
describe  turret  clocks,  or  that  large  kind  of  clock  which  is  usually 
made  with  skeleton  frames,  and  which  is  intended  to  show  the  time 
upon  large  dials  either  in  the  interior  or  on  the  exterior  of  a  building. 
Astronomical  and  standard  clocks  will  next  occupy  our  attention, 
and  this  will  involve  a  notice  of  escapements  employed  in  these 
instruments.  Chronometers,  or  watches  of  precision,  both  for 
ships  and  for  the  pocket,  will  follow,  including  some  consideration 
of  the  different  kinds  of  auxiliary  compensation  employed.  We 
shall  then  pass  on  to  watches  for  ordinary  uses,  especially  of  the 
finer  kinds,  and  shall  conclude  with  a  notice  of  the  few  tools  and 
collections  of  materials  exhibited. 

TURRET  OR  CHURCH  CLOCKS.— The  chief  points  sought  to  be 
attained  in  the  construction  of  these  larger  specimens  of  the  horo- 
logical  art  are  strength,  combined  with  lightness,  in  the  proportion 
of  the  various  parts ;  simplicity  of  detail ;  facility  of  access  to  the 
whole ;  and  ease  of  adjustment,  combined  with  a  moderate  degree 
of  accuracy  in  performance. 

It  will  be  evident  that  very  great  precision  is  not  to  be  expected 
in  a  clock,  the  hands  of  which  are  exposed  to  the  wind;  and  even 
if  the  hands  were  protected  from  its  influence,  their  necessary  size 
and  coarseness  would  prevent  the  evidence  of  any  very  small  amount 
of  error.  These  clocks  do  not  usually  carry  seconds  hands,  at 
least  externally,  and  therefore  a  close  rate  cannot  be  appreciated. 
At  the  same  time  there  is  no  mechanical  reason  why  a  turret  clock 
should  not  go  exceedingly  well,  provided  ordinary  soundness  of 
principle  is  followed,  although  it  cannot  compete  with  the  precision 
of  our  so-called  astronomical  clocks  and  regulators. 

The  escapement  in  this  as  in  any  other  form  of  horological 
mechanism  is  of  the  highest  importance,  and  the  performance  of 
the  piece  depends  much  upon  its  soundness  of  principle  and  excel¬ 
lence  of  workmanship.  An  escapement  should  possess  the  following 
qualities: — Being  intended  to  keep  the  pendulum  in  motion,  it 


should  supply  the  necessary  force  with  absolute  regularity,  so  that 
the  pendulum  should  vibrate  to  the  same  distance  at  all  times. 
Irregularities  in  the  power  transmitted  through  the  wheel  work, 
should  not  take  effect  upon  the  pendulum.  The  latter  should  be 
free  to  exercise  its  own  peculiar  governing  power,  and  obey  those 
laws  of  motion  upon  which  the  excellence  of  this  form  of  regulator 
depends.  It  should  be  simple,  not  likely  to  get  out  of  order  or  to 
wear  much,  and  when  worn  it  should  be  easy  of  repair. 

A  form  of  escapement  known  as  the  remontoir  or  rewinder,  has 
found  much  favour  among  the  improvers  of  turret  clocks.  The 
transmission  of  the  motive  power  through  a  long  train  of  wheels  is 
unfavourable  to  the  desired  uniformity  of  impulse,  and  in  exposed 
clocks  the  oil  necessarily  applied  to  diminish  friction  is  often  very 
variable  in  its  fluidity.  The  wind,  too,  acting  on  the  hands  will 
cause  the  transmitted  power  to  fluctuate.  It  has  therefore  been 
concluded  that  a  constant  force  applied  close  to  the  escapement, 
which  shall  be  wound  up  or  renewed  at  fixed  intervals  by  the  chief 
force,  would  give  a  more  uniform  rate.  The  contrivance  may  either 
be  a  spring  remontoir  or  a  gravity  remontoir.  The  former  is  open 
to  the  grave  objection  that  temperature  affects  it.  In  the  latter 
case  a  small  weight  acts  directly  upon  the  escape  wheel,  which  may 
be  the  ordinary  Graham  or  dead  beat.  There  is  another  applica¬ 
tion  of  the  remontoir  principle  known  as  the  gravity  escapement, 
in  which  the  weight  raised  acts  directly  upon  the  pendulum,  the 
ordinary  escapement  wheel  being  dispensed  with. 

The  finest  specimen  of  a  large  clock  in  the  Exhibition  has  the 
latter  form  of  escapement.  It  is  a  form  known  as  Denison’s 
escapement,  and  may  be  found  described  in  a  small  book  called 
“  Denison’s  Clock  and  Watch  Work,”  published  by  Weale.  The 
only  difference  is,  that  there  are  five  teeth  instead  of  three.  The 
clock  has  also  a  train  remontoir  to  guard  against  great  disturbances, 
which  have  the  effect  of  causing  this  escapement  to  trip  or  stop. 
The  tout  ensemble  of  this  clock  is  noteworthy,  as  presenting  an 
original  form  of  frame  which  is  made  of  cast-iron,  heavy  and  strong, 
and  permanently  fixed  together  as  a  whole,  requiring  no  unbolting 
or  removing  of  parts  for  the  insertion  or  taking  out  of  the  wheels 
while  being  cleaned  or  undergoing  repair,  as  is  the  case  in  the  old 
“  bedstead”  form  of  frame.  Each  wheel  has  also  its  own  separate 
carrier  or  bush  secured  to  the  frame,  so  that  any  one  can  be  removed 
without  interfering  with  the  others. 

The  maintaining  power  adopted  in  this  clock  is  said  to  be  new,  by 
the  exhibitors,  Messrs.  Cooke  &  Sons,  of  York.  It  has  the  advantage 
that  the  act  of  winding  supplies  the  auxiliary  force  necessary  to 
keep  the  clock  going,  so  that  however  long  the  winding  may  be 
continued,  or  however  carelessly  performed,  no  injury  can  result, 
and  no  check  can  be  given  to  the  going  of  the  clock.  It  consists 
of  three  wheels,  one  of  them  fixed  on  the  arbor  of  the  main  wheel 
and  barrel,  both  of  which  turn  loosely  upon  it.  The  wheel  fixed 
on  the  arbor  gears  into  a  second,  which  turns  on  a  pivot  fixed  to 
one  of  the  radial  bars  of  the  main  wheel.  This  second  wheel  gears 
internally  into  a  large  wheel  fixed  to  the  barrel,  on  the  outside  of 
which  wheel  is  the  barrel  ratchet  with  its  click  fixed  to  the  main 
wheel  as  usual. 

The  winding  handle,  when  applied  to  the  squared  arbor,  is  turned 
in  the  opposite  direction  to  what  is  usually  the  case,  the  ban-el  and 
handle  moving  in  opposite  directions.  As  soon  as  the  winding 
commences,  the  wheel,  turning  on  a  pin  fixed  to  the  radial  bar  of 
the  main  wheel,  relieves  the  ratchet  wheel  and  click,  and  transfers 
the  force  previously  to  winding  exerted  on  the  click,  to  the  radial 
bar,  and  thus  continues  the  main  wheel  in  its  course.  The  same 
contrivance  is  applied  to  both  the  hour  and  quarter  barrels,  so  that 
if  the  clock  commences  striking  while  the  winding  is  proceeding, 
the  striking  will  go  on  the  same  as  if  no  winding  was  taking  place. 
The  contrivance  also  acts  as  a  winding  jack  for  diminishing  the 
power  necessary  to  be  applied  to  wind  the  clock. 
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The  pendulum  is  compensated  by  a  combination  of  zinc  and  iron. 
Tho  shape  of  the  frame  is  so  managed  as  to  form  a  firm  and  sub¬ 
stantial  support  for  the  pendulum,  entirely  unaffected  by  the  striking 
of  the  clock. 

The  whole  arrangement  is  a  great  advance  in  this  particular  de¬ 
partment  of  horology.  Similar  general  principles  are  followed  out 
in  the  construction  of  several  smaller  clocks,  which  are  exhibited  in 
the  gallery  by  the  same  firm.  One  of  them  has  a  peculiar  escape¬ 
ment  in  which  the  rest  and  impulse  surfaces  of  the  pallets  are 
replaced  by  two  rollers  turning  on  pivots.  The  exhibitor  states 
that  a  very  small  power  is  necessary  for  this  clock,  the  friction 
being  changed  from  a  sliding  into  a  rolling  one. 

It  is  due  to  Messrs.  Cooke  &  Sons  to  state  that  the  whole  of  the 
articles  exhibited  by  them  are  entirely  made  at  their  own  factory. 

Another  large  clock  is  exhibited  by  Mr.  Benson  in  the  central 
transept.  The  movement  there  erected  actuates  the  hands  of  a 
dial  placed  outside  the  building  at  a  distance  of  300  feet,  while  the 
weights  are  led  off  by  pulleys  and  ropes  to  a  shaft  at  the  entrance 
corner  of  the  transept.  The  whole  of  the  wheels  of  this  clock  are 
of  gun-metal.  There  is  a  train  remontoir  contrived  by  Dr.  Clark, 
winding  up  a  weight  which  acts  directly  on  a  pulley  fixed  on  the 
arbor  of  the  escape  wheel  by  means  of  a  Huyghen’s  endless  chain, 
the  escapement  itself  is  the  ordinary  dead  beat.  It  will  be  evident 
from  a  little  consideration,  that  a  brass  chain  formed  of  links  running 
over  a  comparatively  small  pulley  must  occasionally  work  in  jerks, 
while  the  wear  of  the  points  of  contact  of  the  links  would  be  con¬ 
siderable,  entailing  still  further  roughness  of  action.  The  clock 
altogether,  however,  is  creditable,  especially  as  a  first  production,  by 
the  maker,  of  so  large  a  size. 

A  conspicuous  feature  in  the  eastern  transept  is  the  adaptation  of 
the  circular  stained  glass  window  to  the  purposes  of  a  clock  dial,  by 
the  firm  which  carries  on  the  business  of  the  late  Mr.  Dent  in  the 
Strand.  An  hour  circle  has  been  arranged  outside  the  circum¬ 
ference  of  the  window,  and  a  set  of  hands,  supported  by  a  skeleton 
frame  from  the  centre,  point  to  the  hour.  The  pattern  of  the  hands  by 
no  means  harmonizes  with  the  general  effect  of  the  window,  and  the 
result  is  certainly  not  pleasing.  The  movement  of  the  clock  exhibits 
no  particular  features  which  call  for  remark.  The  escapement  is 
Denison’s,  and  the  wheels  and  framework  are  all  in  the  material 
advocated  by  Mr.  Dent,  namely,  cast-iron,  and  with  other  specimens 
exhibited  by  the  same  firm,  do  not  show  so  high  a  degree  of  finish 
as  many  other  turret  clocks  in  the  Exhibition. 

A  large  clock  of  good  workmanship  is  also  exhibited  by  M.  Losada, 
having  a  pin  wheel  escapement,  in  which  the  escape  wheel  is  formed 
of  a  disc  having  cylindrical  pins  projecting  from  its  surface  parallel  to 
the  axis.  The  pallets  are  formed  with  angles  of  impulse  and  planes 
of  rest  like  Graham’s,  but  are  generally  separately  placed  upon  the 
axis,  so  as  to  be  adjustable  to  any  angle  to  include  any  number  of 
pins  or  teeth ;  but  more  frequently  being  so  arranged  as  to  act  on 
one  side  of  the  wheel  only  and  to  include  but  one  pin,  which  falls 
from  one  to  the  other  with  very  small  amount  of  drop. 

But  one  or  two  turret  clocks  are  exhibited  by  other  countries,  and 
these  do  not  require  any  special  mention. 

English  horologists  have  long  been  famous  for  their  astronomical 
clocks,  and  in  the  present  Exposition  there  is  no  falling  off  in  this 
department.  In  point  of  price,  as  well  as  workmanship,  the  English 
clockmaker  has  here  the  advantage  of  his  competitors ;  for  it  is 
especially  noteworthy  that  whenever  foreign  exhibitors  have  priced 
their  astronomical  clocks,  that  price  has  been  30  per  cent,  at  least 
above  a  similar  production  in  English  manufacture. 

ASTRONOMICAL  CLOCKS. — These  are  simply  standard  clocks  most 
frequently  used  by  astronomers,  and  especially  contrived  for  them. 
A  similar  clock,  but  kept  at  a  mean  time  rate  instead  of  sidereal 
time,  is  also  used  by  watch  and  clock  makers  for  regulating  their 
time-pieces.  A  good  astronomical  clock  should  be  as  simple  as 


possible  in  construction,  and  all  the  resources  of  practical  science 
should  be  drawn  upon  to  render  its  parts  in  perfect  accordance  with 
theory,  at  the  same  time  that  the  workmanship  is  so  perfect  as  to  be 
free  from  the  defect  of  introducing  otherwise  extraneous  errors. 

Remontoir  or  gravity  escapements  have  been  much  favoured  for 
these  clocks  by  the  theorist,  but  no  perfectly  successful  gravity 
escapement  has  yet  been  introduced.  In  the  first  place,  they 
are  vastly  more  complicated  than  the  exquisitely  simple  dead-beat 
escapement  of  Graham;  and  in  the  next  place,  they  are  often  so 
applied  as  to  introduce  new  errors.  For  instance,  some  specimens 
may  be  seen  in  which  the  impulse  weights  are  applied  at  the  end 
of  long  arms  projecting  laterally  at  right  angles  to  the  rod  of  the 
pendulum,  or  to  the  line  joining  the  point  of  suspension  and  the 
centre  of  gravity.  The  inevitable  result  is  a  tendency  to  cause  the 
pendulum  to  “  wobble,”  introducing  a  whole  host  of  new  errors. 

One  of  the  best  gravity  escapements  is  Denison’s,  alluded  to  above 
as  being  applied  to  some  turret  clocks.  An  escapement  is  shown 
by  Dr.  Clark  which  reminds  one  strongly  of  Denison’s  turned  upside 
down,  and  which  also  resembles  one  some  time  since  described  by 
Mr.  J.  F.  Cole.  The  exhibitor  claims  for  it  absolute  security  from 
tripping,  and  the  advantage  of  needing  no  oil.  In  all  cases,  however, 
simple  inspection  shows  that  a  gravity  escapement  must  be  more 
complicated  than  the  well-known  Graham’s  escapement.  It  must, 
therefore,  be  more  expensive,  and  must  need  finer  workmanship  to 
produce  equal  results.  We  believe  that  no  clock  with  a  gravity 
escapement  has  been  made  to  excel  the  dead-beat,  especially  when 
a  simple  modification  of  the  latter  is  adopted.  A  great  mystery  is 
made  by  some  artists  of  this  very  easy  alteration,  but  we  believe 
that  it  is  much  more  commonly  known  and  practised  than  these 
gentlemen  imagine.  We  may  briefly  state  that  it  is  merely  slightly 
altering  the  concentricity  of  the  planes  of  repose  on  the  pallets.  If, 
for  instance,  the  ordinary  slot  be  cut  for  the  insertion  of  the  jewel 
planes  in  a  pair  of  pallets,  and  those  planes,  previously  polished 
truly  concentric  with  the  verge,  be  inserted  so  as  to  be  the  least 
possible  amount  out  of  truth  in  a  direction  which  if  increased  would 
cause  a  slight  recoil  of  the  escapement,  the  result  will  be  a  greatly 
improved  rate  in  the  performance  of  the  clock.  The  plane  of 
impulse  should  be  corrected  subsequently.  It  is  possible  to  calcu¬ 
late  a  curve  which  would  give  a  more  theoretically  correct  form, 
but  practically  this  will  be  found  unnecessary.  The  alteration 
should  be  so  slight  as  not  to  be  betrayed  by  the  seconds  hand 
without  very  close  observation,  and  if  carefully  performed  will  prove 
most  satisfactory  in  action. 

A  beautifully-executed  astronomical  clock  is  shown  by  Mr. 
Delolme.  It  has  a  gravity  escapement,  the  locking  of  which  is 
effected  on  jewelled  pallets  acting  from  the  same  centre  as  the  lift¬ 
ing  pallets,  thus  preventing  any  drop.  The  impelling  weights  have 
three  ruby  pins  which  rest  upon  a  gold  plate,  thus  preventing  any 
adhesion.  The  pendulum  is  of  the  mercurial  compensation,  and  is 
suspended  on  friction  rollers  without  a  pendulum  spring,  a  kind  of 
suspension  first  proposed  for  turret  clocks  by  the  late  Mr.  Vulliamy. 

The  two  firms  carrying  on  business  under  the  name  of  Dent  also 
exhibit  several  astronomical  clocks.  These  mostly  have  Graham’s 
escapements  with  mercurial  pendulums,  having  the  mercury  con¬ 
tained  in  metallic  jars — a  plan  advocated  by  the  late  Mr.  Dent.  This 
plan  undoubtedly  affords  facilities  in  the  manufacture,  inasmuch 
as  it  is  easy  to  turn  a  cylinder  of  iron  truly,  and  thus  provide  for 
the  equable  rise  and  fall  of  the  mercury  column.  The  methods  of 
attachment  of  a  metallic  jar  are  also  easy  and  sound.  It  is,  how¬ 
ever,  questionable  whether  the  motion  of  mercury  over  a  metallic 
surface  is  quite  as  free  as  over  a  surface  further  removed  from 
chemical  affinity  ;  and  further,  a  pendulum  with  a  metallic  jar  will 
inevitably  feel  an  alteration  of  temperature  sooner  in  the  mercury 
jar  than  in  the  rod,  simply  because  the  former  traverses  through  a 
greater  space,  and  is  brought  more  rapidly  in  contact  with  the  par- 
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tides  of  air,  than  the  latter.  Take  a  thermometer  and  move  it 
rapidly  to  and  fro  in  a  bath  of  water,  and  the  mercury  will  rise 
more  rapidly  and  higher  than  in  one  moved  more  gently. 

An  astronomical  and  standard  clock  is  exhibited  by  Mr.  Hislop, 
which  is  remarkable  for  showing  both  mean  and  sidereal  time,  by  an 
auxiliary  train,  to  a  ratio  as  near  as  f  of  a  second  in  the  year.  The 
auxiliary  train  of  wheels  affords  the  least  possible  incumbrance  to 
the  principal  train,  and  therefore  does  not  interfere  with  the  accuracy 
of  time-keeping,  while  the  arrangement  prevents  the  necessity  of  the 
constant  reduction  of  one  time  to  another  required  by  the  astro¬ 
nomer.  The  auxiliary  arrangement  can  be  applied  to  any  clock, 
to  show  either  sidereal  or  mean  time.  In  that  exhibited  mean  time 
is  shown  on  the  principal  dial,  but  if  made  for  an  astronomer’s  use 
that  dial  would  show  sidereal  time.  The  pendulum  is  similar  to 
those  just  described,  with  the  exception  that  the  mercury  jar  is  of 
glass,  thus  substituting  a  non-conducting  material  for  a  metal,  and 
rendering  it  possible  to  adjust  the  thickness  so  that  the  mercury 
within  shall  be  affected  at  the  same  time  as  the  rod.  The  case 
of  the  clock  is  a  novelty,  having  been  especially  designed  for  the 
purpose. 

Mr.  Charles  Frodsham  exhibits  astronomical  clocks,  which  do  not 
call  for  any  special  remark,  except  that  they  are  finished  with  the 
excellence  which  the  name  of  the  exhibitor  would  lead  the  public 
to  expect. 

In  the  French  exposition  of  these  instruments  the  chief  point  of 
remark  is  the  extreme  lightness  of  the  frames  and  wheels,  compared 
with  the  weight  of  metal  adopted  by  most  of  our  own  makers.  There 
can  be  no  question  that  there  is  good  reason  for  this.  It  is  utterly 
useless  to  increase  the  weight  of  our  clock  movements  to  such  an 
enormous  extent  as  has  been  the  practice.  In  the  train  the  increase 
of  this  weight  is  most  unmechanical  in  principle,  causing  friction  on 
the  pivots  and  want  of  alertness  of  action  in  the  escapement.  The 
pendulum  most  favoured  by  French  makers  is  the  gridiron  construc¬ 
tion,  invented  by  Harrison.  A  few  mercurial  pendulums  are  shown, 
and  several  of  them  have  the  mercury  divided  into  two  jars,  one  on 
either  side  of  the  pendulum  rod,  supported  by  the  old  stirrup  in  an 
enlarged  form. 

One  or  two  astronomical  clocks  are  also  exhibited  by  other  coun¬ 
tries,  but  they  are  mostly  remarkable  for  needless  complication.  A 
very  good  clock  is,  however,  shown  by  Brockling,  Hamburg.  It 
shows  mean  and  sidereal  time  on  two  dials,  and  with  two  trains  of 
wheels  and  but  one  escapement  and  cne  pendulum. 

CHRONOMETERS. — In  the  next  class  of  horological  instruments 
England  also  bears  the  palm.  This  is  to  be  expected  from  the  vast 
extent  of  her  shipping  trade,  and  from  the  consequent  demand  for 
chronometers  which  should  be  reliable  under  the  various  conditions 
of  heat  and  cold  which  apply  to  the  circumstances.  Some  years 
have  now  elapsed  since  a  large  reward  was  offered  by  Government 
for  a  time-keeper  which  should  by  its  close  rate  of  performance  show 
the  mean  time  at  Greenwich,  wherever  it  was  taken,  with  suffi¬ 
cient  accuracy  to  enable  the  longitude  to  be  determined  within  safe 
limits.  As  is  well  known,  Harrison  gained  the  principal  prize, 
smaller  amounts  having  been  awarded  to  Mudge,  Arnold,  Earnshaw, 
and  others,  for  their  successive  improvements.  The  general  form 
of  movement  and  escapement  now  adopted  is  that  known  as  Earn- 
shaws,  but  great  improvements  have  been  made  in  the  proportion 
of  parts,  in  their  general  arrangement,  and  in  the  workmanship.  The 
great  difficulty,  however,  lies  in  the  pendulum  spring,  and  in  the 
balance  to  which  it  is  applied.  The  latter  is  known  as  a  compen¬ 
sation  balance,  from  its  action  in  compensating  for  the  effect  of 
temperature  in  altering  the  rate  of  going.  It  is  as  well  here  just 
to  remark  that  the  effect  of  an  increase  of  heat  is  to  relax  the 
pendulum  spring,  and  thus  cause  the  watch  to  lose,  while  cold  pro¬ 
duces  the  contrary  effect.  The  ordinary  compensation  balance  is 
so  made  that  at  the  same  time  that  the  spring  loses  its  strength  by 


heat,  its  outer  rim,  with  the  weights  borne  upon  it,  is  forced  towards 
the  centre  of  motion,  thus  giving  the  spring  less  work  to  do,  and 
compensating  for  the  defect.  For  a  long  time  this  was  thought  to 
be  sufficient,  but  close  observation  eventually  showed  that  extremes 
of  either  heat  or  cold  would  cause  an  otherwise  well-rated  chrono¬ 
meter  to  lose  upon  its  rate.  This  is  greatly  due  to  the  form  of  the 
balance.  As  seen  by  the  diagram,  Fig.  668,  it  consists  of  two  arcs 
attached  by  one  end  to  a  cross  connecting  bar,  and  having  the  other 
end  free  to  move.  These  arcs  being  composed  of  thin  strips  of  steel 
and  brass,  the  brass  being  outside,  are  so  affected  by  heat  as  to  curve 
inwards,  carrying  the  weights  upon  them  nearer  to  the  centre,  and 
thus  diminishing  the  effective  diameter  of  the  balance  at  the  same 
time  that  the  strength  of  the  spring  is  relaxed.  But  the  centre  of 
gravity  of  these  arcs  or  bows  does  not  approach  or  recede  from  the 
centre  in  a  straight  line.  Excess  of  curvature  would  cause  each 
arc  to  take  a  spiral  form,  and  in  some  positions  the  weight  would 
approach  to  or  recede  from  the  centre  faster  than  in  others.  Hence 
it  is  found  that  as  the  arcs  straighten  outwards,  the  amount  of 
movement  increases  in  a  greater  degree  than  the  spring  becomes 
strengthened,  while  the  contrary  takes  place  in  heat.  The  reason 
will  be  evident  from  the  diagram.  If  we  connect  the  centre  of 
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Ordinary  Compensating  Balance. 


gravity  of  the  compensation  weight  with  the  junction  of  the  arc 
with  the  arm  of  the  balance,  by  the  dotted  line,  d,  we  shall  see  that 
a  decrease  of  temperature  straightening  the  arc  increases  the  length 
of  this  dotted  line ;  the  amount  of  outward  motion  is  therefore 
gradually  increased  as  the  temperature  falls,  and  with  it  the  inertia, 
and  the  chronometer  loses.  The  object  to  be  accomplished  is, 
therefore,  to  cause  the  compensating  weights  to  move  gradually 
slower  with  a  falling  thermometer,  and  gradually  faster  with  arising 
one.  This  most  important  problem  has  engaged  the  attention  of 
many  of  the  exhibitors,  and  the  annexed  engravings  will  show  a 
selection  of  their  contrivances. 

Fig.  669  is  Mr.  M.  F.  Dent’s  balance,  and  simply  consists  of  an 
auxiliary  lamina  outside  the  ordinary  one,  but  with  the  brass  inside 
instead  of  outside.  By  itself  this  would  increase  the  common  defect  of 
a  time-keeper  by  causing  it  to  lose  still  more  in  heat,  but  this  enables 
an  increased  action  to  be  given  to  the  primary  lamina  by  moving 
the  weights  round  to  its  end.  It  will  be  evident  that  Mr.  Dent  thinks 
the  object  is  to  be  accomplished  by  giving  an  increased  power  of 
action  to  the  primary  compensation,  tvithout  “over-compensating” 
the  chronometer. 

A  very  curious  balance  is  shown  by  Mr.  J.  F.  Cole,  in  which 
the  compensation  is  effected  by  the  twisting  and  untwisting  of  two 
spiral  laminae  placed  upon  a  central  stem,  which  is  attached  at  right 
angles  to  the  staff  of  the  balance.  The  end  of  each  of  these  spirals 
is  fixed  to  a  collar  with  two  radial  arms,  to  which  weights  are 
attached,  which  weights  turn  round  the  central  stem  as  the  spiral 
twists  or  untwists.  The  effect  produced  is  that  the  weight  moves 
in  a  path  which  causes  it  practically  to  approach  the  centre  or  axis 
of  the  balance  with  a  gradually  reduced  speed  until  it  reaches  a 
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certain  point;  if  carried  beyond  this  it  would  recede  with  an  increas¬ 
ing  velocity. 

Another  balance,  exhibited  by  Messrs.  Barraud,  has  two  flat 
spiral  laminre  placed  near  the  circumference  of  the  balance,  to  the 
ends  of  which  weights  are  attached.  These  weights  will  move  in 
the  same  way  as  the  last,  but  in  a  more  direct  path,  although  it  is 
doubtful  whether  sufficient  action  is  given  in  the  specimen  exhibited. 

Judging,  however,  from  the  result  of  the  recent  trials  of  chro¬ 
nometers  at  Greenwich  Observatory,  the  most  successful  of  the 
exhibitors  at  the  present  time  is  Mr.  Kullberg,  two  of  whose 
balances  applied  to  two  chronometers  with  different  names  having 
headed  the  list  in  point  of  closeness  of  rate,  and  having  been  pur¬ 
chased  by  the  Government  in  consequence. 

Mr.  Kullberg  bases  his  construction  upon  a  balance  contrived  by 
Mr.  Hartnup,  the  distinguishing  feature  of  which  is  that  the  rim, 


Kullberg1  s  Balances. 


instead  of  being  upright,  is  saucer-shaped,  causing  the  balance  to 
flatten  itself  in  cold.  This  tendency  is  promoted  by  making  the  radial 
bar  compound,  and  increasing  its  action  by  tripling  it  laterally,  so 
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Kullberg’s  Balances. 


that  the  term  gridiron  balance  has  been  erroneously  given  to 
it.  Mr.  Kullberg  states  with  sound  reason  that  a  great  point  in 
a  balance  is  to  have  all  its  parts  stable,  so  that  no  springing  shall 
take  place  during  its  vibration.  A  cursory  glance  at  those  described 
above  will  show  that  this  must  take  place  with  all  of  them,  and 
even  with  the  ordinary  balance,  unless  the  rim  be  very  stiff  indeed. 
He  also  prefers,  for  a  similar  reason,  that  the  parts  should  not  be 
fixed  together  with  screws,  but  as  far  as  possible  should  be  made  of 
one  piece.  The  four  preceding  figures  illustrate  his  principle  of 
construction. 

The  first  (Figs.  G70  and  671)  consists  of  a  centre  bar  and  flat 
circular  rim  formed  of  brass  and  steel  brazed  or  melted  together,  the 
brass  being  uppermost.  This  is  shown  in  perspective  and  in  plan. 

The  second  (Fig.  672)  is  a  balance  on  the  same  principle,  but 
with  double  rims. 

The  third  (Fig.  673)  is  similar  to  the  first,  except  that  the  com¬ 
pensating  weights  are  not  tapped  on  to  uprights,  but  are  adjustable 
upon  upright  arms.  This  last  is  the  form  applied  to  the  two 
chronometers  mentioned  above. 


Chronometers  with  auxiliary  compensation  are  also  exhibited  by 
Mr.  Frodsham — who  appears  to  have  experimented  somewhat  in 
a  similar  direction  to  Mr.  Kullberg — and  by  Messrs.  Blackie,  Crisp, 
Hutton,  Poole,  and  others ;  but  the  niceties  of  auxiliary  compensa¬ 
tion  do  not  yet  seem  to  have  engaged  the  attention  of  our  con¬ 
tinental  friends. 

Marine  chronometers  are,  however,  exhibited  by  several  Swiss 
makers,  and  some  very  creditable  rates  are  given  with  them.  The 
workmanship  of  these  foreign  productions  is  not  equal  to  that  of  their 
smaller  works.  Chronometers  of  smaller  size  for  the  pocket  are 
exhibited  in  great  perfection  by  Messrs.  M‘Lennan,  Frodsham, 
Hutton,  Delolme,  Dent,  and  several  others.  The  refinements  we 
have  described  do  not  appear  to  have  been  applied  to  these  smaller 
instruments :  and  with  one  exception,  a  pocket  chronometer  with 
Hartnup  balance,  by  Mr.  Hutton,  we  are  not  aware  that  any  such 
are  in  the  Exhibition.  On  the  whole,  we  think  that  this  subject  is 
by  no  means  exhausted,  and  that  it  is  possible,  and,  indeed,  easy, 
by  starting  from  a  proper  base,  to  construct  a  balance  which,  with¬ 
out  possessing  unnecessary  or  expensive  auxiliary  actions,  shall  be 
capable  of  being  made  in  small  compass,  and  thus  be  more  uni¬ 
versally  applicable  than  heretofore. 

WATCHES. — We  now  turn  to  watches  per  se.  The  numerous 
constructions  displayed  both  in  England,  France,  and  Switzerland 
would  require  a  volume  for  a  satisfactory  description.  We  can  only 
venture  to  describe  one  or  two  of  the  novelties. 

The  chief  rage  seems  to  be  the  keyless  watch.  This  was  first 
introduced  in  Switzerland,  and  as  applied  to  the  “  going  barrel”  of 
the  Swiss  watch,  is  a  comparatively  simple  affair,  consisting  merely 
of  two  or  three  steel  wheels  actuated  by  a  button,  the  stem  of  which 
passes  through  the  pendant,  and  has  cut  upon  its  end  a  bevelled 
pinion.  The  arbor  of  the  going  barrel  being  stationary,  except 
during  the  winding  of  the  watch,  does  not  necessitate  any  contriv¬ 
ance  for  throwing  the  winding  mechanism  out  of  gear,  and  there 
only  needs  some  arrangement  for  connecting  the  hands  with  the 
wheels  when  it  is  desired  to  set  the  watch  to  time.  When  we  apply 
the  keyless  mechanism  to  a  fusee,  however,  the  case  is  different. 
The  wheel  work  must  now  be  detached,  or  else  it  will  be  dragged 
round  in  the  going  of  the  watch.  We  engrave  three  kinds  of 
keyless  watches  exhibited  by  Messrs.  Walsh,  E.  D.  Johnson,  and 
Kullberg. 

Fig.  674  represents  Mr.  Walsh’s  motion  complete ;  and  Fig.  675 
Fig.  674.  Fig.  675. 


Walsh's  Watch  Motion. 

shows  it  with  the  click  and  ratchet  removed  to  show  a  friction 
spring,  which  throws  the  click  out  of  gear,  and  so  disconnects  the 
winding  mechanism  during  the  going  of  the  watch. 
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Fig.  G7G  is  Mr.  Johnson’s  keyless  motion.  The  act  of  winding 
throws  the  wheels  into  gear,  one  of  them  being  mounted  on  a  rock¬ 
ing-piece.  The  small  wheel  to  the  left  is  pressed  inwards  by  a 
stud  when  it  is  required  to  remove  the  hands. 

Fig.  677  is  Mr.  Kullberg’s.  The  Fig.  677. 

wheels  are  also  here  mounted  on 
a  rocking-bar.  if 

Another  beautiful  series  of  con-  M  JJ 

trivances  is  found  in  the  different 


Fig.  676. 


Johnson’s  Keyless  Motion.  Kullberg’s  Keyless  Motion. 


varieties  of  centre  and  independent  seconds  watches.  In  some  of 
these  a  double  seconds  hand  is  carried,  one  half  of  which  is  stopped 
when  required,  and  starts  into  its  proper  place  when  relieved. 

In  most  cases  this  “split  seconds”  is  only  available  till  the  normal 
seconds  come  round  to  the  same  place  again,  when  both  go  on 
together.  Mr.  Oram,  however,  shows  a  watch  which  has  an  inde¬ 
pendent  “  split  seconds,”  the  secondary  hand  only  ranging  with  the 
lirst  when  the  stop  is  relieved — an  obvious  improvement  Others 
show  a  centre  seconds  hand,  and  an  ordinary  one.  The  former  can 
be  stopped  while  the  watch  goes  on  carrying  the  other  hand  with  it. 

We  engrave  (Fig.  G78)  one  called 
the  “Universal  seconds  watch,”  by 
Mr.  E.  D.  Johnson. 

In  this  watch  there  are  two  fourth 
wheels,  one  in  the  ordinary  position 
and  the  other  in  the  centre  of  the 
frame.  The  former  carries  the 
ordinary  seconds,  and  the  latter 
moves  an  independent  seconds  on 
another  axis,  placed  immediately 
over  it.  The  lower  figures  show  a 
bridge  which  supports  the  ordinary 
hour  wheel  and  a  light  spring,  which 
bears  upon  the  edge  of  a  disc,  carried 
by  the  auxiliary  fourth  wheel.  The 
shifting  of  a  stop  lifts  this  spring, 
and  stops  the  hand. 

Reversible  watches,  that  is, 
watches  the  cases  of  which  can  be 
made  to  show  as  hunters  or  open 
face  watches,  are  shown  by  Messrs. 
G.  Moore  and  others,  and  calendar 
watches  showing  the  day  of  the 
month,  &c.,  by  Messrs.  Wales,  W.  H.  &  S.  Jackson,  and  M‘CuUock. 

An  escapement  for  watches  is  also  exhibited  by  Messrs.  W.  H.  &  S. 
Jackson,  for  which  is  claimed  the  advantages  of  greater  simplicity, 
economy  of  construction,  and  accuracy  of  performance.  It  is  a 
lever  escapement,  and  is  called  by  the  inventor,  Mr.  J.  F.  Cole,  the 
repellent  escapement.  The  fork  of  the  ordinary  lever  escapement 
is  replaced  by  a  wedge-shaped  projection  which  takes  into  a  small 
ruby  roller  on  the  staff  or  axis  of  the  balance.  The  planes  of  rest 


of  the  pallets  are  so  arranged  as  to  cause  the  wedge  to  bear  very 
gently  against  this  roller,  so  that  when  in  the  vibration  of  the  balance 
the  notch  comes  round,  the  wedge  falls  into  it,  and  the  tooth  of  the 
escape-wheel  passing  from  the  plane  of  rest  on  the  pallets  to  the 
plane  of  impulse,  throws  the  wedge  forward,  and  gives  the  necessary 
impetus  to  the  roller  and  balance.  One  great  advantage  of  this 
escapement  is,  that  when  the  vibration  of  the  balance  is  accelerated 
by  external  motion,  the  notch  will  pass  the  wedge  up  to  any  number 
of  revolutions,  without  injury,  while,  in  the  ordinary  lever  escapement, 
with  banking  or  restraining  pins,  something  must  give  way.  When 
we  enter  the  Swiss  and  French  departments  we  find  an  endless 
variety  of  curious  contrivances  in  escapements,  one  of  the  most 
remarkable  of  which  is  the  Tourbillon,  in  which  the  whole  of  the 
escapement  including  the  balance  is  pivoted  into  a  small  frame, 
which  itself  revolves  around  the  centre  of  the  balance,  thus  bring¬ 
ing  the  escapement  into  all  possible  positions  in  the  course  of  a  few 
seconds.  The  advantage  claimed  is,  that  adjustment  for  position 
is  unnecessary.  Repeaters,  in  which  Switzerland  has  ever  excelled, 
are  there  in  great  perfection,  and  also  a  few  by  naturalized  Swiss  in 
the  English  Court. 

We  must  not  omit  two  contrivances  for  which  considerable  merit 
is  claimed  by  their  exhibitors.  One  is  the  duo-uno  spring  of  Mr. 
M‘Lennan.  This  is  a  combination  of  the  cylindrical  with  the  flat 
spiral  balance-spring,  and  is  said  to  possess  the  valuable  property 
of  isochronism  or  equal  vibrations  in  a  remarkable  way.  The  other 
one,  or  rather  series,  is  by  Mr.  J.  F.  Cole,  and  exhibits  his  marvel¬ 
lous  power  of  conception  and  execution  in  a  very  striking  manner. 
On  his  stand  are  seen  two  pendulums,  curiously  suspended.  These 
pendulums  are  of  that  kind  in  which  the  rod  is  prolonged  upwards 
above  the  suspension,  and  has  a  small  weight  attached  at  the  top. 
The  exhibitor  argues  that  he  has  thus  a  perfect  metallic  compensa¬ 
tion,  for  if  in  this  particular  form  the  lower  ball  be  lowered  the 
pendulum  will  gain,  so  that  heat  would  cause  it  to  gain,  but  at  the 
same  time  the  upper  stem  becomes  elongated  in  the  opposite  direc¬ 
tion,  thus  compensating  for  the  effect  on  the  lower  ball.  The 
amount  of  this  compensation  is  entirely  under  control  by  the  simple 
expedient  of  shifting  the  upper  ball  up  or  down.  In  order  to  sus¬ 
pend  these  pendulums  conveniently,  and  at  the  same  time  to  obviate 
a  defect  which  this  form  of  pendulum  possesses,  namely,  that  of 
vibrating  much  slower  in  long  than  in  short  vibrations,  Mr.  Cole 
has  adopted  a  plan  which  reminds  us  strongly  of  Huyghen’s  cycloidal 
checks.  The  accompanying  diagram  (Fig.  679)  shows  the  form. 

Two  springs  are  fastened  firmly 
to  a  plate  in  such  a  manner,  that 
their  two  upper  ends  press  upon  each 
other  so  as  to  present  the  appearance 
of  the  outline  of  a  cone  with  hollow 
sides.  The  rod  of  the  pendulum  being 
passed  through  the  plate  is  brought 
between  the  springs,  and  secured 
there.  When  the  weights  are  added, 
the  pendulum  is  suspended  between 
the  two  springs,  so  that  when  vibrating 
the  strain  comes  alternately  on  each, 
the  long  vibrations  being  quickened. 

Another  suspension  is  simply  a  spring 
Stretched  in  a  horizontal  diiection,  and  Cole’s  Pendulum  Suspender, 
embraced  by  two  jaws  at  the  upper 

part  of  tne  pendulum  rod,  to  the  top  one  of  which  the  upper  stem 
is  fixed.  These  jaws  being  carefully  polished  into  a  cycloidal 
curve  at  the  part  where  they  impinge  upon  the  spring,  neces¬ 
sarily  press  more  hardly  upon  it  at  the  extremity  of  a  vibration, 
and  the  more  the  longer  it  is.  Hence  the  long  vibrations  are 
quickened. 

TOOLS  AITD  MATERIALS. — We  now  turn  to  a  brief  consideration 


Fig.  678. 


ELJuD 


Johnson’s  “Universal  Seconds 
Watch.” 


Fig.  G79. 
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of  tools  and  materials.  In  the  British  department  the  display  is 
very  meagre ;  in  fact,  in  point  of  tools  the  English  watchmaker  uses 
little  else  but  files  and  gravers.  A  good  lathe  is  a  rarity  amongst 
them,  and  very  few  indeed  have  taken  any  pains  to  make  use  of  the 
hints  which  might  be  afforded  by  our  euginemen  and  machinists. 
Somo  twenty-three  exhibitors  own  one  case  in  common,  in  which 
specimens  in  the  rough  of  watch  and  chronometer  movements  are 
shown,  very  good  in  themselves,  but  hardly  calling  for  further  remark 
in  a  record  like  the  present.  The  tools  are  files,  pliers,  nippers,  and  a 
few  simple  guages.  These  are  all  good  in  their  kind,  but  there  is  not 
a  single  engine  for  cutting  wheels  shown,  except  one  for  wheels  of  a 
large  kind,  by  Messrs.  Cooke  &  Sons  of  York,  in  the  nave.  This,  which 
will  cut  wheels  from  4  feet  down  to  1  inch,  is  a  beautiful  instrument, 
and,  like  the  rest  of  Messrs.  Cooke’s  work,  highly  to  be  commended. 

In  the  Swiss  department  a  variety  of  tools  are  shown.  Their 
simple  tools,  such  as  files,  are  excellent,  and  their  lathes,  mandrels, 
and  wheel-cutting  engines  remarkable  for  their  exquisite  finish.  If 
they  could  but  combine  the  solidity  of  the  English  engines  with 
their  minute  elaboration,  their  machines  for  horology  would  be  per¬ 
fect.  Guages  too  are  shown  by  them  in  variety,  and  these  instru¬ 
ments  form  an  important  element  in  their  manufacture.  They 
employ  a  system  of  measurement  by  which  all  the  parts  of  their 
work  are  made  and  sold;  while  English  horologists  have  no  common 
rule,  and  therefore  entail  upon  themselves  endless  and  ceaseless 
labour. 

Some  very  excellent  specimens  of  jewel  holes  for  watches  and 
chronometers  are  exhibited  in  the  English  court  by  Messrs.  Brooks 
&  Holdsworth,  the  former  of  whom  has  taken  great  pains  to  reduce 
his  manufacture  to  a  system  of  sizes;  but  he,  in  common  with  others, 
labours  under  the  great  discouragement  of  being  compelled  to  employ 
an  arbitrary  scale  which  is  not  recognized  universally  in  the  trade. 
Some  watch  jewelling  is  also  exhibited  in  France  and  Switzerland; 
but  both  for  extent  of  collection,  for  excellence  of  workmanship,  and 
completeness  of  adaptation,  the  foreign  display  of  watch  jewellery 
falls  far  short  of  that  exhibited  by  its  two  English  representatives. 

Mr.  Brooks  has  elaborated  his  system  for  the  especial  purpose  of 
facilitating  the  repairs  of  watches  at  a  distance  from  the  seat  of 
manufacture.  He  furnishes  cases  containing  assortments  of  jewel 
holes,  with  guages  for  internal  diameter  carefully  graduated,  so  that 
after  simple  measurement  a  jewel  hole  may  at  once  be  found  and 
fitted  with  the  greatest  accuracy.  If  space  permitted,  it  would  be 
an  interesting  subject  to  trace  the  manufacture  of  the  wedge  ruby 
chrysolite  or  diamond  by  means  of  diamond  powder  into  the  exqui¬ 
site  little  contrivance  for  preventing  friction  and  wear,  known  as  a 
watch  jewel. 


5.— BELLS, 

By  the  Rev.  Professor  Haugiiton,  F.R.S. 

HE  bells  of  the  present  Exhibition  show 
no  real  progress  in  the  art  of  bell¬ 
founding  since  the  Exhibition  of  1851. 
With  the  single  exception  of  cast 
steel  bells,  which  are  very  questionable 
in  tone,  there  is  no  novelty  of  any 
kind  exhibited.  We  have  added 
literally  nothing  to  the  knowledge  of 
our  ancestors  on  the  subject  of  bell¬ 
founding.  They  were  accustomed  to 
vary  the  softness  of  the  tone  by  the 
addition  of  more  or  less  copper,  and  used  different  proportions  for 
different  purposes.  The  following  analyses  of  English  and  French 


bells  of  much  repute,  give  a  correct  idea  of  the  composition  of  the 
ancient  bells : — 


ENGLISH  (GOOD  BELLS). — THOMSON. 


Copper,  ..........  80-0 

Tin, . 10-1 

Zinc,  ..........  5-6 

Lead, . 4-3 


Copper,  . 
Tin, 

Zinc, 

Lead, 


Copper, 

Tin, 

Iron, 


100-0 

ROUEN  BELLS. — CIHAllDIN. 

. 72-0 

. 26-0 

. 1-8 

.  .  1-2 

100-0 

PARIS  DELLS _ BERTIIIER. 

. 72-9 

. 20-50 

. 1-44 


100-0 

The  highly  prized  hour  bells  of  Switzerland  contain — 


Copper, . 75-0 

Tin,  .  . 25-0 


100-0 

This  mixture  rings  clear  and  loud. 

Mr.  Denison  recommends,  on  theoretical  grounds,  the  adoption 
of  the  proportion — 

Copper, . 70-5 

■Tin, . 23-5 

100-0 

which  corresponds  with  the  chemical  composition  of  G  atoms  of 
copper  to  1  atom  of  tin. 

The  attempt  to  substitute  Cast-steel  bells  for  Bronze  will,  -we 
believe,  prove  to  be  a  mistake,  for  a  cast-steel  bell  has  a  definite 
elasticity,  and  therefore  gives  out  a  definite  quality  of  tone  some¬ 
what  superior,  indeed,  to  that  of  a  cast-iron  pot,  but  vastly  inferior 
to  the  sweet  soft  tone  emitted  by  a  well-proportioned  bronze  bell. 

In  the  Machinery  court  is  exhibited  by  the  Bochum  Mining  and 
Cast-steel  Manufacturing  Association,  a  cast-steel  bell,  weighing 
upwards  of  10  tons.  It  is  well  worthy  of  exhibition  as  a  marvel  of 
art  in  the  casting  of  steel,  but  in  tone  is  only  suited  for  a  fog  bell  to 
warn  ships  from  a  dangerous  shoal. 

The  many  difficulties  to  be  overcome  in  producing  perfect  cast¬ 
ings  from  cast-steel  are  sufficiently  shown  by  the  fact,  that  even  in 
the  year  1855  the  genuineness  of  the  material  of  the  cast-steel  bells 
sent  by  the  Bochum  Mining  and  Cast-steel  Manufacturing  Associa¬ 
tion  to  the  Paris  Industrial  Exhibition,  was  doubted,  even  by  gentle¬ 
men  engaged  in  the  steel  trade,  and  these  doubts  were  only  dispelled, 
and  that  in  the  most  conclusive  manner,  by  breaking  one  of  the 
cast-steel  bells  in  the  presence  of  the  jury,  and  having  some  of  the 
pieces  forged  and  tempered,  which  clearly  exhibited  all  the  proper¬ 
ties  of  cast-steel. 

The  application  of  cast-steel  bells  to  church  chimes,  which  at 
first  met  with  much  opposition,  has  gradually  become  more  and 
more  extended,  as  they  distinguish  themselves  in  the  most  advan¬ 
tageous  manner  by  their  durability,  cheapness,  and  for  sounding 
tone.  Up  to  the  present  time  more  than  400  parishes  have  obtained 
them  bells  from  Bochum ;  and  many  testimonials  from  all  quarters 
bear  witness  to  the  high  estimation  in  which  they  are  held.  In 
addition  to  this,  the  cast-steel  bells  have  been  also  introduced 
into  the  industrial  world  in  the  most  extensive  manner,  for  signal 
bells  on  railways,  steamboats,  mining  works,  &c.  The  largest  cast- 
steel  bell  at  present  in  existence,  and  indeed  the  largest  casting  in 
steel  produced  up  to  the  present  time,  is  the  bell  now  in  the 
Machinery  Court,  which  weighs  about  10  tons  (22,500  lbs.). 
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Messrs.  Naylor,  Vickers,  &  Company,  of  Sheffield,  also  exhibit 
some  good  specimens  of  cast-steel  bells.  According  to  their  state¬ 
ment,  the  following  table  contains  the  weight  and  dimensions  of 


cast-steel  bells  which  give  a  certain  note.  It  may  be  compared 
witlr  the  table  for  the  best  bronze  bells,  which  we  shall  give  further 
on 


LIST  OF  THE  WEIGHT,  DIAMETER,  AND  KEY  OF  CAST  STEEL  BELLS. 


DIAMETER. 

WEIGHT. 

KEY. 

DIAMETER. 

WEIGHT. 

KEY. 

DIAMETER. 

WEIGHT. 

KEY. 

Inches. 

18 

Lbs. 

90 

Db  to  Gb 

Inches. 

40 

Lbs. 

980 

G$  toB 

Inches. 

60 

Lbs. 

2850 

c 

to  D# 

21 

150 

B  to  E 

42 

1120 

G  to  A$ 

62 

3100 

c 

toD# 

24 

220 

F#  to  B 

44 

1310 

F$  to  A 

64 

3300 

B 

toC# 

2G 

310 

F  to  A 

40 

1430 

F  to  G# 

66 

3500 

B 

to  Db 

28 

400 

DftoF# 

48 

1G00 

E  to  Gr 

68 

3900 

B 

to  C 

30 

480 

C$to  E 

50 

1800 

E  to  F$ 

70 

4300 

Bb 

to  C 

32 

540 

c  toD|j: 

52 

2080 

H  toFS 

72 

4900 

Bb 

to  C 

34 

GG0 

B  to  D 

54 

2200 

D  to  F 

74 

5550 

A 

to  C 

3G 

740 

A$  to  D 

50 

2400 

D  to  E 

90 

9740 

Ab 

to  A 

38 

870 

A  toC# 

58 

2  GOO 

S3 

o 

4V 

O 

102 

15G00 

E 

to  Gb 

TONE,  LOUDNESS,  AND  NOTES  OP  BELLS.— We  must  consider 
in  a  bell  three  distinct  qualities,  its  tone,  loudness,  and  note. 

1.  Tone  of  a  Bell. — The  tone  of  a  bell  depends  upon  its  com¬ 
position  and  shape.  Some  bells  are  sweet  and  soft,  others  are 
panny.  To  the  latter  class  we  feel  compelled  to  relegate  the  cast- 
steel  bells.  Musical  ears  are  not  well  qualified  to  judge  of  the  tone 
of  a  bell — they  are  so  intent  upon  its  note,  or  pitch,  that  they  give 
little  attention  to  a  quality  which  pleases  the  vulgar  ear.  The 
ancients  paid  much  attention  to  the  tone  of  bells,  and  it  must  be 
confessed  that  they  excelled  the  moderns  in  the  sweetness  and  soft¬ 
ness  of  their  bells.  If  the  mewing  of  cats,  or  the  notes  of  a  bagpipe, 
could  be  got  to  keep  proper  time  and  had  the  proper  pitch,  we 
verily  believe  that  amateurs  in  music  would  consider  such  sounds 
to  be  fully  equal  to  a  concert  of  fiddles — the  musical  ear  regarding 
much  the  time  and  notes,  and  but  little  the  quality  of  the  tones. 
The  tone  of  a  bell  is  softened  by  increasing  the  quantity  of  copper, 
and  on  the  other  band  too  much  tin  reduces  it  to  the  level  of  the 
cast-steel  bell,  making  it  harsh  and  panny.  It  is  said,  and  we  be¬ 
lieve  it  to  be  true,  that  the  addition  of  a  little  zinc  gives  clearness 
and  brilliancy  to  the  tone. 

Antimony  is  found  in  some  of  the  old  bells  in  such  quantity  as 
precludes  the  supposition  of  its  having  been  introduced  by  mistake. 
It  is  doubtful  whether  it  improves  the  tone. 

Small  quantities  of  iron,  lead,  sulphur,  and  arsenic  are  found,  but 
are  evidently  impurities,  derived  from  the  pyrites  and  galena  that 
often  accompany  copper  ores,  and  from  the  arseniurets  so  frequently 
found  associated  with  tin-stone.  To  the  small  extent  to  which 
these  impurities  are  found,  they  do  not  appear  to  have  much 
influence  on  the  tone,  though  it  is  difficult  to  suppose  that  they  can 
improve  it. 

The  distribution  of  the  metal  in  a  bell,  as  well  as  its  composition, 
has  much  influence  on  its  tone,  and  any  malproportion  of  the  different 
parts  of  a  bell  is  felt  at  once  in  its  injured  tone  ;  and  one  of  the  most 
objectionable  modern  innovations  consists  in  the  diminished  quantity 
of  metal  in  the  crown. 

We  subjoin  a  section  (Fig.  G80)  drawn  to  scale,  of  the  most 
approved  form  of  bell,  any  serious  deviation  from  which  is  found  to 
be  accompanied  with  a  deterioration  in  its  tone. 


Fig.  680. 


In  this  figure  the  unit  measure  is  the  thickness  of  the  bell  at  g 
the  “  sound  boio"  or  a  lerantzring The  diameter  of  the  bell  is  15, 
and  the  semidiameter,  ac,  is  74.  The  height  of  the  bell,  al,  is  12. 
The  bell  is  thus  drawn : — Bisect  ac  in  l,  and  draw  bd  perpendicular 
to  ac  to  meet  a l  in¬ 
flected  upon  it  equal  to 
12.  With  1^-  radius, 
draw  the  circle  li  g  4  ; 
bisect  the  arc  h  4  in  g, 
then  a  g  is  the  first  por¬ 
tion  of  the  inner  curve 
of  the  bell.  At  the 
point  6,  raise  G  h  per¬ 
pendicular  to  a  l,  to 
meet  b  d  in  k  (the  lino 
G  7c  is  equal  to  2),  mea¬ 
sure  off  on  this  perpen¬ 
dicular  6  i  —  1$  ;  the 
point  i  is  situated  on 
the  outer  surface  of  the 
bell.  The  outer  surface 
is  now  drawn  from  $  to 
i,  with  a  radius  =  8  ; 
and  from  i  to  1 2,  with 
a  radius  :=  30.  The 
inner  surface  of  the  bell 
is  drawn  by  making  the 
bell  equal  to  4  in  thick¬ 
ness  at  the  point  i, 
drawing  the  lower  por¬ 
tion  with  a  radius=  12, 
and  the  upper  portion 
with  a  radius  =  30$. 

The  bell,  at  the  top,  must  have  a  thickness  of  f ,  and  is  struck  out 
from  the  centre  f  found  by  inflecting  a  f—  8  on  the  perpendi¬ 
cular,  c  e. 

The  table  which  will  be  given  in  the  section  on  the  notes,  is  cal¬ 
culated  for  theoretically  perfect  bells  of  this  shape. 


Section  of  the  most  approved  form  of  Bell. 
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2.  Loudness  of  a  Bell. — The  loudness  of  the  tone  of  a  bell 
depends,  like  the  quality  of  the  tone,  partly  on  the  composition  and 
partly  on  the  shape  of  the  bell,  and  also,  of  course,  on  the  weight 
and  velocity  of  the  hammer  striking  it.  In  order  to  produce  the 
maximum  of  effect  in  giving  an  impulse  to  the  surrounding  air,  the 


Fig.  681. 


shape  of  the  bell  must  be  such  as  will  cause  the  air  inside  it  to  vibrate 
in  unison.  If  the  bell  be  too  flat,  as  in  Fig.  681,  it  expels  the  included 
air  with  an  unpleasing  jerk,  producing  a  loud,  disagreeable,  boister¬ 
ous  sound.  If  the  bell  be  too  long  in  proportion  to  its  width,  the 
air  is  set  in  motion  like  the  air  included  in  an  organ  pipe,  and  the 


In  addition  to  its  fundamental  note,  the  bell,  like  every  other 
musical  instrument,  gives  out  notes  related  to  the  fundamental 
note.  It  is  commonly  said  that  a  good  bell  should  give  three  notes, 
one  when  struck  at  the  bottom,  one  in  the  middle,  and  the  third  when 
struck  at  the  top ;  and  these  different  notes  are  attributed  to  the 
vibrations  of  the  different  rings  of  bell-metal  corresponding  to  those 
three  points.  This  explanation  is  erroneous,  for  the  bell  divides 
itself  into  vibrating  lunes  by  meridional  nodes,  and  not  by  circular 
nodes.  If  the  bell  be  wetted,  and  then  covered  by  sand,  and  struck 
cautiously,  so  as  to  bring  out  only  the  fundamental  note,  four  lines 
of  sand  will  remain,  marking  out  as  nodes,  four  quadrantal  meridians 
on  the  bell,  as  is  shown  in  the  accompanying  engraving  (Fig.  684). 

Of  the  four  quadrantal  lines  into  which  the  bell  is  thus  divided — 
two  of  them,  a  b  and  dc,  are  always  in  a  phase  of  vibration  opposite 
to  that  of  the  other  two,  a  d  and  b  c,  and  the  nodal  meridians,  doc 
and  dob,  will  remain  constantly  at  rest  during  the  vibration  of  the 
bell. 

This  quadrantal  mode  of  vibration  sets  in  motion  the  largest 
masses  of  the  bell,  which  can  vibrate  together,  and  therefore  cor¬ 
responds  to  the  fundamental  note,  as  that  vibration  is  the  slowest 
which  corresponds  to  the  heaviest  mass  in  motion. 

The  secondary  notes  are  produced  by  the  bell  dividing  itself  by 
meridional  modes  into  6,  8,  10,  12,  &c.  portions;  and  its  vibra¬ 
tions  for  each  of  these  divisions  are  proportional  to  the  squares  of 


Fig.  682. 


Chinese  Bell. 


bell  is  not  well  heard  in  a  horizontal  direction.  This  is  the  great 
defect  of  the  Chinese  bells,  which  are  formed  on  the  model  of  some 
of  the  Campanulacese,  or  similar  monopetalous  plants.  In  a  lesser 
degree  the  famous  bells  of  Russia  have  the  same  defect. 

Fig.  682  represents  a  bell  of  the  campanula  type,  so  common 
in  the  East  and  in  Africa,  the  best  illustration  of  which  may  be 
seen  in  the  Chinese  bell  presented  by  the  Queen  to  the  British 
Museum. 

In  Fig.  683  we  have  represented  an  approximation  to  the  best 
shape,  both  for  loudness  and  tone  ;  on  comparing  it  with  drawings 
of  the  famous  Rolokols  of  Moscow  the  greater  height  of  the  Russian 
bells  is  evident. 

4.  The  Notes  of  Bells. — The  note  of  a  bell  depends  on  the  number 
of  vibrations  it  makes  in  a  given  time,  and  therefore  the  more  elastic 
the  material  is  of  which  the  bell  is  composed,  the  more  rapidly  it 
will  vibrate,  and  the  higher  will  be  its  note. 

3  u 


these  numbers.  The  notes  of  a  bell  are  therefore  determined  by 
the  squares  of  the  numbers — 

4,  6,  8,  10,  12,  &c. 

Or  of  the  natural  numbers — 

2,  3,  4,  5,  6,  &c. 

Fundamental  note,  .  4  .  1 

First  secondary,  .  9  2£ 

Second  secondary,  . 16  .  4 

Third  secondary,  . 25  6£ 

The  number  of  vibrations  in  the  notes  of  the  gamut  are,  in  de¬ 
scending  order — 

Ut  Si  La  Sol  Fa  Mi  Re  Ut 

2  i  i  a  *  f  i  1 
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According  to  the  old  hymn  in  honour  of  St.  John — 

Ut  queant  laxis  resonare  fibris 
M its.  gestorum_/amuli  tuorum 
Solve  polluti  fabii  reatum, 

Sancte  Johannes. 

The  secondary  notes  of  a  bell  are,  therefore — 

First  secondary,  =  2j  =  Octave  plus  note  above  fundamental. 

Second  secondary,  =  4  =  Double  octave  do.  do. 

Third  secondary,  —  =  Two  octaves  and  a  fourth  nearly. 

If,  therefore,  the  fundamental  note  be  ut,  the  secondaries  will  be 
re1,  ut *,  and  a  note  between  sol 2  and  la2,  which  are  6  and  6|  respec¬ 
tively.  It  is,  therefore,  evident,  that  the  first  and  third  secondary 
notes  of  a  bell  are  anything  but  harmonies  ;  and  it  is  fortunate  that 
they  are  seldom  heard  by  any  person  except  the  bell-ringers.  Some 
bells  are,  however,  unfortunate  enough  to  emit  these  discordant 
sounds  at  every  stroke. 

It  is  found  that  the  number  of  vibrations  made  by  a  bell,  in 
giving  out  its  fundamental  tone,  varies  as 

J! 

IT 

where  T  denotes  the  thickness  of  the  bell,  and  D  its  diameter ;  and 
since,  in  Fig.  680,  all  the  linear  dimensions  are  similar,  the  number 
of  vibrations  will  vary  as  its  linear  dimensions  simply,  or  as  the  cube 
root  of  its  weight. 

The  weights  of  an  octave  peal  of  bells  must  therefore  vary  as  the 
cubes  of  the  numbers  denoting  the  vibrations  of  the  notes  of  the 
gamut — 


Ut 

Re 

Mi 

Fa 

Sol 

La 

Si 

ut 

(l)3 

(I)5 

(!)’ 

(f)S 

(§)3 

(I)’ 

(D3 

(i)3 

ut 

Re 

Mi 

Fa 

Sol 

La 

Si 

ut 

100 

70-23 

51-20 

42-20 

29-63 

21-60 

15-18 

12-50 

It  is 

found  that  a  well-made  bronze  bell,  weighing  640  lbs.,  and 

having  a  diameter  of  32  inches,  rings  out  the  note  C.  C. 


The  following  is  the  table  we  have  alluded  to  : — 


TABLE  SHOWING  NOTES.  DIMENSIONS,  AND  WEIGHTS  OF 
BRONZE  BELLS. 


Note. 

Diameter 
of  Bell. 

Thickness 
of  Ring. 

Weight 
of  Bell. 

Weight  of 
Clapper. 

Diam.  of 
Clapper. 

Two  Octaves 
below. 

^4=== 

I.  c, 
D] 

III.  E  j 
Fi 
V.  Gj 

Al 

Bi 

Inches. 

128-0 

113-8 

102-4 

96-0 

85-3 

76-8 

63-3 

Inches. 

8-53 

7-58 

6-83 

6-40 

5  69 
5-12 
4-55 

Pounds. 

40960 

28767 

20971 

17280 

12136 

8847 

6214 

Pounds. 

1029 

725 

529 

437 

308 

226 

161 

Inches. 

14-2 

12-6 

11-4 

10-7 

9-5 

8-5 

7-6 

One  Octave 

VIII.  c2 

640 

4-27 

5120 

133 

7-1 

below. 

D-2 

56-9 

3-79 

3596 

95 

6-3 

E  2 

51-2 

3-41 

2621 

70 

5-7 

F„ 

48-0 

3-20 

2160 

59 

5-3 

XII.  Go 

42-7 

2-84 

1517 

43 

4-7 

A2 

38-4 

2-56 

1106 

33 

4-3 

B2 

34-1 

2-28 

777 

24-5 

3-8 

XV.  C3 

32-0 

2-13 

640 

21 

3-5 

^4=== 

d3 

28-4 

1-90 

450 

16-25 

3-2 

e3 

25-6 

1-71 

327 

13 

2-8 

f3 

24-0 

1-60 

270 

12 

2-7 

g3 

21-3 

1-42 

189 

9-75 

2-4 

A3 

19-2 

1-28 

138 

8-5 

2-1 

B3 

17  0 

1-14 

97 

5 

1-9 

C4 

160 

1-07 

80 

4-5 

1-8 

■w—  n — 

distinctly. 


From  this  fact,  combined  with  the  following  equations,  the 
subjoined  useful  table  has  been  calculated: — 

Let  W,  w,  and  D,  d,  denote  the  weights  and  diameters  of  two 
similar  bells, 

D3  640 

W  =  ^X-3=^XD3  =  0-01953  D3. 

Hence, 

D-\/X 

V  0-01953 

The  thickness  of  the  bell  at  the  sound  bow  is  proportional  to  the 
diameter,  and  is  given  by  the  equation, 


T  = 


W 

65-91375' 


We  shall  conclude  what  we  have  to  say  on  the  subject  of  bells 
by  giving  the  weights  and  dimensions  of  some  of  the  most  famous 


bells:— 


Names. 

Weight. 

Diam. 

Height. 

Clapper. 

Note. 

1.  Big  John,  Moscow, . 

Lbs. 

144,000 

In. 

216 

Ft.  In. 
21  0 

Lbs. 

4200 

2.  Tzar  Kolokof  Bolschoi, 
Empress  Anna,  the 
largest  bell  in  the 
world,  .... 

400,000 

269£ 

21  4J 

6  ft.  in 

3.  Notre  Dame,  Paris, . 

32,000 

Thickness 
«=  25  in. 

96 

8  0 

enceof  ball 

976 

4.  St.  Stephan’s,  Vienna, 

39,648 

118 

5.  St.  Paul’s,  London, 

11,648 

81i 

... 

180 

A&G# 

6.  Big  Tom,  Lincoln,  .  . 

12,096 

82* 

150 

A 
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6-MUSICAL  INSTRUMENTS. 

By  Edward  F.  Rimbault,  LL.D.,  F.S.A.,  &c. 

TORE  has  established  many  diversified 
gradations  and  qualities  of  voice  ;  and 
art  has  gone  much  farther  in  the  fab¬ 
rication  of  instruments,  which  were 
originally  constructed  in  imitation  of  the 
voice.  Sound ,  as  we  know,  is  only  the 
vibration  of  a  sonorous  body,  communi¬ 
cated  and  modified  by  the  air.  But 
what  a  variety  in  these  modifications. 
What  a  difference  between  the  nature 
of  the  sound  of  a  bell  and  that  of  instru¬ 
ments  in  which  the  sound  is  produced  by 
the  breath,  by  keys,  by  the  friction  of  a  bow,  or  by  snapping  a  string, 
and  in  each  of  these  grand  divisions,  how  numerous  are  the  shades 
of  difference  in  the  quality  of  the  sounds.  Still  all  is  not  done,  and 
every  day  new  discoveries  and  new  improvements  open  new  paths, 
where  further  discoveries  remain  to  be  made,  and  new  improve¬ 
ments  to  be  introduced. 

THE  ORGAN  is  the  largest,  the  most  majestic,  the  richest  in  the 
variety  of  its  effects,  and  the  finest  of  all  wind  instruments.  It  has 
been  said  that  it  is  a  machine  rather  than  an  instrument,  and  this 
may  be  true ;  but  however  it  may  be  described,  it  is  not  the  less 
certain  that  it  is  one  of  the  noblest  inventions  of  the  human  mind. 

Some  passages  to  be  found  in  the  writers  of  antiquity,  and  parti¬ 
cularly  in  Vitruvius,  have  put  the  commentators  to  the  torture  to 
discover  what  those  writers  understood  by  the  hydraulic  organ,  the 
invention  of  which  they  attribute  to  Ctesibus,  a  mathematician  of 
Alexandria,  who  lived  in  the  time  of  Ptolemy  Euergetes  (b.C.  200). 
All  that  the  commentators  have  said  only  serves  to  prove  that  they 
were  completely  ignorant  of  the  subject  in  question.  In  all  pro¬ 
bability  we  shall  never  know  precisely  what  was  the  mechanism  of 
this  hydraulic  instrument.  As  to  the  •pneumatic  organ,  namely, 
that  which  is  put  into  vibration  by  the  action  of  the  air,  which  is 
also  said  to  have  been  known  to  the  ancients  without  any  better 
evidence  than  some  obscure  passages  in  their  poets,  it  is  probable 
that  it  was  nothing  more  than  the  rustic  cornemuse  or  bagpipe. 

The  most  ancient  organ  of  which  mention  is  made  in  history  is 
that  which  the  Emperor  Constantine  Copronymus  sent,  in  the  year 
757,  to  Pepin,  the  father  of  Charlemagne.  It  was  very  small  and 
portable,  like  that  which  was  constructed  by  an  Arab  named  Giafar, 
and  which  was  sent  to  Charlemagne  by  the  caliph  of  Bagdad.  A 
Venetian  priest,  named  Gregory,  appears  to  have  been  the  first  who 
attempted  the  building  of  organs  in  Europe.  In  826,  he  was  em¬ 
ployed  by  Louis  the  Pious  to  make  one  for  the  church  of  Aix-la- 
Chapelle.  The  state  of  organ  building  in  the  eleventh  century  may 
be  learnt  from  the  curious  treatise  left  us  by  the  monk  Theopliilus, 
printed  with  an  English  translation  in  Rimbault  and  Hopkins’ 

“  History  of  the  Organ,”  to  which  work  we  must  refer  our  readers 
for  further  particulars  respecting  the  progress  of  the  instrument. 

The  organ  is  composed  of  several  ranges  of  pipes,  some  of  which 
are  of  wood,  and  others  of  a  mixture  of  tin  and  lead.  They  all 
have  open  mouths,  like  the  flute  played  at  the  end,  and  some  have 
in  their  mouthpiece  tongues  of  brass  or  reeds.  These  pipes  are  placed 
upright  upon  the  end  in  which  their  mouthpiece  is,  in  holes  which 
are  made  in  the  upper  part  of  certain  wooden  boxes  called  wind- 
chests.  Large  bellows  distribute  the  wind  into  tubes,  which  com¬ 
municate  with  the  interior  of  the  wind-chests.  To  each  range  of 
pipes  is  attached  a  plate  or  rod  of  wood,  which  is  pierced  with  holes 
at  distances  equal  to  those  of  the  wind-chests.  This  plate  or  rod  is 
called  the  register.  It  is  arranged  in  such  a  manner  as  to  move 


easily  when  it  is  drawn  out  or  pushed  in  by  the  organist.  If  the 
register  is  pushed  in,  its  holes  do  not  correspond  to  those  of  the 
wind-chest,  in  which  the  pipes  are  placed,  and  consequently  the 
wind  cannot  enter  into  the  pipes ;  but  if  it  is  drawn  out  the  holes 
will  perfectly  correspond,  and  the  air  may  be  admitted  into  the  pipes. 
Then  as  the  organist  places  his  finger  upon  a  key,  the  latter,  as  it 
sinks  down,  draws  a  little  rod,  which  opens  a  valve  corresponding 
to  the  hole  in  the  register,  the  wind  enters,  and  the  pipe  of  the  note 
gives  the  sound  which  belongs  to  that  note.  If  several  registers 
are  drawn  out,  all  the  pipes  in  them  which  correspond  to  the  note 
touched  will  sound  at  the  same  time.  If  the  pipe  is  a  flute  pipe, 
the  sound  is  produced  by  the  vibration  of  the  column  of  air  in  the 
pipe ;  if  it  is  a  reed  stop,  the  sound  results  from  the  beating  of  the 
tongue,  which  breaks  the  air  against  the  walls  of  the  mouth  of  the 
pipe.  To  those  who  wish  for  minute  particulars  concerning  the 
construction  of  the  organ,  we  must  refer  them  to  the  able  essay  of 
Mr.  Hopkins  in  the  work  already  mentioned. 

The  Exhibition  contains  five  large  organs  by  English  makers, 
viz. : — Willis,  Walker,  Forster  &  Andrews,  Hedgeland,  and  Beving- 
ton.  We  have  no  German  or  French  instruments  to  compare  with 
them.  A  richly-carved  Elizabethan  organ-case  in  the  French  de¬ 
partment  bears  the  important  name  of  Cavaille-Coll,  but  it  has  no 
inside. 

Mr.  Henry  Willis’  organ,  at  the  end  of  the  south-east  transept, 
is  truly  a  magnificent  instrument.  It  has  four  sets  of  keys,  each 
having  a  compass  of  four  octaves  and  a  sixth,  from  CC  to  A,  and  a 
pedal  board  of  two  and  a  half  octaves.  Its  contents  are  as  follows : — 


GREAT 

ORGAN. 

Stops. 

Feet.  Stops. 

Feet. 

1.  Double  diapason  (open  metal),  16 

9.  Fifteenth, . 

.  2 

2.  Open  diapason, 

.  8 

10.  Fourniture,  5  ranks,  . 

.  0 

3.  Open  diapason, 

.  8 

11.  Mixture,  3  ranks, 

.  0 

4.  Flute  a  pavillion, 

.  8 

12.  Posaune,  .  .  . 

.  16 

5.  Claribel  flute, 

.  8 

13.  Trombone, 

.  8 

6.  Quint, 

.  6 

14.  Trumpet,  . 

.  8 

7.  Principal, 

.  4 

15.  Clarion, 

.  4 

8.  Flute  traversiere,  . 

.  4 

SWELL 

ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Double  diapason  (wood 

and 

8.  Echo  cornet,  5  ranks. 

metal), 

.  16 

9.  Contra  fagotto, 

.  16 

2.  Open  diapason, 

.  8 

10.  Cornopean, 

.  8 

3.  Salcional, 

.  8 

11.  Hautboy,  . 

.  8 

4.  Clarabella,  . 

.  8 

12.  Clarion,  . 

.  4 

5.  Principal, 

.  4 

13.  Corno  de  bassetto, 

.  8 

6.  Flute  harmonique. 

14.  Vox  humana,  . 

.  8 

7.  Fifteenth, 

.  2 

CHOIR 

ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Open  diapason, 

.  8 

5.  Principal,  . 

.  4 

2.  Dulciana, 

.  .8 

6.  Flute, 

.  4 

3.  Vox  angelica, 

.  8 

7.  Corno  de  bassetto, 

.  8 

4.  Lieblich  gedact, 

.  8 

8.  Octave  clarionet, 

.  4 

SOLO  ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Flute  a  pavillion,  . 

.  8 

6.  Tuba, 

.  8 

2.  Claribel  flute, 

.  8 

7.  Trompette  harmonique, 

.  8 

3.  Flute  harmonique, 

.  4 

8.  Clarion  tuba, 

.  4 

4.  Concert  flute, 

.  4 

9.  Clarionette, 

.  8 

5.  Piccolo  harmonique, 

.  2 

10.  Orchestral  oboe, 

.  8 

PEDAL 

ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Sub-bourdon, 

.  32 

7.  Super-octave, 

.  4 

2.  Bourdon, 

.  16 

8.  Sesquialtera,  3  ranks. 

3.  Open  diapason  (wood), 

.  16 

9.  Ophicleide, 

.  16 

4.  Open  diapason  (metal), 

.  16 

10.  Clarion, 

.  8 

5.  Octave  (wood),  . 

.  8 

11.  Bassoon,  . 

.  8 

6.  Principal  (metal), 

.  8 
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COUPLERS,  &C. 


Stops. 

1 .  Swell  to  great,  unison. 

2.  Swell  to  great,  sub-octare. 

3.  Swell  to  great,  super-octave. 

4.  Solo  to  great. 

5.  Solo,  sub-octave  upon  itself. 

6.  Solo,  super-octave. 

7.  Great  organ  to  swell  (by  a  pedal). 

8.  Solo  to  pedals. 


Stops. 

9.  Swell  to  pedals. 

10.  Great  to  pedals. 

11.  Choir  to  pedals. 

12.  Pedal  organ  in  octaves  on  the 

ophicleide  and  clarion. 

13.  Pedal  organ  in  octaves  on  the 

super-octave,  sesquialtera,  and 
bassoon. 


Fig.  6S5. 


The  patent  pneumatic  combination  movement  is  applied  to  all 
the  organs,  each  having  six  distinct  changes.  The  great  swell  and 
solo  organs  possess  the  advantage  of  the  pneumatic  lever,  constructed 
in  a  manner  peculiar  to  this  builder.  The  interior  of  the  instrument 
presents  the  beautiful  construction  of  its  mechanism  so  vastly  com¬ 
plicated,  and  yet  so  free  from  noise,  such  an  array  of  couplers  and 
mechanical  contrivances,  as  could  scarcely  be  imagined  by  those  not 
conversant  with  organs  of  the  largest  size.  There  are,  too,  several 
important  novelties  in  the  valves  and  construction  of  bellows,  the 
particulars  of  which  we  have  not  space  to  enter  upon. 

The  pneumatic  lever  employed  in  large  organs  to  lighten  the  touch 
(great  force  being  necessary  to  open  the  valves)  is  an  important 
invention.  It  owes  much  in  this  country  to  the  ingenuity  of  Mr. 
Willis,  whose  improved  valves  for  the  exhaustion  of  the  air  are 
deserving  of  high  praise. 

The  pneumatic  lever,  as  made  by  different  organ-builders,  varies 
slightly  in  detail ;  but  the  following  is  the  plan  and  principle  of 
all : — 

The  upper  member  of  the  lever  is  formed  very  like  a  small  con¬ 
cussion  valve  (see  a,  Figs.  685  and  686),  the  former  of  which  shows 
the  lever  closed ,  the  other  open.  Be¬ 
neath  the  lever  are  two  little  cham¬ 
bers,  marked  c  c  and  d  d,  between 
which  passes  a  third,  e  e  e.  Below, 
1  again,  is  a  kind  of  backfall,  o  o,  which 
controls  the  circular  pallets,  b  b,  in 
such  a  manner  that  when  one  is 
open,  the  other  is  shut.  Lastly,  to 
the  rising  end  of  the  lever  a  small 
lug  is  attached,  which  draws  up  a 
tracker,  w,  that  sets  the  several  key 
movements  in  motion.  On  pressing 
down  a  key  on  any  one  of  the 
manuals,  the  movement  draws  down 
the  near  end  of  the  backfall,  o  o, 
causing  the  far  end  to  rise,  which 
motion  places  the  circular  pallets, 
b  6,  in  the  positions  shown  in  Fig.  686.  Some  of  the  wind  from 
the  chamber  c,  c,  now  passes  downwards  through  the  uncovered 
pallet-hole,  traverses  the  passage,  e  e  e,  raising  and  filling  the  pneu¬ 
matic  lever,  a,  which  draws  up  the  tracker,  t ,  communicating  the 
impulse  to  all  the  sound-board  pallets  that  may  be  attached  to  the 
controlling  key.  The  circular  pallet  in  the  second  chamber,  d  d, 
at  the  same  time  closes,  and  prevents  the  escape  of  any  wind.  When 
the  finger  is  withdrawn  from  the  key,  the  position  of  the  backfall, 
and  consequently  of  the  circular  pallets,  is  reversed,  as  shown  in 
Fig.  685.  The  supply  of  air  from  the  wind-chamber  is  now  cut  off 
by  the  descent  of  the  pallet.  At  the  same  time  the  second  pallet 
in  the  chamber,  d  d,  is  raised,  allowing  the  wind  to  descend  through 
the  pallet-hole,  g,  escaping  through  the  opening,  z,  into  the  atmo¬ 
sphere.  The  contents  of  the  lever  being  thus  exhausted,  it  returns 
to  its  state  of  rest,  as  shown  at  Fig.  685,  the  rapidity  of  the  change 
being  accelerated  by  the  spring,  p. 

The  pneumatic  action  which  effects  such  remarkable  results  as 
regards  the  touch,  is  not  entirely  unattended  with  disadvantages. 
In  many  of  the  specimens  made  by  the  best  builders,  continental  as 


Fig.  686. 

Pneumatic  Lever  for  Organs. 


well  as  English,  the  working  of  the  levers  is  as  audible  as  the  motion 
of  the  rattling  key-movements  of  old  organs.  This  arises  partly 
from  the  nature  of  the  action  itself,  which,  to  be  effectual,  must 
necessarily  also  be  very  energetic.  It  has  also  a  tendency  to  “  hang,” 
as  it  is  technically  termed.  These  defects  have  in  some  measure 
been  ameliorated,  especially  in  the  instrument  under  notice,  and 
through  the  ingenuity  possessed  by  so  many  eminent  builders,  they 
will  doubtless,  before  long,  be  entirely  removed. 

The  next  organ  deserving  of  our  attention  is  the  fine  instrument 
built  by  Mr.  Walker,  in  the  gallery  under  the  dome  at  the  west  end 
of  the  nave.  It  has  four  complete  manual  organs,  the  compass  of 
each  being  from  CC  to  G — in  all,  fifty-six  notes;  and  an  independent 
pedal  organ,  compass  from  CCC  to  G — thirty-two  notes.  The 
maker  says,  “  This  organ  is  exhibited,  not  only  as  a  specimen  of 
good  work,  but  to  show  that  the  touch  of  a  large  organ  may  be  so 
constructed  as  to  avoid  the  expense  and  liability  to  disarrangement 


of  the  pneumatic  action.”  And 

we  may  add  that  it  fully  carries 

out  the  intention. 

The  following 

is  a  list  of  its  contents : — 

GREAT  ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Double  open  diapason, 

7.  Gamba,  . 

.  metal  4 

metal  16 

8.  Twelfth, 

•  “  2§ 

2.  Open  diapason, 

“  8 

9.  Fifteenth, 

.  “  2 

3.  Gamba, 

“  8 

10.  Full  mixture,  3  ranks  “ 

4.  Flute  traverso, 

wood  8 

11.  Sharp  mixture,  4  ranks  “ 

5.  Stopped  diapason, 

.  “  8  tone 

12.  Trumpet, 

.  “  8 

6.  Principal, 

.  metal  4 

13.  Clarion, 

.  “  4 

SWELL  ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Double  stopped  diapason. 

6.  Principal, 

.  metal  4 

wood  16  tone 

7.  Twelfth  and  Fifteenth  “  2§-  &  2 

2.  Open  diapason, 

.  metal  8 

8.  Mixture,  4  ranks, 

it 

3.  Viol  di  gamba, 

.  “  8 

9.  Double  trumpet, 

.  “  16 

4.  Stopped  diapason, 

10  Horn,  . 

.  “  8 

metal  and  wood  8  tone 

11.  Hautboy, 

.  “  8 

5.  Hohl  flute, 

.  wood  4 

12.  Clarion, 

.  “  4 

CHOIR 

ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Gemsbom, 

.  metal  8 

5.  Spitzflote, 

.  metal  4 

2.  Dulciana, 

.  “  8 

6.  Flute,  .  metal  and  wood  4  tone 

3.  Vox  angelica, 

.  “  8 

7.  Piccolo,  . 

.  wood  2 

4.  Leiblich  gedact, 

.  wood  8  tone 

8.  Clarionet, 

.  metal  8 

SOLO  ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Open  diapason, 

.  metal  8 

3.  Harmonic  flute, 

.  metal  4 

2.  Harmonic  flute, 

.  “  8 

4.  Tuba  mirabilis, 

.  “  8 

PEDAL  ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Sub  bass, 

.  wood  32  tone 

5.  Mixture,  3  ranks, 

metal 

2.  Open  bass, 

.  “  16 

6.  Trombone, 

.  “  16 

3.  Stopped  bass, 

.  “  16  tone 

7.  Trumpet, 

.  “  8 

4.  Principal, 

.  “  8 

COUPLERS,  ETC. 

Stops. 

Stops. 

1.  Great  to  pedals. 

4.  Solo  to  pedals. 

2.  Swell  to  pedals. 

5.  Swell  to  great. 

3.  Choir  to  pedals. 

6.  Swell  to  choir. 

Four 

composition  pedals  to  great  and  pedal. 

Three  “ 

to  swell. 

Tremulant  to  swell. 

An  organ  built  by  Messrs.  Forster  &  Andrews  of  Hull,  placed 

on  the  ground  floor  in  the  north-east  transept,  is  particularly  deserv¬ 
ing  of  at.ention  on  several  points.  It  has  three  rows  of  keys,  or 
manual  organs,  the  compass  of  each  being  CC  to  G  in  alt.,  and  an 
independent  pedal  organ,  compass  from  CCC  to  F.  The  pedal  keys 
are  a  combination  of  the  concave  and  radiating  arrangement,  a  plan 
which  seems  to  us  the  best  that  can  be  devised.  Much  inconveni¬ 
ence  arises  from  the  different  dimensions  and  arrangement  of  the 
pedal  keys  by  various  makers.  It  is  very  desirable  that  some  under- 
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standing  should  be  come  to  in  this  matter.  An  eminent  authority 
has  well  remarked,  “  It  is  a  stigma  upon  organ-building,  that  an 
organist,  no  matter  how  eminent  or  well  practised  he  may  be,  must 
study  every  new  organ  he  comes  to  before  he  is  able  to  manage  it.” 


The  contents  of  this  organ 

are  as  follows : — 

GREAT  ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Double  open  diapason, 

.  16 

7.  Waldflote,  . 

4 

2  Open  diapason,  . 

.  8 

8.  Twelfth  and  Fifteenth,  2§ 

&  3 

3.  Gamba, 

.  8 

9.  Mixture,  .  .  5  ranks 

4.  Hohlflote,  . 

.  8 

10.  Posaune,  . 

8 

5.  Stopped  diapason, 

.  8 

11  Trumpet,  . 

8 

6.  Principal,  . 

.  4 

12.  Clarion, 

4 

SWELL  ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Bourdon, 

.  16 

7.  Mixture,  .  .  5  ranks 

2.  Open  diapason, 

.  8 

8.  Double  trumpet, 

16 

3.  Bell  gamba, 

.  8 

9.  Cornopean, 

8 

4.  Stopped  diapason, 

.  8 

10.  Oboe, 

8 

5.  Principal, 

.  4 

11.  Clarion, 

4 

6.  Flute  traversiere  karmonique,  4 

PEDAL  ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Open  diapason  bass, 

.  16 

4.  Stopped  flute  bass, 

.  8 

2.  Stopped  diapason  bass,  . 

.  16 

5.  Trombone  bass, 

.  16 

3.  Principal  bass, 

.  8 

6.  Pedal  organ  in  octaves. 

CHOIR  ORGAN. 

Stops. 

Feet. 

Stops. 

Feet. 

1.  Lieblich  gedact,  . 

.  16 

6.  Gemshorn, 

.  2 

2.  Dulciana, 

.  8 

7.  Harmonic  Piccolo, 

.  2 

3.  Stopped  diapason, 

.  8 

8.  Clarionet,  . 

.  8 

4.  Spitzttote,  . 

.  4 

9.  Grand  ophicleide, 

.  8 

5.  Dulcet  flute, 

.  4 

ACCESSORY  MOVEMENTS  AND  COUPLETS. 

1.  Great  to  pedals. 

6.  Swell  to  choir. 

2.  Swell  to  pedals. 

7.  Sforzando  pedal,  No.  1 

3.  Choir  to  pedals. 

8.  Sforzando  pedal,  No.  2. 

4.  Swell  to  great. 

9.  Tremulant  to  swell. 

10.  Combination  pedal,  11,  12,  13,  14,  15,  16.  Composition  pedals. 

The  movements  in  this  instrument  are  principally  direct  action. 
Improved  pneumatic  movements  are  applied  to  the  great  and  pedal 
organs,  which  also  act  on  the  whole  of  the  couplers.  The  lower 
notes  of  the  pedal  trombone  have  pneumatic  valves  acting  on  the 
tougues,  to  enable  them  to  speak  instantaneously.  The  large  pedal 
open  diapason,  and  16-feet  metal  double  diapason,  have  conical 
valves  under  the  feet  to  supply  them  with  wind.  This  form  of  valve 
was  introduced  by  the  makers  in  1850,  and  used  since  then  with 
perfect  success.  The  patent  pneumatic  combination  pedal  acts 
simultaneously  on  the  stops  in  the  great  and  pedal  organs,  and  pro¬ 
duces  nine  different  combinations.  The  instrument  is  blown  by  Joy’s 
Patent  Hydraulic  Engine — an  invention  of  so  much  importance  that 
we  must  devote  a  few  words  to  its  explanation. 

The  hydraulic  organ-blower  was  originated  by  the  requirement 
of  a  motive  power  for  the  special  purpose  of  blowing  the  bellows  of 
a  large  organ.  Several  conditions  were  requisite  in  the  arrange¬ 
ments  ;  first,  that  the  power  should  be  supplied  from  some  con¬ 
stantly  accessible  source ;  this  condition  at  once  pointed  to  water 
pressure  as  the  only  available  power,  and  resolved  the  question 
into  a  hydrauli  cengine,  required  not  only  to  give  out  a  recipro¬ 
cating  motion,  but  to  be  capable  of  regulation  down  to  the  lowest 
possible  speed  without  having  a  dead  point ;  at  the  same  time  to  be 
perfectly  free  from  the  shocks  due  to  water  in  motion  at  high 
pressure. 

The  following  drawings  show  the  arrangement  adopted  to  meet 
these  conditions.  Fig.  687  is  a  side  elevation  of  the  engine,  showing 
the  attachment  to  the  bellows ;  Fig.  688,  a  vertical  section  through 
the  cylinder ;  Fig.  689,  a  vertical  section  through  the  valve  chest ; 
Fig.  690,  a  sectional  plan. 


Fig. 687. 


A  is  the  cylinder,  with  ports  the  same  as  in  a  steam-engine 
cylinder,  b  being  the  inlet  ports,  and  c  the  exhaust,  d  is  a 
common  slide  valve,  working  over 
the  face  of  these  ports,  and  moved 
by  its  attachment  to  a  small  double 
piston,  E,  working  in  two  small 
cylinders,  F,  in  the  ends  of 
the  valve  box,  G.  It  is  the  water 
main.  The  pistons,  E,  are  moved 
by  the  water  pressure,  which  is  let 
into  and  out  of  their  cylinders  alter¬ 
nately  by  a  small  four-way  cock,  i; 
this  four- way  cock  is  moved  by  a  lever, 
j,  and  a  rod,  K,  which  is  attached  to 
an  arm  on  the  piston  rod ;  the  rod  is 
fitted  with  set  nuts  or  tappets  for 
adjusting  the  action  of  the  four-way 
cock.  In  the  outlet  port  of  the  four¬ 
way  cock  is  a  set  screw,  l,  by  which 
the  area  of  the  passage  of  that  port 
can  be  diminished,  and  the  water  re¬ 
tarded  to  any  desired  extent  in  its 
escape  from  the  cylinders,  F,  and 
thus  the  motion  of  the  valve,  D,  re¬ 
gulated.  o  is  the  attachment  to  the 
feeder. 

On  the  water  main,  H,  is  a  large 
ordinary  stop-cock,  M,  to  which  is 
attached  a  lever,  n,  and  rod,  s,  con¬ 
nected  to  the  reservoir  of  wind,  P,  at 
such  a  position  that  when  the  re¬ 
servoir  descends  by  the  exhausting  of 
the  air,  the  cock,  M,  is  opened  by  the 
weight,  K,  and  the  engine  is  set  in 
motion. 

Fig.  687  shows  the  normal  position  of  the  engine  when  the  water 
is  turned  on,  and  the  reservoir  full ;  the  engine  then  moves  only  at 


Joy’s  Organ  Blower — Side 
Elevation,  showing  the  attachment’ 
to  Bellows. 


an  extremely  slow  speed,  sufficient  to  supply  the  leakage  of  wind 
through  the  material  of  the  reservoir.  The  moment  wind  is 
abstracted  from  the  reser¬ 
voir,  its  depression  opens  the 
cock,  M,  and  the  engine  is 
set  in  motion  with  a  speed 
proportioned  to  the  amount 
of  the  exhaustion.  Thus  the 
supply  of  wind  is  always 
in  exact  proportion  to  the 
demand,  and  overblowing  and  unsteadiness,  as  in  hand  blowing,  are 
entirely  prevented. 
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The  bellows  of  the  orgau  we  have  described  is  blown  by  two 
hydraulic  engines,  having  a  water  pressure  of  35  lbs.  to  the  square 
inch.  We  may  add  that  the  hydraulic  organ-blower  has  been 
adopted  in  St.  Paul’s  Cathedral,  and  in  the  Temple  Church,  in 
both  cases  with  perfect  success. 

The  organs  built  by  Pledgeland  and  Bevington  do  not  call  for 
any  especial  notice,  although  they  are  good  instruments  of  their 
kind,  and  highly  creditable  to  the  makers.  The  first-named  is  in  a 
beautiful  mediaeval  case,  designed  by  Mr.  S.  J.  Nicholl.  and  deco¬ 
rated  with  paintings  by  Mr.  J.  H.  Westlake.  The  latter  instrument 
is  in  the  cld  traditional  style  of  case,  but  with  glass  panels  on 
either  side,  showing  the  mechanism  of  the  interior.  Messrs. 
Bevington  also  exhibit  two  small  chancel  organs,  made  at  a  price 
which,  we  think,  will  render  them  available  in  many  a  small  village 
church.  The  idea  of  these  small  organs  with  two  or  more  stops, 
in  open  cases,  originated  with  the  Rev.  Mr.  Baron,  whose  little 
volume,  entitled  “  Scudamore  Organs,”  has  accomplished  its  pur¬ 
pose.  We  are  glad  to  see  that  such  men  as  Willis,  Bevington,  and 
other  eminent  builders,  are  taking  the  matter  up. 

The  Exhibition  of  1851  contained  fourteen  organs — eleven  Eng¬ 
lish,  including  one  from  France,  one  from  Germany,  and  one  from 
Florence.  The  present  Exhibition  contains  about  the  same  num¬ 
ber  of  English  organs  (including  barrel  instruments),  without  any 
rival  from  a  foreign  country.  The  increase  in  the  number  of 
pianofortes  is  somewhat  startling.  The  Exhibition  of  1851  con¬ 
tained  173;  the  present  gathering  numbers  something  nearer  300 ! 
That  this  branch  of  industry  is  fully  represented  there  cannot  be  a 
question ;  but  it  must  be  remembered  that  the  pianoforte  is  the 
orchestra  of  the  people — a  domestic  instrument  by  which  music  can 
be  brought  to  the  fireside  of  a  social  circle. 

THE  PIANOFORTE. — The  history  of  this  instrument,  together 
with  the  gradual  improvements  that  have  been  made  in  its  con¬ 
struction,  are  singularly  identical  with  the  rise  and  progress  of 
modern  music  itself.  The  instrument  that  immediately  preceded 
the  pianoforte  was  the  harpsichord,  in  which  the  wire  was  twitched 
by  a  small  tongue  of  crow-quill  attached  to  an  apparatus  called  a 
“  jack,”  moved  by  the  key.  The  tone  thus  produced  has  been  not 
inaptly  described  as  a  scratch  with  a  sound  at  the  end  of  it.  This 
instrument,  although  great  ingenuity  was  displayed  in  its  manufac¬ 
ture,  was  very  monotonous,  and  afforded  the  player  no  scope  except 
for  execution,  and  that  of  a  most  mechanical  and  soulless  kind. 
At  length,  in  an  auspicious  hour  for  the  interest  of  music,  the  idea 
arose  that,  by  causing  the  key  to  strike  the  string  instead  of  pulling 
it,  the  tone  might  be  considerably  improved,  and  the  general  capa¬ 
bilities  of  the  instrument  otherwise  extended.  This  contrivance 
opened  an  entirely  new  field  to  the  player,  by  giving  him  the  power 
of  expression  in  addition  to  that  of  execution  ;  for  by  varying  the 
touch  a  greater  or  less  degree  of  force  could  be  given  to  the  blow 
on  the  string,  whereby  the  effects  of  piano  and  forte  might  be  pro¬ 
duced  at  pleasure.  This  was  the  great  feature  of  the  new  invention, 
and  gave  to  the  improved  instrument  the  name  of  pianoforte ,  which 
it  has  ever  since  retained.  The  merit  of  the  invention  has  been 
ascribed  by  turns  to  the  Germans,  the  Italians,  the  French,  and  the 
English ;  but  the  writer  of  the  present  article,  in  his  “  History  of 
the  Pianoforte,”  satisfactorily  proves  that  the  claim  of  priority  is  in 
favour  of  Bartolommeo  Christofori,  of  Florence,  who  made  the  first 
pianoforte  in,  or  shortly  before,  1710.  There  can  be  no  doubt, 
however,  that  important  improvements  in  the  instrument  were 
subsequently  made  by  the  German  manufacturers,  Silbermann,  G. 
A.  Stein,  and  others,  and  that  to  an  Englishman,  the  Rev.  W. 
Mason,  the  well-known  poet,  is  to  be  ascribed  the  contrivance  of 
detaching  the  hammer  entirely  from  the  key,  and  giving  them  only 
a  momentary  connection  when  the  key  is  struck  by  the  finger. 
Mason’s  valuable  improvement  was  adopted  by  the  English  makers, 
who  became  celebrated  for  the  superiority  of  their  pianofortes 


towards  the  close  of  the  last  century.  In  all  the  cities  of  the  civilized 
world  makers  of  this  instrument  arose,  and  a  suitable  style  of 
music  and  school  of  players  were  not  long  wanting.  It  is  needless 
to  describe  the  different  varieties  now  in  use  of  an  instrument  so 
familiar  to  every  one.  Our  principal  makers  have  rivalled  each 
other  in  their  exertions  to  increase  the  powers  and  improve  the 
mechanism  of  their  instruments  ;  and  while  those  of  each  maker  have 
some  distinguishing  feature  of  excellence,  no  one  can  be  said  to 
have  gained  a  general  pre-eminence  over  the  others. 

The  factory  of  Messrs.  Broadwood  &  Sons  contribute  four  iron 
grand  concert  pianofortes ;  various  separate  parts  of  an  ordinary 
drawing-room  pianoforte ;  separate 
tion  of  the  iron  grand  instruments ; 
and  a  variety  of  models,  &c.,  to 
illustrate  the  process  of  stringing. 

The  chief  features  of  the  “  iron 
grand”  instruments  are,  that  the 
iron-work  over  the  strings  forms  a 
complete  framing,  self-supporting 
and  perfect  throughout  its  centre 
construction;  and  that  the  points 
of  abutment  in  the  wrest-plank,  in¬ 
termediate  between  its  two  ends, 
have  been  reduced  to  a  single  one, 
corresponding  to  one  parallel  bar  in 
the  middle  of  the  scale. 

The  metallic  framing  of  the  iron 
grand  is  shown  in  the  accompany¬ 
ing  engraving  (Fig.  691).  H  is 
a  strong  plate  of  wrought-iron, 
termed  the  string-plate.  It  is 
about  a  quarter  of  an  inch  thick ; 
it  extends  in  one  piece  along  the 

curved  side  and  the  back  end  of  the  Broadwood's  Pianoforte— Plan  showing 
.  ,  .  r  Metallic  I-  raming. 

instrument,  and  is  fastened  down 

to  the  wood  framing  below  by  strong  wooden  screws.  Into  this 
plate  are  inserted  the  requisite  series  of  small  studs  for  holding 
the  back  ends  of  the  strings.  I  is  a  strong  bar  of  iron  of  a  curved 
shape,  called  the  sweep  bar.  It  is  adapted  to  the  whole  length  of 
the  wrest  plank,  immediately  in  front  of  the  wrest  pins,  and  is  secured 
thereto  by  screws.  K  is  a  strong  iron  bar,  placed  close  to  the  right 
cheek  of  the  frame,  one  end  abutting  against  the  strong  plate  and 
the  other  against  the  sweep  bar ;  this  is  called  the  treble  check  bar. 
L  is  a  bar  of  similar  character,  placed  against  the  left-hand  side  of 
the  case,  and  abutting  against  the  string-plate  and  sweep  bar  in  the 
same  way.  It  is  called  the  bass  bar,  and  is  secured  at  several  points 
of  its  length  to  the  straight  side  of  the  case  by  screws.  M  is  an  iron 
bar,  placed  parallel  to  the  strings,  in  about  the  middle  of  the  instru¬ 
ment,  and  called  the  middle  bar.  It  is  strengthened  by  feathered 
ribs,  so  that  its  section  forms  a  sort  of  cross,  giving  it  great  stiffness 
to  resist  the  heavy  thrust  without  flexure.  It  is  fastened  down  by 
screws,  at  two  points  of  its  length,  to  the  middle  longitudinal  strut  of 
the  wooden  framing  below.  This  bar,  like  the  treble  and  bass  bars, 
abuts  firmly  against  the  string-plate  and  sweep  bar,  respectively ; 
and  it  will  be  seen  that  it  has,  on  its  under  side,  a  small  shoulder, 
which  also  abuts  against  the  edge  of  the  wrest-plank,  in  the  open¬ 
ing  left  between  it  and  the  belly  rail.  N  is  a  fourth  bar  of  similar 
section  to  the  last,  but  placed  in  a  diagonal  position,  and  called  the 
diagonal  bar.  Its  front  end  abuts  against  the  left-hand  end  of  the 
sweep  bar,  on  the  angle  formed  by  it  and  the  bass  bar ;  while  its 
back  end  abuts  against  the  string-plate,  which  has  a  strengthening 
piece,  c,  formed  upon  it,  serving  to  afford  good  and  sufficient  abut¬ 
ments  to  the  ends  of  the  two  bars,  M  and  n. 

It  will  now  be  seen  that  the  string-plate,  H,  at  the  back,  the 
sw'eep  bar,  i,  at  the  front,  and  the  four  shut  bars,  k,  l,  m,  n,  fixed 


parts  to  illustrate  the  construe- 
Fig.  691. 
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between  them,  form,  combined,  one  complete  wrought-iron  frame 
of  great  compactness  and  strength,  and  capable  of  resisting,  even  of 
itself,  the  terrible  force  operating  within  it ;  and  when  this  is  firmly 
fixed  down  to  the  wood  framing  below',  likewise  of  great  strength, 
the  efficiency  of  the  whole  becomes  still  more  evident. 

The  power  of  resistance  and  durability  possessed  by  these  noble 
instruments  is  almost  incredible.  We  have  it  from  the  firm,  that  an 
iron  grand,  finished  September  8,  1852,  had,  up  to  January,  1862, 
been  used  at  460  concerts.  Another  of  the  same  class  of  pianos, 
finished  December  29,  1852,  up  to  the  same  date,  had  been  played 
upon  at  458  concerts.  During  this  arduous  labour,  each  instrument 
lost  one  string ! 

There  are  many  other  important  details  connected  with  the  con¬ 
struction  of  these  instruments  (especially  in  the  wrest  plank)  that  wre 
should  gladly  enter  upon  if  space  permitted  ;  but  we  must  be  con¬ 
tent  to  refer  to  the  little  volume  on  the  subject  issued  by  the  firm 
whose  instruments  we  have  been  describing. 

Messrs.  Collard  &  Collard  exhibit  two  concert  grand  pianofortes ; 
a  square  semi-grand  ;  two  oblique  grands  ;  and  a  pianino.  The  prin¬ 
ciple  of  construction  of  the  semi-grand  (Fig.  692)  differs  in  a  striking 
degree  from  that  of  the  ordinary  grand  square.  The  object  sought 
to  be  attained  is  the  greatest  power  of  resisting  the  destructive 
influence  of  the  East  Indian  and  tropical  climates,  without  the  usual 
reliance  on  the  adhesive  properties  of  glue. 


Collards’  Semi-grand  Action. 


By  centering  the  hammer-butts,  in  lieu  of  the  old  system  of 
hinging  with  leather,  the  hammer  is  rendered  more  steady,  and  the 
force  of  the  blow  is  greatly  increased  —  this  being,  in  fact,  the 
first  application  in  its  entirety  of  the  grand  action  to  the  square 
pianoforte. 

The  same  firm  exhibit  the  model  of  a  cottage  pianoforte,  in  two 
divisions,  extensively  manufactured  for  the  South  American  market. 
The  weight  of  the  instrument  being  equally  divided,  and  brought 
within  the  limit  of  a  mule’s  burthen,  its  transport  over  the  Andes 
(otherwise  impossible)  is  thus  rendered  of  easy  accomplishment. 
The  parts  are  readjusted  without  the  smallest  difficulty,  and  the 
instrument  in  no  respect  suffers  from  its  temporary  disjoint- 
ment. 

Messrs.  J.  &  J.  Hopkinson  exhibit  a  concert  grand  pianoforte,  the 
mechanism  (Fig.  693)  being  upon  a  new  principle,  by  which  increased 
power  is  combined  with  greater  delicacy  than  has  hitherto  been 
obtained,  and  in  consequence  of  reduced  friction,  the  durability  is 
increased.  So  sensitive  is  this  mechanism,  and  so  accurately  may 
the  amount  of  tone  desired  be  regulated,  that  the  “  tremolo”  (similar 
in  effect  to  that  produced  by  the  violinist,  or  the  voice  of  a  finished 
singer)  may  be  produced  by  the  mere  trembling  of  the  finger  when 
pressed  upon  the  key;  at  the  same  time  a  performer  of  only 
moderate  power  of  finger  can  by  it  fully  develop  the  most  powerful 
effects  of  the  modern  style  of  pianoforte  playing. 

On  the  key  (1)  being  pressed,  the  hammer  (2)  on  reaching  the 
string  is  relieved  by  the  arm  (5)  pressing  against  the  stop  (7), 
causing  the  jointed  striker  (4)  to  hend,  so  as  to  bring  the  hammer 


from  the  string ;  the  spring  (6)  keeps  the  whole  in  a  position 
always  ready  to  answer  to  the  least  movement  of  the  finger  on  the 
key,  giving  the  performer  a 
greater  command  over  the 
action  of  the  hammer  on 
the  strings  than  with  the  old 
system  of  hopper  and  lever, 
and  securing  the  utmost 
delicacy  of  touch.  It  will 
be  seen  also  that  the  whole 
force  of  the  leverage  is  in 


Ilopkinson’s  Grand  Action. 


Fig.  694. 


this  mechanism  preserved,  and  indeed  added  to,  by  the  straighten¬ 
ing  of  the  striker  as  it  ascends,  the  maximum  of  force  being  reached 
exactly  when  the  hammer  strikes  the  string. 

The  same  firm  also  have  an  improved  “  cot¬ 
tage  ”  action  (Fig.  694),  an  invention  to  remedy 
a  defect  in  cottage  or  upright  pianos  not  found 
in  those  of  the  horizontal  form,  and  to  com¬ 
pensate  for  the  difference  in  the  position  of  the 
hammers  between  the  former  and  the  latter. 

By  a  new  form  of  hammer  rail  (1),  with  an 
altered  arrangement  of  the  other  parts  of  the 
action,  the  hammer  butts  (2)  are  brought  close 
to  the  string  (8) ;  the  hammers  (3)  can  no 
longer  attain  a  vertical  position,  and  their  re¬ 
turn  or  relief  from  the  string  is  more  certain 
and  decided.  They  are  not  liable  to  “  hang  ” 
or  produce  a  reluctant  touch.  A  check  (5) 
is  applied  to  the  back  of  the  striker  (4)  to  assist 
in  bringing  the  hammer  to  a  state  of  rest  after 
the  blow,  and  to  prevent  its  vibrating  against 
the  string  (8). 

Another  invention  of  the  Messrs.  Hopkinson 
is  the  patent  “  harmonic  pedal,”  by  which  the 
performer  can  at  pleasure  produce  an  entirely 
new  and  beautiful  effect  on  the  piano,  hitherto 
confined  to  the  harp,  violin,  and  violoncello. 
It  consists  of  a  method  of  applying  stoppers  of 
cork  and  vulcanized  india-rubber,  with  springs 
to  press  lightly  on  the  centres  of  the  strings, 
producing  harmonic 


J 


Hopkinson’s  Cottage  Action. 


sounds  of  a  liquid  and 
pleasing  character. 

One  of  the  most  im¬ 
portant  inventions  as 
regards  the  pianoforte 
is  Brinsmead’s  new  patent  check-repeating  action  (Fig.  695).  In  all 
upright  check  actions  hitherto  made,  the  hammer  must  return  to 
the  rest  before  a  repeat  can  be  obtained.  In  the  present  action 
the  hammer  is  perfectly  checked  with  the  slightest  movement  of  the 
key,  thus  gaining  a  most  rapid  and  perfect  repeat,  a  desideratum 
long  desired.  Again,  the  lever  and  hopper  being  superseded  in  the 
mechanism  of  this  action,  the  full  force  of  the  blow  is  transmitted 
direct  from  the  key  to  the  hammer. 

In  the  ordinary  actions  the  striker  is  hinged  from  the  butt  with 
leather,  and  connected  with  the  lever  by  leather,  the  underside  of 
the  lever  having  a  piece  of  box  cloth  and  leather  forming  an 
elastic  cushion  for  the  hopper  to  strike  against.  From  the  conse¬ 
quent  and  necessary  interposition  of  these  clothings  a  considerable 


528 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


Fig.  695. 


portion  of  the  power  of  the  blow  is  absorbed,  while  in  this  action 
the  striker  is  connected  with  the  butt  by  a  bushed  centre  resting  on 
an  adjusted  block,  and  is  the  only  medium  from  the 
hammer,  thus  gaining  its  superiority  of  power.  Again, 
another  great  advantage  is  in  the  escapement,  the 
hammer  relieving  itself  from  a  block  on  the  end  of 
the  key,  which  is  most  simply  adjusted,  the  set-off 
and  repeat  being  attained  by  one  movement ;  thus 
the  touch  of  the  most  rapid  performer  never  fails  to 
elicit  a  distinct  note. 

The  same  principle  being  applied  to  the  grand 
instruments,  the  key  can  easily  be  removed  without 
disturbing  the  action,  or  either  movement  taken  to 
pieces  without  interfering  with  the  next  note. 

Another  important  action  is  exhibited  in  Chappell’s 
“Ten  guinea  Pianoforte” — one  of  the  marvels  for 
cheapness  of  the  present  age.  The  features  of  this 
invention  are  simplicity,  excellence  of  touch,  and 
durability  (Fig.  696). 

By  the  fly  of 
the  hopper,  act¬ 
ing  direct  upon 
the  hammer-butt, 
which  is  shaped 
in  the  form  of 
the  lever,  and 
the  hopper,  a  blow  of 
unnecessary  the  use  of 


Brinsmead’s  Check  Repeating  Action. 


Fig.  696. 


clothed,  it  produces,  when  acted  on  by 
the  most  desirable  kind,  thus  rendering 
the  lever  and  striker.  For  cheap  instruments  this  seems  the  most 
desirable  action  yet  hit  upon. 

The  pianos  of  foreign  countries,  of  which  there 
are  an  abundance  in  the  Exhibition,  do  not  present 
any  very  great  novelties.  Differences,  of  course, 
may  be  found  by  a  comparison  of  the  actions  used 
by  our  continental  neighbours,  but  that  denominated 
the  “  Vienna  ”  action  seems  the  most  prominent. 

Pianofortes  (generally  horizontal  ones)  have  be¬ 
come  an  important  branch  of  Vienna  industry. 
The  simplicity  of  the  action,  the  superior  quality, 
and  the  low  prices  of  the  inland  materials  used  for 
their  manufacture  (sounding-boards  from  the  Bohe¬ 
mian  forests,  nut  wood  and  Hungarian  ash  wood 
for  inlaid  work,  and  steel  strings  of  superior  quality), 
make  it  possible  to  bring  them  into  commerce  at 
prices  which,  with  equal  perfection  of  workman¬ 
ship  and  tone,  would  be  impossible  under  different 
circumstances.  Vienna  produces 


Chappell’s  Upright  Action  Piano, 


yearly  an  average  amount  of 
2600  pianofortes,  besides  those 
manufactured  by  the  pianoforte- 
makers  residing  at  Salzburg,  Pest, 
Prague,  &c. 

THE  HARMONIUM.— This  delightful  instrument,  which  is  now 
becoming  well  known  in  this  country,  combines  in  a  remarkable 
degree  the  advantages  of  a  powerful  tone,  great  extent  of  compass, 
and  the  capabilities  of  sustaining  sounds,  and  of  imitating  the 
expression  of  the  human  voice.  To  these  qualifications  it  adds 
extreme  simplicity  of  construction,  smallness  of  size,  and  the  great 
recommendation  of  keeping  in  tune.  The  harmonium  has  a  key¬ 
board  like  the  organ  and  pianoforte,  and  is  played  upon  in  the  same 
manner.  It  has,  however,  neither  pipes  nor  strings,  but  its  sounds 
are  produced  from  metal  springs  termed  reeds  (Fig.  697),  which  are 
made  to  vibrate  between  the  edges  of  brass  boxes,  thus  : — 

These  are  firmly  fixed  by  screws  over  small  apertures  in  the  pan 
of  the  instrument,  and  communicate  with  tubes,  or  rather  little 


channels,  the  lengths  of  which  are,  of  course,  correctly  proportioned 
to  the  number  of  vibrations  each  of  the  tongues  is  intended  to  pro¬ 
duce.  They  are  not  visible,  since  they  are  let  into,  and  consequently 
form  a  portion  of  the  pan.  At  the  other  end  of  the  channels  come 
the  pallets ,  which  being  raised  by  the  action  of  the  keys,  allows  the 
air  to  rush  past  the  tongues,  and  sets  them  in  motion.  The  air 
then  passing  out  by  the  pallets,  becomes  the  means  of  producing  a 
musical  sound. 


Fig.  697. 


Harmonium  Reed. 


The  free-reed  is  very  ancient,  having  been  used  in  India  and  in 
China  from  time  immemorial.  Its  revival  in  Europe  dates  only 
from  the  commencement  of  the  present  century.  We  need  not 
dwell  upon  the  attempts  that  have  been  made  from  this  time  to 
improve  free-reed  instruments ;  suffice  it  to  say  that  the  labours  of 
MM.  Grenie,  Cosyn,  Sebastian  Erard,  Pinsonnat,  Martin,  Pape,  &c., 
have  all  disappeared  in  the  claims  of  MM.  Alexandre  &  Debain  of 
Paris,  who,  with  great  mechanical  knowledge,  and  untiring  energy 
and  zeal,  have  at  length  succeeded  in  bringing  instruments  of  this 
class  to  the  utmost  possible  perfection. 

The  Exhibition  contains  a  number  of  these  instruments  made  by 
French,  German,  and  English  makers.  Those  of  Alexandre  & 
Debain  of  Paris,  and  Schiedmayer  and  Trayser  of  Stuttgart,  are  of 
the  highest  excellence.  The  English  harmoniums,  unless  made 
with  French  reeds,  are  beneath  contempt.  We  except  from  this 
decision  the  large  harmonium  (Fig.  698)  manufactured  and  exhibited 
by  Messrs.  Chappell  &  Company,  which  is  decidedly  the  most  in¬ 
teresting  instrument  of  its  class  in  the  Exhibition. 


E  E 


This  harmonium  has  two  complete  manuals,  ranging  from  CC  to 
C4,  having  also  a  pedal  organ  two  octaves  and  a  half  in  compass. 
It  contains  nine  rows  and  a  half  of  vibrators  on  the  manuals,  and 
five  rows  on  the  pedals. 

It  possesses  three  inventions  worthy  of  notice — 

1st,  Pneumatic  levers  acting  on  the  swell  of  upper  manual.  On 
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pressing  footboard,  a,  the  air  is  propelled  from  11  to  c,  and  enters  D, 
which  draws  open  the  louvre  boards,  E,  allowing  the  full  power  of 
the  four  sets  of  vibrators  to  escape.  On  decreasing  the  pressure, 
the  swell  gradually  closes,  and  thus  a  softer  tone  is  obtained. 

2nd,  The  application  of  coupler  stops  between  the  keys,  so  that 
the  performer  can  attach  the  upper  manual  to  the  lower,  without 
removing  the  hands  from  the  key-board.  On  pressing  a  small  knob, 
F,  the  sticker  rail,  G  (which  works  on  centres)  is  turned  so  as  to 
bring  the  stickers  perpendicular ;  and  on  pressing  a  similar  knob 
the  action  is  again  thrown  off. 

3rd,  The  turning  up  of  the  foot  boards  to  the  feeders,  when  the 
instrument  is  used  as  an  organ  (and  blown  at  the  back  by  a  second 
party),  thus  allowing  the  pedal  clavier,  H,  to  be  carried  under  the 
manuals — a  valuable  contrivance,  never  before  attempted  in  instru¬ 
ments  of  this  description. 

In  concluding  this  brief  sketch  of  some  of  the  principal  novelties 
in  the  department  of  musical  instruments,  we  must  comment  on  the 
general  state  of  perfection  to  which  the  contributions  have  been 
brought.  The  opportunity  for  display,  and  the  encouragement 
given  to  first-class  instruments  by  the  Exhibition  will,  doubtless, 
have  its  influence  on  musical  as  well  as  on  industrial  art. 


7.-ELECTEICAL  INSTRUMENTS  AND  TELE¬ 
GRAPHIC  APPARATUS. 

By  C.  William  Siemens,  Esq.,  F.R.S.,  Mem.  Inst.  C.E.,  &c. 

ERY  day  we  hear  the  assertion  that 
the  present  Exhibition  proves  great 
and  universal  progress  since  1851, 
in  the  arts  of  execution  and  design, 
but  does  not  disclose  any  great  dis¬ 
coveries  or  inventions.  This,  how¬ 
ever,  can  hardly  be  accepted  as  a 
proof  that  the  inventive  faculty  has 
not  been  actively  exerted  during 
the  interval.  New  discoveries  and 
inventions,  represented  most  likely 
by  some  ill-executed  model,  will 
naturally  occupy  only  a  modest  position  among  the  great  crowd  of 
brilliant  objects  surrounding  us  at  a  great  Exhibition,  and  are  over¬ 
looked,  or  only  half  appreciated,  until  their  real  worth  becomes 
gradually  apparent,  in  the  course  of  years,  through  the  results  they 
are  destined  to  produce. 

With  regard  to  the  electric  telegraph,  we  are  bonnd  to  admit, 
that  all  the  great  leading  principles  involved  have  been  enunciated 
before  1851 ;  several  thousand  miles  of  land  lines,  consisting  of  iron 
wires  suspended  from  wooden  posts  by  means  of  insulated  supports, 
had  already  been  erected  in  England,  and  other  civilized  countries. 
In  Germany  a  system  of  underground  telegraph  had  been  estab¬ 
lished,  which  had  called  the  insulating  properties  of  gutta  percha 
into  play,  and  had  already  disclosed  the  phenomenon  of  lateral 
induction,  which  plays  so  important  a  part  in  submarine  telegraphy 
at  the  present  day. 

Subaqueous  telegraphs  had  already  been  proposed  and  actually 
carried  out,  crossing  the  Rhine  at  Cologne,  and  other  rivers, 
although  it  was  not  till  after  the  close  of  the  Exhibition  in  1851, 
that  the  first  submarine  cable,  properly  so  called,  was  laid  down 
between  Dover  and  Calais.  The  telegraphic  instruments  then 
known  included  all  the  important  classes  of  needle,  recording 
and  dial  instruments,  worked  either  by  battery  or  by  magneto¬ 
electricity;  of  type  printing,  and  chemical-recording  instruments, 


including  the  autographic  arrangement  proposed  by  Mr.  Bakewell ; 
and  of  acoustic  instruments  by  Dujardin,  and  others.  The  pro¬ 
gress  consists  in  the  scientific  and  practical  development  of  these 
principles,  including,  however,  researches  and  inventions  of  the 
highest  order  and  importance.  The  following  hasty  sketch  of  the 
history  of  the  electric  telegraph  up  to  the  period  of  1851,  may  not 
be  inappropriate  in  guiding  the  student  to  a  fuller  appreciation  of 
the  progress  represented  at  the  present  Exhibition. 

It  appears  that  one  of  the  first  attempts  to  transmit  signals 
through  a  wire  by  means  of  electricity,  was  made  in  the  year  1728, 
by  Stephen  Gray,  a  pensioner  of  the  Charter-house.  His  wire 
was  about  700  feet  long,  and  was  suspended  in  the  air  probably 
by  silk  threads.  The  electricity  employed  was  that  produced  by 
friction,  commonly  called  static  or  tension  electricity,  which  was 
the  only  variety  known  in  those  days.  Similar  experiments  were 
instituted  about  the  same  time  in  America  by  Franklin,  who  may 
be  called  the  father  of  electrical  science. 

Passing  over  the  experiments  of  Winckler  of  Leipsic,  in  1846, 
of  Watson  of  London,  and  Lemonnier  of  Paris,  who  discharged 
Leyden  jars  through  considerable  lengths  of  suspended,  and  even 
submerged  wire ;  we  find  a  well-defined  attempt  toward  the  con¬ 
struction  of  an  electric  telegraph  in  the  hands  of  Lesage  of  Geneva, 
who  erected  24  line  wires,  each  of  which  was  connected  to  a  pair 
of  pith  balls,  representing  respectively  the  twenty-four  letters  of  the 
alphabet,  which  balls  separated  whenever  the  other  extremity  of 
the  wire  was  brought  into  contact  with  the  conductor  of  an  electrical 
machine.  The  inconvenience  and  expense  of  so  many  line  wires, 
naturally  led  to  attempts  to  reduce  their  number  by  combined 
signals.  Amongst  the  proposals  in  this  direction  we  will  only 
mention  the  name  of  Lomond  (1787),  Reisser,  Boeckmann,  Dr. 
Salva  of  Madrid,  Cavallo  and  Ronalds  (the  latter  as  late  as  1816), 
to  show  how  general  was  the  conviction  that  electricity  was  destined 
to  act  the  part  of  a  messenger,  and  yet  how  great  must  have  been 
their  difficulties  and  disappointments. 

By  the  splendid  discoveries  of  Galvani  and  Volta  (1786),  the 
hopes  of  realizing  a  practical  electric  telegraph  were  revived  in 
many  sanguine  minds,  of  which  the  attempts  of  Soemmering  of 
Munich  and  of  Schweigger  are  on  record ;  their  mode  of  producing 
signals  having  been  by  decomposition  of  water  upon  platinum 
electrodes  immersed  in  chemical  test  glasses. 

In  1820,  Oersted  published  his  important  discovery  of  the  de¬ 
flection  of  the  magnetic  needle  under  the  influence  of  the  galvanic 
current,  which  soon  turned  the  attention  of  the  scientific  world  in 
quite  a  new  direction.  Schweigger  found  that  the  deflecting  power 
of  the  current  may  be  vastly  increased  in  coiling  the  wire  round 
the  needle,  which  gave  rise  to  his  discovery  of  the  “  Multiplier.” 
Ampere  was  the  first  to  propose  an  electro-magnetic  telegraph, 
and  a  model  of  his  apparatus,  consisting  of  a  number  of  wires,  each 
connected  permanently  with  the  coils  of  a  needle  at  the  receiving 
end,  and  with  a  galvanic  battery  when  required  at  the  communi¬ 
cator  end,  was  executed  by  Ritchie  in  1832.  Fechner,  Davy,  and 
Alexander  introduced  various  modifications  in  Ampere’s  apparatus 
with  the  view  of  making  one  wire  act  as  the  return  circuit  for  all  the 
rest;  also  of  attaching  a  paper  screen  to  each  needle,  which,  upon  being 
moved  by  the  galvanic  current,  disclosed  the  letter  to  be  conveyed. 
A  Russian  councillor  of  state,  Baron  Schilling  of  Cronstadt,  pro¬ 
posed  certain  combinations  of  signals  whereby  to  reduce  the  number 
of  line  wires,  and  other  improved  arrangements,  which  were  favour¬ 
ably  represented  to  the  Emperor  Nicholas,  who  ordered  a  trial  upon 
a  larger  scale  ;  but  before  this  inventor  had  succeeded  in  overcoming 
the  practical  difficulties  that  presented  themselves,  he  was  stopped 
by  death  in  his  career. 

The  discovery  of  the  electro  and  horse  shoe  magnet  by  Arago 
and  Sturgeon,  and,  in  a  still  higher  degree,  the  discovery  of  induced 
currents  by  Faraday  in  1833,  caused  much  surprise  and  excitement 
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throughout  the  intellectual  world,  and  added  great  consideration  and 
zest  to  all  inquiries  undertaken  with  a  view  to  render  these  newly- 
discovered  natural  forces  available  for  the  useful  purposes  of  life. 

The  celebrated  astronomers  and  physicists  of  Gottingen,  Gauss 
and  Weber,  established  in  1833  a  line  wire  reaching  from  the 
observatory  of  that  university  to  the  steeple  of  the  public  library, 
and  thence  to  the  magnetic  observatory,  a  distance  of  about  a  mile, 
a  return  circuit  wire  being  also  provided.  Through  this  circuit 
they  communicated  with  each  other  by  means  of  magneto-electric 
currents  and  a  Weber’s  reflecting  magnetometer,  the  same  as 
employed  by  them  in  their  observations  upon  terrestrial  magnetism; 
and,  notwithstanding  the  large  proportions  of  this  receiving  instru¬ 
ment,  the  needle  weighing  nearly  one  cwt.,  they  succeeded  in  obtain¬ 
ing  very  clearly  defined  signals. 

Being  themselves  wholly  engaged  in  scientific  pursuits,  they 
called  upon  Steinheil,  of  Munich,  to  construct,  with  the  elements 
they  could  supply,  a  practically  useful  electric  telegraph. 

Steinheil  applied  himself  vigorously  to  the  task,  and  produced  a 
telegraphic  system  which  would  have  been  nearly  perfection,  if  it 
had  not  been  too  refined  for  the  means  then  at  his  disposal.  The 
receiving  instrument  he  constructed  consisted  of  two  needles  which 
were  actuated,  the  one  by  positive,  and  the  other  by  negative 
currents,  passing  through  one  and  the  same  line  wire.  Each  needle 
carried  a  small  reservoir  of  ink  and  a  pen,  which,  upon  being 
depressed,  marked  a  line  upon  a  strip  of  paper,  drawn  along  by 
clockwork  in  the  same  manner  as  is  usual  at  the  present  day.  He 
dispensed,  in  the  course  of  his  experiments,  upon  a  line  five  miles 
long,  with  the  second  wire  for  the  return  circuit,  having  found  that 
the  earth  possessed  sufficient  conductivity  for  that  purpose. 

While  Steinheil  was  pursuing  his  experiments  in  Germany,  a 
powerful  combination  was  forming  in  England,  under  the  beneficial 
influence  of  an  enlightened  patent  law,  which  soon  threw  the 
endeavours  of  others  into  the  shade.  Professor  Wheatstone  had  for 
some  years  already  devoted  his  attention  to  scientific  researches  on 
electricity,  and  had  determined,  by  a  very  ingenious  method,  the 
velocity  of  the  electric  current  in  conductors,  when  he  joined  Mr. 
Fothergill  Cooke,  in  1837,  in  a  patent  for  an  electric  telegraph, 
consisting  of  six  line  wires  and  five  galvanic  needles,  suspended 
vertically  in  a  line  across  a  diamond-shaped  board.  Each  needle 
could  be  deflected  to  a  limited  extent  to  the  right  or  to  the  left; 
and  in  deflecting  one  needle  to  the  right  and  another  to  the  left,  the 
latter,  intended  to  be  signalled,  was  situated  at  the  point  of  con¬ 
vergence  of  the  two  needles,  either  above  or  below  their  line  of 
suspension,  as  the  case  might  be.  Although  this  system  was  a  very 
feasible  one,  it  had,  after  a  short  trial  at  the  Euston  Station,  to  give 
way  to  an  improved  arrangement,  in  which  the  number  of  line  wires 
was  reduced  to  three  or  two,  and  the  alphabetical  signals  were 
produced  by  a  code  of  repetitions  of  the  deflections  of  one  or  two 
needles  to  the  right  and  left.  When  at  a  later  period  Steinheil’s 
discovery  of  the  earth  return  circuit  was  adopted,  the  number  of 
line  wires  was  reduced  to  one  or  two  respectively;  and  in  this  form 
the  single  and  double  needle  telegraph  is  still  being  extensively  used, 
chiefly  in  this  country,  yielding  only  very  gradually  to  the  more 
perfect  recording  instruments,  or  to  magneto-electric  dial  instruments 
for  short  circuits. 

It  seems  surprising  that,  although  the  superior  power  of  the 
electro-magnet  over  the  magnetic  needle  was  well  known  in  1837, 
no  practical  application  had  been  made  of  it  for  telegraphic  purposes 
until  Professor  Morse,  of  Charlestown  (Massachusetts),  proposed  his 
recording  instrument.  The  idea  of  this  instrument  is  said  to  have 
originated  with  Mr.  Morse  in  the  year  1832,  while  on  a  voyage 
home  from  Europe  to  America;  yet  it  does  not  seem  to  have 
assumed  any  definite  shape  till  October,  1837,  when  he  filed  his 
caveat  in  the  United  States  patent  office.  The  first  message  by  the 
Morse  instrument  was  sent  from  Baltimore  to  Washington  on  the 


27th  of  May,  1844,  or  seven  years  after  the  filing  of  the  original 
caveat,  many  important  improvements  in  the  original  instruments 
having  been  effected  in  the  interval.  Foremost  among  these,  the 
working  by  secondary  circuit,  or  relay,  deserve  to  be  mentioned ;  but 
it  is  a  contested  point  to  whom  the  honour  of  this  important 
improvement  is  really  due.  The  “  fountain  pen”  of  Steinheil,  which 
Morse  had  adopted  in  the  first  instance,  was  also  abandoned  for  the 
metallic  point  to  indent  the  paper,  which  has  in  its  turn  been  again 
superseded  very  recently  by  the  inked  marking  roller  of  John  Digney 
and  Siemens.  The  electro-magnet  first  employed  by  Mr.  Morse 
weighed  not  less  than  185  lbs.,  but  this  weight  dwindled  down 
during  the  same  interval  of  improvement  to  less  than  1  lb. 

The  Morse  instrument  soon  recommended  itself  by  its  simplicity 
and  great  certainty  of  action,  even  upon  long  and  indifferently 
insulated  lines ;  but  it  had  to  contend,  nevertheless,  against  several 
rival  inventions  claiming  also  their  peculiar  advantages. 

Mr.  E.  Davy  conceived  the  idea  of  establishing  a  to  and  fro  motion 
by  the  alternate  action  of  an  electro-magnet,  and  a  spring  acting 
upon  an  escapement  wheel,  for  turning  a  hand  upon  a  dial  bearing 
the  letters  of  the  alphabet.  This  crudely  conceived  idea  gave  rise, 
in  the  hands  of  Professor  Wheatstone,  to  his  electro-magnetic  and 
magneto-electric  dial  instruments,  which  were  patented  by  him  in 
1844.  In  turning  the  handle  of  the  communicating  instrument  a 
succession  of  currents  emanating  from  a  battery,  or  from  the  passage 
of  an  electro-magnet  near  the  poles  of  a  permanent  magnet,  were 
passed  into  the  line  wire,  each  current  causing  the  hand  upon  the 
dial  of  the  receiving  instrument  to  advance  one  step.  The  effi¬ 
ciency  of  this  instrument  depended  upon  the  perfect  harmony  of 
motion  between  the  handle  of  the  communicating,  and  the  pointer 
of  the  receiving  instruments,  which  could  only  with  difficulty  be 
realized. 

Impressed  with  the  difficulty  of  harmonizing  the  motion  of  the 
communicating  and  receiving  instruments,  Werner  Siemens  of  Berlin 
devised,  in  1846,  a  dial  instrument  in  which  the  communicating  and 
receiving  instrument  were  identical,  both  being  worked  by  the  same 
current,  and  both  being  naturally  dependent  upon  each  other  for 
each  succeeding  galvanic  impulse.  The  letters  of  the  alphabet  were 
marked  upon  finger  keys  arranged  round  the  indicator  dial ;  and  in 
depressing  one  of  these  keys  the  index  arm  was  arrested  on  arriving 
at  that  point,  and  the  re-establishment  of  the  galvanic  circuit  being 
thereby  prevented,  the  working  of  the  combined  instruments  (at  both 
ends  of  the  line)  was  suspended,  the  indices  pointing  to  the  same 
letter,  until  the  finger  key  was  again  released.  This  instrument 
possessed  the  advantages  of  being  easily  worked  and  read  off  by 
inexperienced  persons,  and  of  being  very  certain  in  its  action,  which 
advantages  secured  to  them  a  very  extended  application  in  German}-, 
and  elsewhere,  especially  for  railway  service. 

A  type-printing  instrument  was  added,  working  in  concert  with 
the  dial  instrument,  and  being  actuated  likewise  by  galvanic  currents 
only  without  the  aid  of  clockwork. 

Stochrer  of  Leipsic  succeeded,  in  1847,  in  constructing  a  magneto¬ 
electric  dial  instrument,  which  was  worked  practically  in  Bavaria, 
in  connection  with  the  railway,  till  the  year  1856,  when  they  were 
superseded  by  another  more  powerful  magneto-electric  arrangement, 
which  will  be  described  hereafter. 

In  France  a  peculiar  form  of  step-by-step  or  dial  instrument  was 
first  introduced,  consisting  of  two  dials  with  hands  capable  of  only 
eight  positions.  Two  line  wires  being  provided,  the  two  hands 
could  be  made  to  assume  simultaneously  any  of  these  eight  respective 
positions,  and  each  permutation  thus  produced  denoted  a  letter  of 
the  alphabet,  the  code  being  merely  copied  from  the  old  semaphore, 
or  optical  telegraph,  with  a  view  to  a  transfer  of  the  old  clerks  to 
the  new  telegraph  offices. 

In  America  the  Morse  telegraph  encountered  a  formidable  rival 
in  the  House  Type-printing  Telegraph  in  1847,  which  differed  from 
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Siemens  &  Halske’s  type-printing  instrument,  produced  nearly  at 
the  same  time,  in  this,  that  the  type  wheels  and  printing  apparatus 
were  moved  by  synchronous  clockwork,  which,  although  of  a  com¬ 
plicated  nature,  admitted  nevertheless  of  a  powerful,  and,  to  a  certain 
extent,  successful  arrangement. 

The  earlier  attempts  to  construct  a  type-printing  telegraph  by 
Vail  in  1837,  and  Alexander  Bain  in  1840,  were  of  too  primitive  a 
nature  to  deserve  particular  notice. 

The  chemical  electric  telegraph  which,  since  Oersted’s  great  dis¬ 
covery,  had  been  consigned  to  oblivion,  was  revived  in  an  improved 
form  by  Alexander  Bain  in  1843.  The  receiving  instrument  of 
Bain  differed  from  that  proposed  by  Morse  only  in  the  mode  of 
recording  the  messages ;  his  strip  of  paper,  saturated  with  starch 
and  iodine,  being  passed  in  a  moist  state  between  a  metallic  roller 
and  point,  was  marked  by  the  passage  of  the  galvanic  current  in  con¬ 
sequence  of  the  decomposition  effected. 

The  copying  telegraph  of  Bakewell  is  a  remarkable  illustration 
of  the  power  of  the  chemical  telegraph  to  transmit  facsimiles  of 
any  message  or  design  written  with  an  insulating  ink  upon  a  con¬ 
ducting  (metallic)  surface,  although  the  delicacy  and  slowness  of  the 
operation  is  such  as  to  prevent  the  system  from  being  practically 
adopted. 

The  electro-magnetic  needle  instrument  of  Cooke  &  Wheatstone 
was  almost  exclusively  used  in  England  in  1851,  although  several 
varieties  of  the  needle  instruments  had  been  proposed  which  are 
hardly  worthy  of  notice,  except  the  magneto-electric  needle  instru¬ 
ment,  by  Henley,  which  possessed  a  distinctive  character,  and  was 
adopted  by  a  rival  telegraph  company  then  in  course  of  formation. 

The  insulation  of  the  telegraph  line  wires  was  defective  in  1851. 
The  insulating  supports  used  consisted  mostly  of  cylindrical  pieces 
of  porcelain  or  pottery  cramped  to  the  post,  with  the  wire  passing 
through  a  hole  dished  out  conically  in  both  directions  to  facilitate 
the  discharge  of  rain  water. 

The  underground  system  was  confined  to  Germany,  where  it  had 
been  first  established  by  Dr.  Werner  Siemens  in  the  year  1847,  but 
was  still  labouring  under  great  disadvantages  owing  to  want  of  experi¬ 
ence  in  the  selection  and  treatment  of  gutta  percha,  which  material 
had  only  been  introduced  a  few  years  previously  into  Europe. 

The  foregoing  sketch  is  intended  to  convey  a  clear  conception  of 
the  period  of  struggle  between  half-developed  principles  which 
marked  the  time  of  the  first  great  Exhibition.  Were  we  to  judge 
the  progress  which  has  since  been  made  by  extent  of  application, 
we  should  have  every  reason  to  be  satisfied ;  for  whereas  in  1851 
the  total  mileage  of  telegraph  communication  did  not  probably  exceed 
7000  miles,  being  maintained  with  difficulty  in  the  most  civilized 
countries,  and  including  only  a  mile  or  so  of  submerged  line  wires,  we 
cannot  estimate  its  present  development  at  less  than  150,000  miles, 
covering  all  civilized  countries  with  a  complete  net-work,  stretching 
along  through  the  steppes  of  Russia,  and  the  desert  wilds  of  Asia  or 
America,  a  solitary  suspended  wire;  or  passing  below  the  ocean  wave, 
a  slender  rope  conveying  our  thoughts  with  the  utmost  certainty,  and 
with  the  speed  of  lightning,  from  place  to  place,  from  country  to 
country,  or  from  continent  to  continent.  Having  vanquished  space 
and  every  natural  impediment,  the  electric  telegraph  has  returned 
home,  to  do  also  our  small  errands  in  the  shape  of  a  district  or  pri¬ 
vate  telegraph.  We  make  our  appointments  by  telegraph,  and  we 
cannot  settle  down  to  our  daily  occupation  without  having  first 
ransacked  the  news  of  the  world  by  reading  “  Reuter’s  Telegrams 
in  short,  the  telegraph  has  become  one  of  the  great  institutions  of 
the  age,  as  indispensable  almost  for  our  daily  commerce  as  the  rail¬ 
way  or  the  post-office  itself. 

INSULATORS. — Respecting  the  establishment  of  land-lines,  the 
greatest  improvement  which  has  taken  place  is  the  introduction  of 
the  bell-shaped  insulator,  the  superiority  of  which  over  other  forms 
consists  in  this,  that  the  rain  cannot  moisten  the  interior  surface  of 


the  inverted  bell,  and  that  the  dry  surface  intervening  between  the 
support  of  the  insulator  and  the  wire  at  the  point  of  suspension 
prevents  leakage  of  electricity ;  it  being  understood  that  the  bell 
itself  must  consist  of  an  insulating  material,  such  as  porcelain,  glass, 
or  ebonite  (sulphurized  india-rubber  hardened  by  heat). 

Among  the  insulators  exhibited,  we  notice  those  by  Silver  & 
Company,  Latimer  Clark,  Varley,  Siemens,  Halske,  &  Company, 
the  French  Telegraph  Administration,  and  by  several  potters,  all 
partaking  of  the  character  of  the  inverted  bell. 

Messrs.  Silver  &  Company  confine  themselves  to  vulcanite  as  the 
material  employed,  of  which  they  are  extensive  manufacturers. 

The  insulator  exhibited  by  Messrs.  Siemens,  Halske,  &  Company 
consists  of  a  cast-iron  bell,  with  suitable  flange  by  which  to  fasten 
the  same  against  the  post ;  a  porcelain  or  ebonite  cup  is  cemented 
into  the  cast-iron  bell,  and  the  stalk  intended  to  support  the  line- 
wire  is  fastened  into  the  cup.  The  end  of  the  stalk  is  bent  up  in 
a  spiral  fashion,  to  prevent  the  line-wire  from  flying  out.  Every 
tenth  insulator  is  made  of  larger  proportions,  and  the  end  of  the 
stalk  is  provided  with  wedges  to  hold  the  line-wire  tight.  A  loop 
is  formed  of  surplus  wire  between  the  wedges,  which  allows  of  the 
line-wire  being  let  out  or  stretched  tighter  at  any  time  without  cut¬ 
ting  the  same,  a  provision  which  facilitates  repairs,  and  is  extremely 
convenient  in  Continental  climates,  where  the  length  of  the  line-wires 
requires  readjustment  in  spring  and  autumn,  on  account  of  the  great 
changes  of  temperature  which  take  place.  These  insulators  are 
extensively  used,  and  recommend  themselves  chiefly  for  wild  coun¬ 
tries  by  their  great  strength. 

Mr.  Clark’s  insulator  differs  from  the  foregoing  in  this,  that  the 
outer  bell  is  made  in  one  piece  with  the  inner  one,  both  being  made 
of  porcelain  or  pottery  ware.  By  this  means  a  greater  amount  of 
dry  insulating  surface  is  obtained,  but  at  the  expense  of  strength. 
There  seems  to  be  some  difficulty  also  in  getting  the  upper  and  thick 
part  of  the  insulator  perfectly  free  from  flaws,  which  difficulty  has 
given  rise  to  the  insulator  exhibited  by  Mr.  Varley,  which  consists 
of  several  insulating  bells  cemented  one  into  the  other.  Mr.  Clark’s 
insulator  is  used  extensively,  chiefly  upon  English  lines. 

SUBMARINE  CABLES. — The  subject  of  by  far  the  greatest  im¬ 
portance  in  connection  with  the  electric  telegraph,  and  which  pre¬ 
sents  the  greatest  field  for  scientific  investigation  and  practical 
improvement,  is  the  construction  and  working  of  submarine  lines. 
In  viewing  a  submarine  cable  simply  as  an  insulated  conductor,  it 
is  requisite  to  provide  an  insulating  coating  without  a  single  flaw 
throughout  the  entire  length,  and  to  secure  the  continuity  of  the 
conductor  by  sufficiently  strengthening  and  protecting  the  same 
against  abrasion,  against  animal  life,  and  the  chemical  action  of  sea¬ 
water,  and  even  against  the  great  strains  brought  upon  it  by  dragging 
anchors  of  ships.  In  dealing  with  long  submarine  lines  the  pheno¬ 
menon  of  lateral  induction  or  charge  claims  the  first  attention,  and 
the  insulated  wire  has  to  be  so  proportioned  that  the  retardation  of 
the  current  due  to  charge  of  the  insulating  medium  (and  which  may 
be  compared  to  the  charge  of  a  Leyden  jar)  is  kept  down  sufficiently 
to  allow  of  a  sufficient  working  speed  without  resorting  to  high  bat¬ 
tery  power.  It  is  of  the  utmost  importance  not  to  use  powerful 
batteries,  in  order  to  avoid  the  development  of  faults  in  places  where 
the  insulating  coating  may  be  somewhat  defective,  as,  for  instance, 
in  joints  ;  and  the  working  instruments  have  to  be  so  constructed  as 
to  work  with  feeble  currents,  and  not  be  disturbed  in  their  action  by 
the  discharge  currents  in  the  line-wire,  which  must  of  necessity 
follow  every  charging  current. 

Different  insulating  materials  possess  different  specific  capacities 
for  charge,  and  that  material,  or  combination  of  materials,  is  the  best 
which  combines  the  least  power  of  induction  with  the  least  conduc¬ 
tivity  (or  highest  insulating  property),  and  with  the  least  liability  to 
defect  arising  either  during  manufacture,  by  exposure  to  a  tropical 
heat,  by  rough  usage,  or  by  long  exposure  in  sea-water. 
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The  external  coating  should  be  of  a  nature  not  only  to  afford  the 
necessary  protection  to  the  insulated  wire  when  first  laid  down,  but 
should  be  calculated  to  resist  the  corrosive  action  of  the  sea  for  a 
great  number  of  years. 

The  practical  success  of  the  first  submarine  cable,  which  was  laid 
between  Dover  and  Calais  in  the  autumn  of  1851  by  Messrs.  Collins 
&  Crampton,  has  hitherto  led  to  the  adoption  of  the  same  general 
construction  of  cable  for  all  latitudes  and  depths ;  but  it  is  to  be 
hoped  that  the  same  error  will  not  be  repeated  in  future.  For  a 
short  cable  in  our  moderate  climate  the  construction  of  the  Dover 
and  Calais  cable  leaves  nothing  to  be  desired,  except  that  the  iron 
sheathing  should  be  guaranteed  against  corrosion  by  some  external 
covering  ;  but  the  same  laid  down  in  the  Red  Sea,  subject  to  a  higher 
temperature,  to  more  active  corrosion,  and  beyond  reach  of  easy 
repairs,  would  long  have  passed  away  as  a  failure. 

Those  who  are  desirous  of  informing  themselves  respecting  the 
experience  and  knowledge  brought  to  bear  upon  the  subject  of  sub¬ 
marine  cables,  except  during  the  last  twelve  months,  will  find  very 
valuable  and  complete  information  in  the  blue-book  entitled  “  Report 
of  the  Joint  Committee  appointed  by  the  Lords  of  the  Committee  of 
Privy  Council  for  Trade,  and  the  Atlantic  Telegraph  Company,  to 
inquire  into  the  construction  of  Submarine  Telegraph  Cables,  1861.” 
Our  present  office  is  simply  to  notice  the  cables  put  before  us  at  the 
Great  Exhibition. 

Messrs.  Glass,  Elliott,  &  Company  exhibit  an  assortment  of  speci¬ 
mens  of  the  numerous  cables  which,  with  two  exceptions,  resemble 
in  point  of  construction  the  Dover  and  Calais  type.  The  two  ex¬ 
ceptions  are  the  Toulon  and  Algiers  deep-sea  cable,  and  the  cable 
connecting  England  with  the  Isle  of  Man.  In  the  former  each  iron 
wire  forming  the  sheathing  was  covered  with  spun-yarn  steeped  in 
tar,  with  a  view  of  protecting  the  iron  against  corrosion  ;  but  it  has 
been  found  that  the  hemp  was  rapidly  eaten  by  the  Xylopliaga , 
leaving  the  iron  only  the  more  exposed  to  the  corrosive  action  of 
the  sea.  The  Isle  of  Man  cable  was  sheathed  in  the  ordinary  way, 
thereupon  covered  with  spun  yarn,  and  finally  passed  through  a  bath 
of  asphalt  under  the  direction  of  Mr.  Latimer  Clark.  This  outer 
covering  has  afforded  good  protection  to  the  iron ;  but  it  remains 
to  be  seen  whether  it  would  do  also  in  southern  seas,  where  the 
Xylopliaga  abound.  The  great  bulk  of  this  outer  coating  would 
make  it  less  applicable,  moreover,  for  long  submarine  lines,  owing 
to  the  difficulty  of  providing  sufficient  accommodation  in  the  ship’s 
hold.  Among  the  specimens  exhibited  by  Messrs.  Glass,  Elliot,  & 
Company  is  one  of  the  Malta  and  Alexandria  cable,  which  was  laid 
down  by  them  during  the  summer  of  1861  on  behalf  of  the  British 
government,  and  which  has  since  continued  to  work  well.  The  con¬ 
struction  of  this  cable  differs  from  others  only  in  the  comparatively 
large  size  of  the  conductor,  and  in  the  mode  of  insulating  the  same  ; 
the  gutta-percha  having  been  put  on  in  four  layers,  with  intervening 
films  of  Chatterton’s  compound,  under  a  stringent  system  of  tests 
applied  by  the  writer  on  behalf  of  the  Government.  Owing  to  these 
and  other  precautionary  measures,  a  much  higher  state  of  insulation 
has  been  attained  than  formerly ;  and  the  working  instruments  sup¬ 
plied  by  Messrs.  Siemens,  Halske,  &  Company  being  so  arranged  that 
eight  Daniell’s  cells  suffice  for  working  the  line,  it  may  be  expected 
that  it  will  continue  to  work  satisfactorily  for  three  or  four  years, 
when  the  iron  sheathing  will  have  been  corroded,  involving  partial 
failure  of  the  line. 

Mr.  W.  T.  Henley  exhibits  specimens  of  cables  of  his  manufac¬ 
ture,  consisting  as  usual  of  copper  strand  covered  with  gutta-percha, 
and  protected  by  an  iron  spiral  sheathing. 

In  the  French  department  M.  Rattier  exhibits  specimens  of  ordi¬ 
nary  sheathed  cable,  presenting  no  particular  feature  of  interest. 

We  do  not  observe  any  specimens  exhibited  by  Messrs.  Newall  & 
Company,  or  by  the  German  cable  manufacturers,  Messrs.  Felten 
and  Guilleaume. 
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The  Gutta-percha  Company  exhibit  specimens  of  their  beautifully 
perfect  mnnufacture.  In  putting  multiple  coatings  of  their  purified 
or  special  gutta-percha  upon  telegraphic  conductors,  a  very  high 
degree  of  insulation,  and  even  a  lower 
specific  induction  than  formerly  has  been 
obtained;  and  considering,  also,  its  splen¬ 
did  behaviour  in  sea-water,  it  seems 
highly  probable  that  gutta  percha  will 
long  continue  to  hold  a  high  position 
as  an  insulating  material,  india-rubber 
stepping  in  probably  as  an  auxiliary  to 
add  its  own  peculiar  and  valuable  pro¬ 
perties  to  the  covered  wire. 

Messrs.  Silver  &  Company  exhibit 
specimens  of  their  india-rubber  covered 
wire.  Their  process  consists  in  lapping 
india-rubber  spirally  upon  the  wire,  and 
exposing  it  to  the  action  of  boiling  water 
for  the  purpose  of  consolidating  the  cover¬ 
ing;  the  consolidating  action  being  due  to 
a  peculiar  property  of  india-rubber  to 
become  cohesive  or  sticky  when  heated. 

Pure  india-rubber  possesses  the  highest 
insulating  and  the  lowest  inductive  pro¬ 
perty  of  all  the  known  gums,  and  is  on 
that  account  the  best  material  that  could 
be  used  for  covering  telegraph  conductors; 
its  extraordinary  tenacity,  and  its  power 
to  resist  even  the  boiling  degree  of  tem¬ 
perature,  are  also  properties  which  favour 
its  application.  India-rubber  has,  how¬ 
ever,  also  its  drawbacks  as  an  insulator. 

Not  being  a  plastic  material,  it  cannot  be 
put  upon  the  wire  in  uniform  layers  like 
gutta-percha;  and  in  following  Messrs. 

Silver’s  process  of  lapping  and  curing, 
the  overlapping  surfaces  are  not  always 
so  securely  soldered  together  as  to  exclude 
the  possibility  of  water  entering  between 
them.  Moreover,  india-rubber  absorbs 
water  more  freely  than  gutta-percha, 
and  when  exposed  to  sea- water  for  a  great 
length  of  time,  becomes  slimy  on  its  sur¬ 
face  and  gradually  wastes.  The  peculiar 
property  of  some  descriptions  of  india- 
rubber  to  turn  into  a  viscid  liquid  upon  the 
copper  wire,  has  also  been  urged  against 
its  application;  but  from  long  observation 
the  writer  is  satisfied  that  this  peculiar 
change  does  not  take  place  when  the 
india-rubber  covered  wire  is  excluded 
from  atmospheric  influence,  as  it  un¬ 
doubtedly  is  at  the  bottom  of  the  sea. 

Messrs.  Siemens,  Halske,  &  Company 
exhibit  a  process  and  specimens  of  tele¬ 
graphic  conductor  (Fig.  699)  covered 
first  by  india-rubber  by  a  peculiar  process 
patented  by  C.  W.  Siemens,  and  there¬ 
upon  with  gutta-percha  by  the  ordinary 
die  process.  This  process  of  covering  is  Siemen’s  Submarine  Cable, 
based  upon  a  remarkable  property  of 

india-rubber  to  cohere  instantly  and  perfectly  when  two  fresh  cut 
surfaces  are  pressed  together  even  at  ordinary  temperatures.  The 
machine  employed  for  this  purpose  consists  of  two  grooved  steel 
discs  and  two  circular  shears  acting  against  the  sides  of  one  of  the 
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discs.  The  wire  to  be  covered  and  two  strips  of  india-rubber  are 
guided  through  this  machine,  which  first  closes  the  india-rubber 
strips  upon  the  wire;  then  an  instant  later  the  two  circular  shears 
sever  the  superfluous  rubber;  and  at  the  next  instant  the  fresh-cut 
edges  produced  by  the  severance  are  joined  under  the  rolling  pres¬ 
sure  between  the  flanges  of  the  two  grooved  rollers,  a  complete 
tubular  covering  with  two  slight  longitudinal  seams  being  the  result 
of  the  operations.  Two  or  more  coverings  of  this  description  are 
sometimes  put  upon  the  wire  in  succession,  the  machines  being  so 
placed  against  each  other  that  the  longitudinal  seams  of  successive 
coverings  fall  over  at  right  angles  to  each  other. 

The  india-rubber  covering  thus  produced,  being  perfectly  smooth, 
admits  of  being  covered  with  gutta-percha  by  the  die  process,  for 
the  purpose  of  affording  protection  to  the  same. 

The  outer  covering  of  these  cables  is  peculiar,  consisting,  in  the 
first  place,  of  hemp  string  steeped  in  tar  laid  on  in  long  spirals 
under  considerable  tension,  and  covered  in  their  turn  with  a  flexible 
sheathing  of  copper  or  bronze  put  on  under  the  influence  of  great 
pressure;  so  that  the  successive  turns  of  copper  are  socketted  one  into 
the  other,  producing  an  appearance  resembling  the  scales  of  a  fish. 
In  making  cables  for  shallow  waters  on  this  plan,  it  is  proposed  to 
adopt  also  a  sheathing  of  iron  or  steel  wire  between  the  layers  of 
hemp  ;  but  for  deep-sea  cables  it  is  thought  sufficient  to  rely  on  the 
strength  of  the  hemp  string  under  its  complete  armour,  which  is 
considerable.  Short  lengths  of  this  cable  have  been  laid  down  by 
way  of  trial,  under  various  circumstances. 

Mr.  T.  Allan  exhibits  his  construction  of  submarine  cables, 
which  differs  from  all  others  in  this,  that  he  puts  an  iron  or  steel 
sheathing  upon  the  copper  conductor,  and  the  insulating  covering 
upon  that.  By  this  means  he  profits  by  the  conductivity  of  the  steel 
or  iron  wire ;  but,  on  the  other  hand,  increases  his  inductive  sur¬ 
face.  An  outer  sheathing  is,  moreover,  necessary,  not  only  to  give 
longitudinal  strength,  but  also  to  afford  protection  to  the  insulating 
material  against  abrasion  and  the  inroads  of  animals. 

Mr.  Duncan  exhibits  a  cable  of  the  ordinary  construction,  in 
which  the  iron  is  replaced  by  Indian  cane,  which  is  said  to  possess 
great  strength,  and  to  resist  the  tooth  of  the  Xylophaga.  Suppos¬ 
ing  this  to  be  the  case,  and  supposing  also  that  the  material  can  be 
procured  in  sufficient  quantities,  it  would  be  necessary  to  add  weight 
to  the  cable  in  order  to  make  it  sink  fairly  to  the  bottom. 

Messrs.  Hall  &  Wells  exhibit  specimens  of  cables  insulated  by 
india-rubber  laid  on  spirally,  and  covered  with  hemp  and  iron  wire 
in  various  combinations.  The  india-rubber  covering  of  Messrs. 
Hall  &  Wells  is  not  consolidated,  but  depends  simply  upon  the 
tightness  of  the  lap  to  exclude  the  sea-water. 

Mr.  Hooper  exhibits  specimens  of  wire  covered  with  vulcanized 
india-rubber,  which  material  also  possesses  excellent  insulating  pro¬ 
perties  ;  but  it  remains  to  be  seen  whether  it  can  be  put  on  in 
sufficient  lengths  without  faults,  as  it  has  to  be  subjected  to  consider¬ 
able  heat  in  a  semifluid  state.  Moreover,  the  vulcanized  india- 
rubber  is  difficult  to  join  ;  but  the  most  serious  objection  to  its 
adoption  is  the  chemical  action  it  exercises  upon  the  copper  con¬ 
ductor,  a  sulphuret  of  copper  being  formed,  which  spreads  through 
the  mass,  rendering  it  conductive  of  electricity.  It  is  said,  however, 
that  Mr.  Hooper  has  found  means  of  preventing  this  chemical  action 
by  some  intermediate  coating  which  is  impervious  to  sulphur. 

Mr.  Benjamin  Sharpe  also  exhibits  specimens  of  cables  in  which 
iron  wire  is  laid  on  longitudinally,  instead  of  spirally,  as  is  usual, 
to  obtain,  as  he  contends,  greater  longitudinal  strength,  at  the 
expense,  it  might  be  suggested,  of  pliability. 

The  telegraphic  instruments  exhibited  may  be  divided  as  follows: — 

I.  Needle  and  acoustic  instruments. 

II.  Step-by-step  and  railway  instruments. 

III.  Recording  and  printing  instruments. 

IV.  Testing  instruments,  and  miscellaneous  apparatus. 


In  each  class  the  exhibitors  are  arranged  alphabetically,  without 
distinction  of  country. 

I.  NEEDLE  AND  ACOUSTIC  INSTRUMENTS. 

The  acoustic  telegraph  of  Messrs.  Bright,  now  extensively  employed 
by  the  British  and  Irish  Magnetic  Telegraph  Company,  is  conspicuous 
amongst  the  number  of  objects  they  exhibit.  It  consists  of  two 
bells  of  different  tone,  placed  on  two  pillars,  one  on  each  side  of  the 
operator,  and  struck  by  a  hammer  attached  to  the  armature  of  their 
electro- magnets.  The  circuit  of  one  bell  is  closed  in  a  relay  when 
a  negative,  and  that  of  the  other  when  a  positive  current  traverses 
the  line,  consequent  upon  the  depression  of  one  of  two  finger  keys, 
which  are  capable  of  very  rapid  manipulation.  The  advantages 
obtained  by  the  application  of  these  instruments  are  stated  to  be — a 
gain  of  time,  the  signals  being  assimilated  to  the  Morse  code,  one 
bell  denoting  the  dots,  and  the  other,  by  equally  short  signals,  the 
dashes ;  and  the  saving  of  a  clerk  at  each  station,  inasmuch  as  the 
same  person  who  hears  the  message  can  write  it  down,  whereas 
two  persons  are  necessary  for  reading  aud  recording  a  message 
received  by  the  needle  telegraph. 

Specimens  of  the  needle  telegraph  are  exhibited  by  the  British 
and  Irish  Magnetic  Telegraph  Company  (2864),  by  Mr.  W.  T.  Henley 
(2908),  and  Messrs.  Reid  Brothers  (2949) ;  the  two  former  worked 
by  magnetic  electricity.  These  instruments,  being  simply  modifi¬ 
cations  of  Wheatstone’s  Original  Needle  Telegraph,  are  familiar  to 
the  reader  from  the  very  fact  of  their  longevity,  and  may  be,  there¬ 
fore,  passed  over  without  comment. 

II.— STEP-BY-STEP  AND  RAILWAY  INSTRUMENTS. 

Dial  or  Alphabetical  Telegraphs  are  well  represented  in  the 
English  and  French  departments,  with  the  remarkable  difference, 
that  out  of  five  English  exhibitors,  four  employ  magneto-electric 
currents  as  their  motive  power,  while  the  instruments  in  the  French 
Court  are  all  worked  w7ith  batteries. 

In  Germany,  electro-magnetic  dial  instruments  have  been  used 
for  many  years,  while  in  this  country  they  have  attained  an  extra¬ 
ordinary  degree  of  development  and  application  within  the  last  few 
years,  by  the  introduction  of  the  Private  Telegraph,  which  does 
not  exist  on  the  continent. 

MAGNETO  -  ELECTRICAL  INSTRUMENTS.— Mr.  Henley  (2908) 
shows  this  kind  of  instrument.  It  consists  of  two  parts,  the  trans¬ 
mitter  and  the  receiver.  In  the  former,  two  horizontal  brass 
wheels,  placed  at  some  distance  one  above  the  other,  having  26 
pieces  of  soft  iron  attached  to  their  peripheries,  so  arranged  as  to 
break  joint,  can  be  made  to  revolve  close  before  the  poles  of  a 
compound  horse-shoe  permanent  magnet,  which  contain  an  electro¬ 
magnet  between  them.  The  revolution  of  this  double  wheel  with 
its  soft  iron  pieces,  effects  an  alternate  connection  between  the 
poles  of  the  permanent  with  those  of  the  electro-magnet;  the 
polarity  of  the  latter  is  thereby  continually  reversed,  and  a  series 
of  opposite  currents  generated.  In  this  way  an  entire  revolution 
produces  26  currents  alternately  in  opposite  directions.  The  dial 
of  the  transmitting  apparatus  is  stationary  on  the  stud,  on  which  the 
double  wheel  is  made  to  revolve  by  means  of  the  handle.  On 
being  turned  from  left  to  right,  a  pointer  attached  to  the  handle 
denotes  in  succession  the  letters  and  figures  inscribed  on  the 
circumference  of  the  dial,  while  the  currents,  induced  as  above 
described,  effect  a  simultaneous  rotation  of  the  hands  of  the  receiv¬ 
ing  dials  in  circuit. 

The  receiving  part  comprises  a  small  electro-magnet,  parallel  to 
the  plane  of  the  receiving  dial,  the  poles  having  attached  to  them 
two  fork-shaped  flat  pieces  of  iron  in  close  proximity  to  each  other. 
In  the  slot  thus  formed  oscillates  a  magnetic  needle,  with  a  pair 
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of  pallets  at  its  upper  extremity;  these  act  direct  upon  a  toothed 
wheel,  which  carries  the  pointer,  and  imparts  to  it  a  step-by-step 
motion.  While  receiving,  the  coils  of  the  transmitter  are  thrown 
out  of  circuit,  and  provision  is  made  for  the  adjustment  of  the 
receiver  should  it  go  wrong. 

Of  this  arrangement  a  modification  is  exhibited;  a  wheel  with  13 
segmental  pieces  of  soft  iron  on  its  lower  surface  revolves  in  close 
proximity  over  the  poles  of  a  permanent  magnet,  communicating 
thereby  alternate  polarity  to  the  electro-magnet  between  the  poles 
of  the  horse-shoe.  The  indicator  contains  two  semicircular  pieces 
of  soft  iron,  so  attached  to  the  poles  of  an  electro-magnet  that  their 
ends  nearly  meet;  in  the  space  thus  formed,  a  light  magnetic  bar 
oscillates  upon  an  axis. 

Upon  the  passage  of  alternate  currents  through  the  coils  of  the 
electro-magnet,  four  poles  are  created,  which,  after  every  reversal 
of  polarity,  at  once  attract  and  repel  those  of  the  magnetic  bars, 
and  a  motion  ensues  which  is  transferred  by  the  escapement  to  the 
revolving  index  on  the  dial.  A  ratchet  is  added  round  the  dial  of 
the  transmitter  for  the  handle  to  drop  into,  for  the  purpose  of  stop¬ 
ping  opposite  the  required  letter. 

Another  variation  of  the  letter-showing  telegraph,  which,  although 
less  convenient  in  its  manipulation,  and  avowedly  slower  in  its 
action,  is  likely  to  be  more  powerful  than  the  two  foregoing.  It 
consists  of  a  horse-shoe  magnet  and  an  electro-magnet,  similar 
to  that  just  described,  placed  on  end,  with  an  oscillating  lever  and 
two  pieces  of  soft  iron  attached  to  it.  The  lever  has  to  he 
depressed  thirteen  times  (being  returned  by  a  spring)  to  produce 
one  revolution  in  the  receiving  dial.  An  alarm  can  be  combined 
with  each  of  these  apparatus.  The  principle  of  Mr.  Henley’s  in¬ 
struments  is  ingenious,  and  the  instrument  seems  well  adapted  for 
local  communication;  but  it  appears  very  doubtful  whether  his  com¬ 
municators  are  capable  of  emitting  sufficient  power  to  insure  safety 
of  transmission  upon  longer  lines,  or  even  upon  short  lines  under 
unfavourable  circumstances,  such  as  defective  insulation,  or  with 
intermediate  instruments  in  circuit. 

Lippens,  P. — The  instruments  of  Mr.  Lippens  (351,  Belgium)  con¬ 
sist  of  a  small  stationary  coil  with  a  movable  core,  having  a  soft 
iron  cross  fixed  to  each  end.  Two  permanent  horse-shoe  magnets 
are  so  arranged  that  the  four  arms  of  the  cross  pass  in  rotation  in 
front  of  their  poles,  of  which  the  dissimilar  ones  are  placed  within  a 
short  distance  opposite  each  other. 

Each  revolution  of  the  cross  developes  eight  currents  in  opposite 
directions,  of  which  four  are  short-circuited,  and  the  remaining  four 
sent  into  the  line. 

The  receiving  instrument  contains  a  permanently  magnetic  keeper 
between  two  horizontal  electro-magnets,  which  works  an  escapement 
similar  to  that  of  the  French  railway  telegraph. 

Messrs.  Siemens,  Halske,  &  Company,  of  London  (2959),  exhibit 
two  alphabetical  telegraphs  in  action.  Similar  instruments  were 
originally  designed  and  carried  out  for  the  Bavarian  Government 
in  1857,  and  have  since  been  extensively  adopted  in  Germany, 
Sweden,  Russia,  Turkey,  and  elsewhere. 

The  transmitter  consists  of  a  vertical  soft  iron  cylinder  with  two 
deep  longitudinal  grooves  opposite  one  another,  which  make  its 
section  resemble  that  of  a  double  T-iron.  These  grooves  are  filled 
with  the  induction  coil  wound  in  a  longitudinal  direction,  and  pro¬ 
tected  by  brass  plates,  and  the  whole  is  made  to  revolve  between 
the  poles  of  a  series  of  permanent  horse-shoe  magnets  placed  at 
some  distance  one  above  the  other.  A  series  of  currents,  positive  and 
negative,  are  generated  in  the  surrounding  coil  in  consequence  of  the 
reversal  of  polarity  in  the  soft  iron,  which  occurs  with  every  half 
revolution.  In  order  to  transmit  a  message  the  handle  of  the  trans¬ 
mitter  has  to  be  slightly  lifted,  turned  from  left  to  right  towards  the 
letter  to  be  telegraphed,  and  rested  against  the  corresponding  inci¬ 
sions  on  the  circumference  to  facilitate  manipulation ;  every  advance 


of  the  handle  from  one  letter  to  the  next  is  equivalent  to  half  a 
revolution  of  the  induction  coil. 

The  indicator  is  based  upon  the  principle  of  the  polarized  relay, 
as  first  exhibited  by  Messrs.  Siemens  &  Halske  of  Berlin  in  1851. 
It  consists  of  a  lever  balanced  midway  between  the  similar  poles 
of  a  small  electro-magnet  which  is  kept  permanently  magnetized 
by  one  end  of  the  steel  magnet,  the  other  end  of  which  imparts 
opposite  polarity  to  the  lever.  A  succession  of  alternate  currents 
has  the  effect  of  destroying  or  reversing  the  polarity  of  one  pole 
of  the  electro-magnet  while  adding  to  that  of  the  other,  and  vice 
versa,  which  causes  the  lever  to  be  alternately  attracted  by  one 
pole,  and  at  the  same  time  repulsed  by  the  other,  in  rapid  succes¬ 
sion  ;  the  moment  the  current  ceases  the  lever  is  maintained  in 
its  position  by  the  recurring  magnetism  of  the  permanent  magnet. 
The  upper  part  of  the  lever  is  formed  into  an  escapement  of  a  pecu¬ 
liar  construction,  causing  the  rotation  of  the  index  to  be  in  accordance 
with  the  number  of  impulses  given  to  the  electro-magnet.  A  mechan¬ 
ism  is  provided  by  which  the  index  is  arrested  when  at  zero,  in  order 
to  restore  coincidence  between  the  former  and  the  handle  of  the 
transmitter  should  this  be  necessary;  the  coil  of  the  latter  is  thrown 
out  of  the  receiving  circuit  by  a  self-acting  mechanism. 

These  instruments  have  the  advantage  of  combining  great  power 
and  certainty  of  action  with  easy  and  simple  manipulation,  and 
appear,  combined  with  their  alarm  (which  is  constructed  on  the 
principle  of  the  indicator,  and  without  clockwork),  to  be  well  suited 
for  railway,  military,  and  private  communication. 

The  alphabetical  telegraph  of  Messrs.  Siemens  &  Halske  (Prussia, 
No.  1413),  shows  an  alteration  in  the  transmitting  part  as  compared 
with  the  original  construction  adapted  for  shorter  circuits. 

Ten  permanent  bar  magnets,  with  their  poles  alternately  reversed, 
are  fixed  at  equal  intervals  near  the  margin  of  a  common  circular 
base  plate.  Over  the  alternate  north  and  south  pole  thus  formed 
an  equal  number  of  small  electro-magnets  are  made  to  rotate,  the 
coils  of  which  are  connected  to  earth  and  line,  respectively.  Every 
advance  of  the  handle  on  the  dial  from  one  letter  to  the  next  occa¬ 
sions  a  forward  motion  of  each  electro-magnet  from  the  pole  beneath 
on  to  the  next,  which  causes  a  current  in  an  opposite  direction  to 
that  of  the  foregoing  motion.  The  rest  of  the  mechanism  of  sender 
and  receiver  remains  just  the  same  as  described  in  the  arrange¬ 
ment  of  Messrs.  Siemens,  Halske,  &  Company’s  dial  telegraph. 

Wheatstone. — Grouped  by  the  side  of  two  maps,  one  of  London 
and  the  other  of  Glasgow,  which  show  in  a  conspicuous  manner  the 
extension  of  their  lines,  we  find  the  recent  inventions  of  Professor 
Wheatstone  exhibited  by  the  Universal  Private  Telegraph  Company 
(2978).  A  liberal  display  of  these  elegant  instruments  is  accom¬ 
panied  by  a  model,  representing  the  mode  of  suspending  the 
multiple  cable  of  the  company,  which  crosses  the  thoroughfares 
and  housetops  of  this  metropolis,  the  silent  and  private  messenger 
of  many. 

In  the  alphabetical  telegraph  of  Professor  Wheatstone  the  com¬ 
municator  (Fig.  700)  consists  of  a  small  box  with  a  dial  divided  into 
30  equal  spaces  marked  with  the  26  letters  of  the  alphabet,  the  three 
marks  of  punctuation,  and  a  cross.  An  inner  circle  has  the  nine 
ciphers  twice  repeated,  and  a  cross.  A  hand  from  the  centre  of  the 
dial  rotates  by  mechanism,  and  points  at  the  will  of  the  operator  to  the 
letter  or  figure  required.  Round  the  circumference  of  this  lettered 
dial  are  a  number  of  small  keys  corresponding  to  the  number  of 
divisions  on  the  dial,  which  can  be  depressed  by  the  finger  of  the 
operator,  resembling  Messrs.  Siemens  &  Halske’s  original  finger- 
key  arrangement. 

When  a  key  is  depressed,  the  passage  of  the  current  through  the 
line  is  cut  off,  and  a  short  circuit  with  the  earth  made  instead,  so 
long  as  the  depression  lasts.  An  ingenious  mechanical  contrivance 
is  a  small  circular  chain  placed  horizontally  under  the  keys,  which 
becomes  slightly  bulged  in  where  a  key  is  depressed  ;  hut  on  being 
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acted  upon  in  another  place  by  another  key,  yields  to  the  new  pres¬ 
sure,  and  straightens  at  the  former  place,  thereby  elevating  the  key 
that  was  depressed  before,  and  restoring  the  electrical  circuit. 

The  interior  of  the  box  contains  a  compound  horse-shoe  magnet, 
placed  horizontally,  carrying  on  the  front  of  each  of  its  poles  two 
electro-magnets,  one  above  the  other,  their  centres  occupying 
the  four  corners  of  a  square.  An  axis  through  the  middle  of  this 
imaginary  square  carries  a  soft  iron  armature,  which  can  he  made 
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and  by  it  to  a  short  vertical  arm  carrying  a  small  escapement  wheel 
of  fifteen  teeth,  and  the  pointer  on  the  dial ;  the  latter  receives  its 
step-by-step  motion  by  the  working  to  and  fro  of  the  escapement 
wheel  against  fixed  stops  or  pins.  This  escape  movement  is  some¬ 
what  similar  to  that  employed  in  Siemens  &  Halske’s  Dial  Instrument, 
with  this  difference,  that  on  the  latter  the  wheel  is  stationary  and 
the  stops  move.  The  whole  of  the  arrangements  are  as  ingenious 
as  their  mechanical  construction  is  creditable ;  the  apparatus  oc- 


Fig.  700. 


Wheatstone’s  Private  Telegraph  Communicator. 


Fig. 701. 


Wheatstone's  Indicator, 


to  revolve  in  close  proximity  to  the  soft  iron  cones  of  the  electro¬ 
magnet  by  means  of  a  handle  outside  the  instrument.  The  arma¬ 
ture  connects  two  of  the  four  electro-magnets,  i.e.,  two  corners  of 
the  square,  four  times  during  one  entire  revolution ;  and  as  the 
electro-magnets  diagonally  opposite  to  each  other  derive  opposite 
polarity  from  the  permanent  horse-shoe  magnet,  a  current  is  induced 
in  their  coils  each  time  the  armature  approaches,  and  another  upon 
its  receding. 

A  continuous  rapid  rotation  of  the  armature  is  thus  productive  of 
a  succession  of  currents  of  opposite  directions  passing  through  the 
instrument,  and  along  the  line  to  the  distant  station,  unless  they  are 
interrupted  and  short-circuited  by  the  depressed  key.  The  short 
circuit  is  made  by  means  of  a  loose  carrier  arm,  which  revolves 
conjointly  with  the  pointer  on  the  dial,  and  is  thrown  in  or  out  of 
gear  by  the  depression  or  elevation  of  a  key.  The  motion  is  so 
adjusted  that  for  every  separate  current  induced  in  the  coils — that 
is,  for  every  quarter  revolution  of  the  armature — the  hand  shall 
move  through  the  breadth  of  one  space  or  letter  on  the  dial ;  were 
the  keys  therefore  depressed  in  succession  they  would  each  liberate 
one  current,  or  thirty  distinct  currents  during  one  entire  revolution 
of  the  hand  on  the  dial — fifteen  in  one  direction,  and  fifteen  in  the 
opposite  direction. 

The  indicator  has  a  dial  fitted  with  a  light  movable  hand,  like 
that  of  a  watch.  Its  shape,  as  shown  by  Fig.  701,  is  that  of  a 
truncated  sphere  supported  in  bearings  on  two  pillars,  so  that  its 
face  may  be  placed  in  any  position  convenient  for  the  observer. 

The  electro-magnets  in  the  interior  are  so  combined  that  the  alter¬ 
nating  currents  emanating  from  the  communicator,  while  producing 
as  many  reversals  of  their  polarity,  cause  them  to  mutually  attract 
and  repulse  the  four  extremities  of  two  magnetic  bars  attached  to 
an  axis.  An  oscillating  motion  is  thereby  imparted  to  the  latter, 


copies  but  a  very  small  compass,  and  the  extreme  delicacy  of  the 
receiving  instrument  renders  it  possible  to  work  the  apparatus  with 
considerable  certainty  through  moderate  circuits. 

Added  to  the  indicator  is  the  alarm,  which  is  placed  in  circuit 
when  the  lever,  visible  in  thepgure,  points  to  A.  It  is. released  by 
means  of  an  arrangement  of  electro-magnets  similar  to  that  described 
with  reference  to  the  indicator,  and  so  connected  that  the  first  cur¬ 
rents  transmitted  through  the  circuit  will  cause  the  bells  at  both  ends 
of  the  line  to  sound. 

A  modification  of  this  instru¬ 
ment  is  also  exhibited,  intended 
for  railway  service,  in  which  the 
motion  imparted  to  the  dial  by 
hand  is  made  to  produce  the 
working  magneto-electric  cur¬ 
rents.  This  apparatus  has  com¬ 
parative  cheapness  in  its  favour, 
at  the  expense,  however,  we 
submit,  of  efficiency. 

Wilde,  H.  (2992).  In  the 
Dial  Telegraph  (Fig.  702),  of 
which  Mr.  Wilde  is  the  exhib¬ 
itor,  the  mechanism  of  both  the 
indicator  and  alarm  is  inclosed  in  a  spherical  metal  case  a  little 
more  than  three  inches  in  diameter,  the  former  occupying  the  upper, 
and  the  latter  the  lower  hemisphere. 

The  power  for  propelling  the  index  is  created  in  four  small,  horse¬ 
shoe  electro-magnets,  two  of  which  are  placed  on  either  side  of  an 
axis,  with  their  similar  poles  above  each  other,  and  opposing  dis¬ 
similar  poles  to  those  on  the  other  side  of  the  axis.  The  latter 
carries  two  compound  needles,  each  composed  of  three  diminutive 


Wilde’s  Dial  Telegraph. 
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magnetic  bars  parallel  to  and  at  some  distance  from  one  another  ; 
these  are  placed  with  their  similar  poles  in  opposite  directions,  so 
that  each  needle  is  acted  upon  by  the  four  halves  of  the  four  electro¬ 
magnets  attracting  and  repelling  in  concert. 

The  axis  is  vertical  upon  the  dial,  and  has  fixed  upon  it  a  pallet 
playing  between  the  teeth  of  two  star-wheels,  one  of  which  carries 


Fig.  703. 


Breguet’s  Electro-magnetic  Dial  Instrument. 


the  pointer  on  the  dial.  The  motion  of  one  wheel,  while  the  pallet 
is  propelling  the  other,  is  secured  by  two  toothed  wheels  fixed  on 
the  arbors  of  the  star  wheels  and  geared  together,  so  that  every  half 
oscillation  of  the  pallet  causes,  either  directly  or  indirectly,  the 
pointer  to  advance  one  division  on  the  dial. 

Mr.  Wilde  exhibits  two  forms  of  his  transmitting  instrument  for 
working  the  above.  In  one  the  current  is  generated  by  the  revolu- 


file 

Receiving  Instrument — Front  View. 


tioD  of  two  soft  iron  armatures,  crossed  at  right  angles,  before  the 
dissimilar  poles  of  two  parallel  bar  magnets.  The  armatures  are 
mounted  on  each  end  of  an  arbor,  with  a  screw  cut  on  its  circum¬ 
ference,  to  which  a  rapid  revolution  is  imparted  by  the  sliding  to 
and  fro  of  a  nut  which  communicates  with  the  manipulator  through 
a  slit  in  the  top  of  the  case.  A  fixed  proportion  of  one  to  four 


exists  between  the  number  of  revolutions  effected  by  the  passage  of 
the  nut  from  one  end  of  the  slit  to  the  other,  and  the  divisions  on 
each  of  its  sides  containing  the  alphabet.  The  requisite  number  of 
currents  for  producing  the  signals  are  then  furnished  by  pushing  a 
knob,  attached  to  the  nut  beneath,  towards  the  letter  required,  and 
arresting  it  there  by  means  of  a  small  peg  inserted  in  a  hole 


Fig. 705. 


Receiving  Instrument — Back  View. 


opposite  the  same,  then  taking  the  peg  out  and  inserting  it  opposite 
the  next  letter  to  be  telegraphed,  and  so  forth.  In  conformity  with 
the  fact  that,  for  the  backward  and  forward  motions  of  tbe  trans¬ 
mitting  knob  there  is  but  one  direction  in  which  the  indicator 
rotates,  the  alphabet  is  to  be  read  twice,  once  from  right  to  left  for 


Fig.  706. 


one  direction  of  the  knob,  and  a  second  time  from  left  to  rjght 
during  its  return. 

This  form  of  the  instrument  seems  to  be  rather  inconvenient,  and 
little  promising  as  regards  speed. 

The  other  transmitter  is  inclosed  in  a  circular  case,  as  represented 
in  the  engraving,  with  finger  keys  and  an  armature  driven  by 
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means  of  a  treadle.  The  magnets  are  placed  one  above  the  other, 
and  present  four  poles,  before  ■which  a  piece  of  soft  iron  rotates. 
The  depression  of  a  key  arrests  an  arm  revolving  simultaneously 
with  the  pointer  on  the  dial,  which  arm  in  its  turn  arrests  the 
armature ;  the  motion  of  the  treadle  is,  however,  continued,  so  that 
upon  the  raising  of  the  key  the  armature  is  started  into  sufficiently 
rapid  rotation. 

These  instruments  work  well  in  the  room,  and  will  do  so  in  all 
probability  for  short  line  wire  circuits. 

ELECTRO -MAGNETICAL  INSTRUMENTS.— M.  Brequet  (1413), 
MM.  Mouilleron  &  Vinay  (1438),  of  Paris,  exhibit  the  French 
electro-magnetic  dial  instrument  as  at  present  in  general  use  on  the 
railways  in  that  country.  The  receiving  instrument  is  represented  in 
Fig.  704,  being  the  front  view,  and  Fig.  705  the  view  from  behind. 

The  index  in  front  of  the  dial  is  driven  by  clockwork,  and  receives 
its  step-by-step  motion  from  the  interposition  of  an  oscillating  pallet 
alternately  between  the  inclined  teeth  of  two  escapement  wheels, 
mounted  close  together  on  the  same  axis.  The  pallet  derives  its 
motion  from  the  alternate  attraction  and  release  of  an  armature 
under  the  influence  of  the  line  current,  so  that  a  succession  of 
thirteen  currents,  separated  by  as  many  intervals,  produce  a  revolu¬ 
tion  of  the  hand  upon  the  dial. 

When  transmitting,  the  handle  of  the  transmittor  is  lifted  slightly 
before  turning  round,  and  put  down  into  the  incision  opposite  the 
letter  to  be  telegraphed.  A  disc,  with  a  bevilled  groove  underneath, 
imparts  a  vibratory  motion  to  a  lever,  which  makes  and  breaks 
contact  with  the  battery.  It  is  stated  that  a  speed  of  one  hundred 
letters  per  minute  can  be  obtained,  although  the  ordinary  working 
speed  is  generally  estimated  at  sixty  to  seventy  letters  only. 

The  alarum  (Fig.  706)  generally  accompanies  the  above  telegraph. 
The  attraction  of  an  armature  liberates  the  clockwork,  which  puts  in 
motion  a  disc  with  an  eccentric  crank,  thereby  causing  a  to-and-fro 
motion  in  the  hammer  of  the  bell,  which  continues  as  long  as  the 
current  lasts  and  the  clockwork  runs. 

With  the  first  turn  of  the  clockwork,  the  signal  “  repondez  ” 
appears  before  a  small  window  cut  in  the  case,  indicating  the  direc¬ 
tion  of  the  call. 

Another  alarum,  which  is  frequently  preferred,  in  connection  also 
with  Morse  instruments,  on  account  of  its  being  cheaper  and  without 


Breguet’s  Alarm  Instrument. 


clockwork,  is  represented  in  Fig.  707.  It  is  on  the  principle  of  a 
self-acting  make-and-break,  which  operates  at  R.  These  alarums 
are  stated  to  work  direct  at  the  distance  of  one  hundred  kilometres. 
An  improved  form  of  the  French  Railway  Telegraph,  both  as 


regards  transmittor  and  indicator,  is  exhibited  by  Messrs.  Digney 
(France,  1414).  Instead  of  alternate  emission  and  interruption  of 
only  one  current,  use  is  here  made  of  alternately  positive  and  nega¬ 
tive  currents.  The  antagonistic  spring  has  been  removed,  and  an 
arrangement  upon  the  principle  of  Messrs.  Siemens  &  Halske’s 
polarized  relay  introduced,  which  works  the  escapement  without  any 
regulation  whatever,  and  with  very  small  battery  power. 

Lippens,  P.,  Belgium  (351). — Two  electro-magnetic  dial  instru¬ 
ments  of  Mr.  Lippens  are  of  a  rather  complicated  nature.  The 
connections  of  a  battery  with  line  and  earth  are  alternately  reversed 
by  a  commutator  put  in  oscillation  by  the  turning  of  a  handle.  The 
currents  pass  through  the  indicator  of  the  sending  station  into  the 
line,  calling  attention  at  the  distant  station  by  the  attraction  of  the 
keeper  of  an  ordinary  electro-magnet  in  the  receiving  instrument, 
and  causes  thereby  the  closing  of  a  self-acting  make-and-break 
circuit  which  gives  the  alarm.  The  direction  of  the  calling  station 
is  indicated  by  the  displacement  of  a  lever.  A  commutator  must 
then  be  turned  in  order  to  open  the  circuit  for  the  reception  of  the 
message,  which  is  recorded  by  the  same  electro- magnetic  arrange¬ 
ment  as  described  with  reference  to  Mr.  Lippens’  magneto-electric 
telegraph.  A  third  lever  puts  the  instrument  out  and  brings  a 
needle  into  circuit,  which  by  its  deflections  indicates  the  continuance 
of  through  correspondence.  The  entire  apparatus  is  very  complex, 
and  its  functions  rendered  insecure  by  a  great  number  of  contact 
surfaces. 

In  E.  Tyer’s  dial  telegraph  (2977)  use  is  made  of  two  springs 
placed  opposite  each  other  on  both  sides  of  an  arbor,  with  which 
they  revolve,  forming  sliding  contacts,  alternately,  with  thirteen 
teeth  and  thirteen  intervening  pieces,  by  which  means  the  poles  of 
a  battery  are  in  regular  succession  put  to  line  and  earth.  The  arbor 
is  turned  either  by  hand  (in  which  case  the  working  lever  is  arrested 
opposite  the  letter  to  be  transmitted  on  the  sending  dial) ;  or  the 
contact  springs  revolve  by  clockwork,  and  their  arrest  is  effected 
mechanically  by  the  pressure  of  finger  keys  arranged  in  two  rows  on 
both  sides  of  the  dial. 

The  escapement  upon  which  these  currents  act  consists  of  two 
semicircular  pieces  of  soft  iron  placed  horizontally,  and  mounted 
on  a  vertical  axis,  a  small  opening  being  provided  on  either  side 
between  each  semicircle,  so  as  to  admit  the  poles  of  an  electro¬ 
magnet.  These  two  horns  of  soft  iron  derive  opposite  polarity  from 
the  poles  of  a  permanent  magnet,  and  are  attracted  and  repulsed 
alternately  by  the  electro-magnet  under  the  influence  of  reversed 
currents.  The  oscillating  motion  thus  produced  works  the  escape¬ 
ment,  which  consists  of  a  pin  playing  between  two  rows  of  inclined 
teeth,  in  close  proximity  to  each  other,  cut  on  the  edge  of  two  short 
cylinders,  and  so  arranged  that  the  edge  of  a  tooth  of  one  is  midway 
between  those  of  two  teeth  on  the  other  cylinder. 

The  escapement  is  simple,  and  apparently  not  liable  to  tripping. 

RAILWAY  ALARM  TELEGRAPHS. — Siemens,  Halske,  &  Company 
(2959)  exhibit  specimens  of  the  alarums  used  on  the  continental, 
and  more  especially  on  the  German  railways,  to  signal  the  departure 
and  arrival  of  trains. 

They  consist  of  one  or  two  large-sized  bells,  sounded  upon  the 
release  of  a  clockwork  with  weight  and  cord,  by  the  action  of  either 
voltaic  or  magneto-electric  currents.  In  the  first  instance,  the  arma¬ 
ture  of  the  electro-magnet  remains  unaffected  by  the  current  of  the 
Morse  instruments,  which  do  the  ordinary  service  of  the  line,  but 
are  acted  upon  by  the  addition  of  a  more  powerful  alarum  battery. 
In  the  second  case,  a  powerful  magneto-induction  machine  produces 
a  succession  of  currents  which  attract  the  armature  ;  a  number  of 
those  alarms  are  placed  along  the  line  within  hearing  distance  from 
one  another,  and  the  whole  of  them  sounded  at  once  giving  notice 
along  the  whole  section,  between  two  stations,  that  a  train  is  about 
to  start.  The  signal  is  returned  by  the  other  station,  signifying  that 
the  line  is  clear  and  the  train  can  proceed.  The  clockwork  being 
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self-adjusting,  the  number  of  signals  may  be  varied  ad  libitum  to 
distinguish  the  up  from  the  down  trains. 

The  clock  has  to  be  rewound  at  regular  times  by  the  signalmen, 
on  whose  huts  the  bells  are  generally  fixed.  The  adoption  of  the 
induction  battery  has  proved  to  be  very  profitable  from  an  econo¬ 
mical  point  of  view,  as  the  expense  incurred  by  the  use  of  hydraulic 
batteries  were  not  inconsiderable. 

Mr.  Tyer  (2977)  exhibits  the  train-signalling  apparatus  used  on 
the  South  eastern,  North  London,  and  several  other  lines.  His 
instruments  present  a  dial,  divided  into  an  upper  and  a  lower  por¬ 
tion,  each  containing  a  needle  (or  two  at  intermediate  stations)  which 
indicates  “  train  on  line,"  and  ‘‘  line  clear."  Each  signal  is  accom¬ 
panied  by  the  sounding  of  a  bell  or  a  gong,  according  to  the  direc¬ 
tion  of  the  signalling  station.  The  sounds  are  also  used  to  describe 
the  train,  and  for  a  few  additional  signals.  The  signals  are  given 
from  each  station  by  the  pressure  of  one  or  two  (or  four)  buttons  in 
front  of  the  instrument,  whereby  the  connections  for  the  arriving 
current  are  broken,  and  the  home  coils  of  the  electro-magnetic 
arrangement  brought  into  one  circuit  with  those  of  the  arriving  part 
in  the  instrument  at  the  distant  station.  The  commutator,  worked 
by  the  buttons,  is  so  arranged  that  no  receiver  can  alter  the  signals 
of  his  own  receiving  instruments,  which  remain  fixed  until  reversed 
by  the  sender. 

Mr.  Walker  (2983)  has  two  signal  bells  worked  direct  by  the 
attraction  of  the  armature  of  an  electro-magnet  larger  than  usual, 
and  wound  with  very  thick  wire,  representing  the  system  introduced 
by  him  on  the  South  eastern  line. 

III.— PRINTING  AND  RECORDING  INSTRUMENTS. 

MR.  T.  ALLAN’S  AUTOMATIC  RECORDING  INSTRUMENTS  (2850). 
— The  mode  of  action  of  these  instruments  may  be  briefly  summed 
up  as  follows  : — A  perforated  band  of  paper,  prepared  previously  by 
means  of  a  separate  machine,  which  punches  any  letter  by  the  single 
depression  of  a  key,  is  passed  through  a  contact  apparatus.  A  local 
battery  is  called  into  play,  which  as  the  perforated  paper  is  drawn 
forward,  causes  the  oscillation  of  au  armature,  which  is  transferred 
to  a  mechanism,  and  effects  for  each  oscillation  a  reversal  of  the 
current  sent  into  the  liue. 

To  render  the  instrument  wholly  automatic  the  clockwork  is  dis¬ 
pensed  with,  and  in  its  stead,  at  each  movement  of  the  keeper,  a 
small  coil  spring  is  rewound,  which  in  its  turn  continually  running 
down  imparts  motion  to  a  train  of  wheels,  and  draws  the  perforated 
paper  forward.  An  ingenious  contrivance  prevents  the  spring  from 
being  over-wound. 

The  instruments  at  the  receiving  station  consist  of  the  relay  and 
the  recording  instrument,  the  latter  being  a  counterpart  of  the 
sending  machine  so  far  as  regards  the  principle  of  automatic  action. 
Chiefly  remarkable  is  the  combination  by  means  of  which  the  spark 
of  the  opening  current  is  transferred  from  the  relay  to  the  recording 
instrument,  where  its  injurious  effects  are  rendered  powerless  by  the 
peculiar  arrangement  of  the  break  itself  making  contact  at  a  point 
different  from  that  where  it  is  broken.  This  combination  is  as  fol¬ 
lows  : — Upon  contact  being  made  by  the  relay  against  either  of  the 
two  points  which  limit  its  play,  the  keeper  of  the  receiving  instrument 
is  attracted  towards  one  of  the  electro-magnets  by  the  closing  of  the 
local  circuit ;  this  causes  the  pointer  to  be  thrown  against  a  paper 
band,  and  effects  the  re-interruption  of  the  local  circuit  simultane¬ 
ously  with  the  establishment  of  another  contact  in  the  break.  The 
latter  completes  the  continuity  of  the  local  circuit,  in  order  to  be  again 
closed  when  the  arm  of  the  relay  is  thrown  against  the  second  contact 
by  the  next  reversal  of  the  line  current.  The  effect  of  each  reversal 
on  the  receiving  instrument  being  thus  made  instantaneous,  and 
separated  from  the  following  reversal  by  an  interval  of  time,  it  is 
evident  that  such  reversal  of  the  line-current  will  produce  an  inden¬ 
ture  on  the  paper  band  at  regular  intervals. 


At  the  end  of  a  message  the  sending  machine  throws  itself  out  of 
gear  by  the  running  down  of  the  clockwork. 

The  peculiar  mode  of  action  involved  in  the  above  system,  viz., 
that  every  current  produces  both  a  mark  and  the  space  belonging 
thereto,  causes  Mr.  Allan  to  propose  a  code  different  from  that  of 
Morse,  in  which  two  characters  are  represented  by  groups  of  dots 
alone.  This  system  is  not  without  its  obvious  advantages,  but  it 
appears  doubtful  whether  these  will  not  be  more  than  outweighed 
by  the  practical  inconvenience  of  a  change  of  code,  and  the  complex 
nature  of  the  machine  itself. 

The  “Atelier  des  Telegraphes  Suisses”  (151)  exhibit  an  embossing 
instrument,  in  which  a  slight  impulse  given  to  the  armature  is 
converted  into  a  sudden  and  comparatively  powerful  motion  of 
the  mechanism  which  indents  the  paper.  The  armature,  upon  being 
attracted,  slightly  raises  a  two-armed  lever,  which  is  connected 
with  another  system  of  levers  by  an  intermediate  piece,  acting  like 
a  link  in  a  chain,  and  having  a  number  of  inclined  teeth  cut  on  its 
upper  and  lower  sides.  Being  moved  slightly  downwards  this  piece 
engages  with  its  lower  teeth  those  of  a  rapidly  revolving  disc,  and 
performs  in  consequence  part  of  a  revolution  round  the  end  of  the 
lever  which  had  been  slightly  raised;  a  jerk  is  thereby  imparted  to 
the  leverage  attached  to  its  other  end,  which  causes  the  style  to  in¬ 
dent  the  paper.  At  the  return  of  the  lever  carrying  the  armature, 
a  similar  action  occurs,  the  upper  teeth  engaging  in  those  of  another 
disc,  and  another  jerk  in  a  diflerent  direction  ensues,  in  consequence 
of  which  the  style  recedes. 

There  is  also  shown  an  induction  key  for  the  purpose  of 
telegraphing  with  the  (stronger)  opening  current;  the  principle 
consists  in  opening  the  circuit  of  one  primary  coil,  and  closing  that 
of  another  wound  side  by  side  with  the  former,  having,  meanwhile, 
reversed  the  poles  of  a  battery,  or  passed  the  same  current  in  an 
opposite  direction  through  the  reversed  terminals  of  the  second  coil. 
By  these  means  the  current  induced  by  the  closing  is  of  the  same 
direction  with  that  induced  by  the  previous  opening  of  the  primary 
circuit;  it  therefore  effects  the  relay  in  an  equal  sense,  and  leaves 
its  condition  undisturbed.  In  the  present  instance  the  closing  is 
effected  mechanically  by  the  contacts  of  a  Morse  key  against  mag¬ 
netic  bars  immediately  above  it;  the  openings  are  performed  by  the 
magnetic  action  between  the  bar  magnets  and  two  soft  iron  studs. 
Besides  the  above,  we  find  a  portable  Morse  apparatus  recording  in 
ink,  together  with  a  portable  battery;  an  induction  relay;  lightning 
guard;  and  several  commutators,  as  used  on  the  Swiss  telegraph 
lines. 

M.  Breguet  (1413)  shows  an  embossing  instrument  with  relay  of 
the  usual  form  ;  also  an  inkwriter,  in  which  the  armature  is  vertical, 
and  carries  at  its  top  the  inked  disc,  which  receives  its  supply  from 
the  roller  resting  upon  it. 

The  British  and  Irish  Magnetic  Telegraph  Company  (2864), 
exhibit  a  compensation  sending-key  for  the  Morse  alphabet,  the 
invention  of  Sir  Charles  Bright,  in  which,  upon  the  pressing  down 
of  the  relay  to  form  a  stroke,  a  lever  rises  against  a  stop  and  cuts 
off  part  or  the  whole  of  the  battery  if  desired ;  thereby  adding  to 
the  pause  between  this  and  the  next  signal,  and  reducing  the  dura¬ 
tion  of  the  stroke,  which  is  equalized  at  the  distant  end  by  the 
effects  of  induction. 

Two  relays  are  also  shown,  one  of  which  is  adapted  to  the  re¬ 
transmission,  in  either  direction  from  an  intermediate  station,  of  a 
positive  or  negative  current  derived  from  a  local  battery.  The 
other,  termed  the  Mercurial  relay,  has  a  continuous  fine  stream  of 
mercury  running  from  an  upper  into  a  lower  reservoir,  which  is 
intersected  by  the  arm  of  a  needle  when  acted  upon  by  the  current. 
When  one  reservoir  is  empty,  the  apparatus  is  reversed  like  an  hour 
glass,  and  the  other  begins  to  run. 

MM.  Digney  Freres  (France,  1414),  show  a  remarkable  collec¬ 
tion  of  inkwriting  Morse  instruments,  all  of  which  exhibit  the  inking 
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process  which  has  found  such  general  application  in  France.  The 
instrument  represented  in  Fig.  708,  with  relay,  and  arranged  for 
translation,  is  similar  to  that  with  which  the  experiments  were  made 

preliminary  to  the  introduction  of 
Fig.  708.  the  inkwriter  in  France. 

The  iukiDg  apparatus  consists  of 
a  felt  roller  saturated  with  ink, 
and  resting  its  surface  against  the 
circumference  of  a  small  disc  un¬ 
derneath;  the  latter  is  turned  by 
clockwork  contrary  to  the  direction 
of  the  paper,  on  which  it  deposits 
the  ink  from  the  roller  whenever 
the  paper  strip  is  raised  against  it 
by  the  action  of  the  printing  lever. 


Morse’s  Inkwriting  Instrument,  ky  MM.  Digney. 

The  marks  produced  by  the  instrument  are  extremely  precise  and 
regular,  and  the  lever  is  capable  of  very  delicate  adjustment. 

The  eletro-magnets  of  the  relay  are  movable  in  a  slide,  and  can 
be  made  to  approach  or  recede,  while  the  armature  remains  sta¬ 
tionary. 

This  instrument — of  which  a  duplicate  is  also  shown,  provided 
with  terminals  for  dividing  the  circuit  through  the  coils  iuto  two 
equal  halves,  to  suit  various  lengths  of  circuit — reappears  in  various 
forms  and  combinations,  such  as  that  worked  by  magneto- electric 
currents,  being  avowedly  a  modification  of  Siemens  &  Halske’s 
arrangement,  which,  under  the  hands  of  Messrs.  Digney,  has 
assumed  a  peculiar  and  very  compendious  form. 

In  another  the  current  is  made  to  pass  through  the  vertical  electro¬ 
magnet,  and  also  through  a  small  coil  surrounding  the  armature,  the 
poles  of  which  become  opposed  to  those  of  the  electro -magnet,  and 
create  increased  attraction ;  a  relay  of  similar  construction  is  also 
exhibited.  A  very  compact  arrangement  is  the  portable  apparatus, 
with  all  the  necessaries  of  a  complete  station  in  one  box,  and  a  Marie 
Davy  battery  in  the  other,  as  employed  by  the  French  government. 

Messrs.  Digney  have  also  exhibited  their  automatical  telegraph, 
operating  on  the  Morse  system,  by  means  of  perforated  paper  strips. 
The  distinguishing  feature  of  their  system  is  the  use  made  of  the 
thickness  of  the  paper  between  the  perforations  for  working  the 
contact.  Instead  of  making  contact  through  the  holes  or  employing 
them  to  drive  a  contact  wheel  as  in  Allan’s  system,  the  perforator 
punches  with  one  lever  a  dash  and  interval  on  one  side  of  the  paper 
band,  and  with  a  second  a  dot  and  its  interval  on  the  other  side ;  a 
third  lever  forwards  the  paper  to  any  length  required.  The  paper 
thus  perforated  in  two  parallel  rows  is  inserted  into  the  transmittor, 
and  the  instrument  started.  Two  levers  or  styles,  each  provided  with  a 
spring  several  times  their  own  length,  fixed  at  right  angles  and 
capable  of  being  separately  depressed,  lean  against  the  perforated 
paper.  They  are  acted  upon  separately  by  the  perforations,  which 
allow  them  to  rise  whenever  a  punch  passes,  but  cause  a  slight 
depression  at  every  passage  of  the  somewhat  thick  paper  between 
the  interstices.  This  motion  is  augmented  at  the  extremities  of 
the  springs,  which  make  and  break  the  contact  of  a  battery  with 
the  line  to  which  they  are  both  connected. 


An  instrument  of  the  same  kind,  but  with  only  one  style,  fulfils 
at  the  same  time  the  functions  of  index  and  receiver  by  simply  using 
the  clockwork  on  both  sides  of  the  instrument,  and  providing  a  lever 
which  interrupts  the  running  of  the  paper  without  interrupting  the 
clockwork. 

A  double  relay  for  re-transmission  in  both  directions  which,  if 
optional,  registers  the  message  at  the  intermediate  station,  and  a 
few  other  items,  complete  the  list  of  apparatus  connected  with  the 
Morse  class  exhibited  by  MM.  Digney. 

M.  Hipp  (15G),  the  Swiss  telegraph  engineer,  best  known  by  his 
having  been  the  first  to  suggest  the  dangerous  expedient  for  curing 
defective  submarine  cables  by  positive  or  oxidizing  currents,  exhibits 
several  embossing  and  inkwriting  instruments. 

Two  of  these  instruments  only  have  been  disclosed  to  the  jury  of 
the  class,  it  being  the  intention  of  M.  Hipp  to  patent  the  same  ; 
the  remaining  instruments  are  of  the  kind  used  generally  in  Switzer¬ 
land,  and  present  no  particular  features  of  interest. 

M.  Lenoir,  Vienna  (656),  shows  an  electrical  mine- 
exploding  apparatus  after  the  construction  of  Baron 
von  Ebner,  of  the  kind  used  in  the  Austrian  army. 

VV.  Leopolder,  Vienna  (657),  has  several  forms  of 
Morse  embossing  instruments. 

Mess.  Mouilleran  &  Vinay  (1438)  exhibit  an  ink¬ 
writing  Morse,  in  which  the  distribution  of  ink  is 


performed  by  a  small  endless  chain,  moving  with 
two  little  drums  driven  by  clockwork  and  a  little  more 
than  an  inch  apart.  The  paper  passing  immediately  beneath  this 
chain  receives  its  impression,  when  a  fork-shaped  piece  at  the 
extremity  of  the  writing  lever  presses  the  lower  part  of  the  chain 
against  it.  The  latter  has  previously  been  inked  by  a  loose  roller 
like  those  of  Digney’s,  which  rests  on  the  upper  unsupported  part 
of  the  chain.  This  instrument  is  not  shown  in  action. 

Messrs.  Siemens,  Halske,  &  Company  (2959)  of  London,  and 
Messrs.  Siemens  &  Halske  (1413)  of  Berlin,  exhibit  a  great  variety 
of  recording  instruments,  partly  belonging  to  the  embossing  class, 
but  the  far  greater  portion  illustrating  the  various  improvements 
introduced  by  these  firms,  in  the  constructive  detail  as  well  as  in 
the  general  combinations  of  the  system. 

Among  the  variety  of  instruments  comprising  this  collection, 
none  has  excited  more  general  interest  than  their  “  Magneto-electric 
Type  Transmittor.”  According  to  the  notice  affixed  to  it,  eighty 
words  or  400  letters  per  minute  were  transmitted  by  it  through  a 
current  of  2550  miles  of  line  wire,  including  50  miles  of  submarine 
cable,  800  miles  of  land  line,  and  1700  miles  of  artificial  resistance, 
the  lines  being  those  of  the  Submarine  Telegraph  Company. 

The  receiving  instrument  (Fig.  1,  Plate  18)  is  one  of  Messrs. 
Siemens  &  Halske’s  improved  polarized  iukwriters,  arranged  with 
a  special  clockwork  to  move  the  paper  so  as  to  meet  the  require¬ 
ments  of  increased  speed.  This  instrument,  which  constitutes  one 
of  the  most  essential  parts  of  the  invention,  is  capable  of  being 
worked  through  great  distances  with  the  least  amount  of  battery 
piower ;  it  is  independent  of  variation  in  the  strength  of  the  current, 
arising  from  defective  insulation  or  otherwise;  its  marks  are  distinct, 
and  occur  with  the  greatest  regularity,  and  it  is  available  both  for 
voltaic  currents,  in  one  or  in  opposite  directions,  and  for  induction 
currents. 

It  consists  of  a  horse-shoe  shaped  magnet,  E,  kept  permanently 
magnetized  by  the  steel  magnet,  M  (only  partly  visible  in  the  engrav¬ 
ing),  which  induces  one  kind  of  magnetism  in  the  poles,  a  a,  of  the 
electro-magnet,  and  opposite  magnetism  in  the  armature,  b,  oscillating 
between  them  ;  c  is  the  printing  lever,  forming  a  continuation  of  the 
latter.  A  series  of  currents  traversing  the  coils  of  the  electro-magnets, 
first  in  one  direction  and  then  in  the  other,  have  the  effect  of  destroying 
or  reversing  the  polarity  of  one  of  its  poles,  and  adding  to  that  of 
the  other,  and  vice  versa,  which  causes  the  lever  to  be  alternately 
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attracted  by  one  pole,  and  at  the  same  time  repulsed  by  the  other 
in  rapid  succession.  The  moment  the  current  ceases,  the  lever  is 
maintained  in  the  position  it  was  in  at  the  time  of  cessation  by  the 
recurring  magnetism  from  the  permanent  magnet.  In  order  to 
appreciate  the  degree  of  sensitiveness  of  which  this  combination  is 
capable,  it  is  necessary  to  consider  that,  when  the  lever  is  placed 
midway  between  the  electro-magnetic  poles,  it  is  attracted  equally 
in  both  directions,  but  that  the  slightest  approach  toward  the  one 
side  or  the  other  gives  the  nearest  pole  a  very  decided  preponder¬ 
ance,  causing  it  to  hold  the  lever  without  the  necessity  of  regulating 
springs  until  it  changes  sides,  in  consequence  of  a  momentary 
current  through  the  line  wire  circuit. 

The  other  end  of  the  oscillating  lever  carries  the  disc  which  marks 
the  paper;  it  dips  to  a  certain  extent  into  a  glass  trough  filled  with 
the  ink,  the  level  of  which  is  adjustable.  When  the  disc  revolves 
its  circumference  takes  up  a  certain  quantity  of  ink  from  the  trough, 
which  after  having  been  reduced  to  a  proper  amount  by  a  scraper, 
is  ready  for  marking  the  paper  strip. 

The  latter  runs  at  a  rapid  but  uniform  rate  close  above  the  mark¬ 
ing  disc,  which  revolves  in  a  direction  contrary  to  that  of  the  paper, 
and  is  brought  lightly  to  touch  it  whenever  the  lever  is  attracted 
downwards.  With  an  accurately  balanced  lever  the  force  of  the 
current  is  thus  turned  to  the  greatest  possible  account,  acting  from 
both  sides,  and  having  merely  to  overcome  the  inertia  of  the  lever. 

The  signals  transmitted  are  those  of  the  Morse  alphabet.  The 
transmitting  is  effected  by  passing,  under  a  contact  arrangement 
more  especially  detailed  in  the  engraving  on  the  right  of  the  trans¬ 
mitting  instrument,  types  set  up  in  brass  rods.  These  rods  are 
passed  along  from  right  to  left  by  the  action  of  a  screw  cut  on  the 
spindle  of  a  magneto-induction  battery,  such  as  used  by  Messrs. 
Siemens,  Halske,  &  Company,  for  their  alphabetical  telegraphs. 
Upon  a  treadle  being  put  in  action,  the  armature  of  the  magneto¬ 
induction  battery  revolves  with  its  coil  of  insulated  wire  between 
the  poles  of  a  series  of  permanent  magnets,  thereby  generating  a 
succession  of  magneto-electric  currents,  each  entire  revolution  pro¬ 
ducing  one  positive  and  one  negative  current.  The  types  present 
a  surface  composed  of  elevations  and  depressions,  differing  accord¬ 
ing  to  the  letter  they  represent ;  each  has  a  prismatic  slide  attached, 
fitting  into  one  of  the  recesses  cut  on  the  side  of  the  type  rod.  By 
means  of  these  recesses,  which  coincide  with  the  driving  teeth  on 
the  lower  surface  of  the  type  rod,  a  definite  relation  is  maintained 
between  the  rotations  of  the  armature  and  the  position  of  the  type. 
This  is  illustrated  in  Fig.  3  of  the  engraving,  where  the  columns 
marked  with  a  -f-  indicate  the  occurrence  and  duration  of  a  positive 
current,  and  those  having  a  —  the  same  of  a  negative  current ;  so 
that  assumming  the  type  to  be  passing  under  the  contact  arrange¬ 
ment,  every  half  revolution  of  the  armature  and  the  advance  of  the 
type  by  the  breadth  of  one  column,  will  occur  simultaneously. 
The  line-wire  circuit  is  made  by  the  raising  of  a  small  prism  when¬ 
ever  an  elevated  part  of  the  type  passes  uuder  it,  and  is  broken 
during  the  passage  of  a  depression.  It  is  therefore  evident  that, 
while  telegraphing,  only  those  currents  can  pass  into  the  line  which 
are  generated  during  the  passage  of  an  elevation,  and  as  the  effect 
of  either  current  in  the  receiving  instrument  is  continued  until  the 
arrival  of  a  fresh  impulse  in  the  opposite  direction,  the  effect  of 
each  interval  is  prolonged,  and  a  dot  drawn  into  a  dash,  or  a  short 
blank  into  a  longer  one.  It  is  necessary  to  add  that  in  telegraph¬ 
ing,  the  type-rods  containing  the  message  are  hooked  one  to  the 
other  as  they  pass  through  the  machine,  and  are  separated  again 
immediately  after  they  have  passed  through. 

In  addition  to  the  advantages  which  accompany  every  auto¬ 
matic  system,  viz.,  speed,  regularity,  and  preclusion  of  error,  this 
system  has  in  its  favour  the  application  of  magneto-electricity  as 
generating  power,  which  is  of  considerable  importance  as  regards 
expense  and  convenience. 


A  combination  of  the  polarized  recording  instrument,  with  a 
magneto-induction  key  for  working  the  same,  is  also  shown.  The 
latter  consists  of  a  coil  wound  round  a  double-T-shaped  soft  iron  bar, 
and  protected  by  a  metallic  case,  the  whole  being  made  to  oscillate 
between  the  poles  of  a  series  of  permanent  horse-shoe  magnets,  by 
the  depression  of  a  lever,  and  the  counteraction  of  a  spring.  The 
magnetism  of  the  soft  iron,  which  becomes  reversed  with  every  half 
oscillation,  generates  the  current  in  the  circuit  of  the  induction  coil, 
in  the  same  order  as  produced  by  the  Morse  Key.  This  combination 
recommends  itself,  by  its  simplicity,  for  private  and  military  purposes. 

In  the  complete  submarine  instrument  of  Messrs.  Siemens, 
Halske,  &  Company,  both  the  polarized  inkwriter,  and  the  polarized 
relay  are  worked  by  the  voltaic  current,  the  former  by  one  current 
only,  and  the  latter  by  reversed  currents.  The  principal  feature 
of  this  apparatus  is  the  “Submarine  Key”  for  working  the  same, 
which  is  so  arranged  that  no  disturbing  effects  result  from  the 
discharge  of  the  residuary  electricity  in  submarine  cables.  The  key 
has  to  be  turned  a  little  towards  the  left  before  transmission,  and 
kept  in  this  position  during  the  working ;  by  this  means,  when  the 
key  is  released,  a  spring  is  put  in  contact  with  the  earth,  through 
which  the  discharge  current  escapes,  before  the  relay  is  in  circuit. 
An  arrangement  to  the  same  effect  is  provided  in  the  recording 
instrument  for  automatical  translation  at  intermediate  stations. 
It  is  combined  with  a  self-starting  and  arresting  apparatus,  and 
causes  a  lengthened  earth-contact  to  be  made  after  the  conclusion 
of  a  message  in  either  direction,  the  relay-contact  remaining 
broken  for  the  time. 

A  system  of  discharging  the  lineation  of  residuary  electricity  has 
been  proposed  and  carried  into  effect  by  Mr.  E.  F.  Varley  inde¬ 
pendently  of  Messrs.  Siemens  &  Halske.  The  two  systems  are 
essentially  the  same,  differing  only  in  the  details  of  mechanical 
arrangement.  Mr.  Varley  has  introduced  his  system  upon  all  the 
land  and  sea  lines  of  the  Electric  and  International  Telegraph  Com¬ 
pany,  in  which  he  holds  the  position  of  engineer. 

A  simple  contrivance,  which  is  nevertheless  of  great  importance 
for  telegraphing  over  great  distances  through  several  translating 
stations,  consists  in  a  spring  attached  to  the  lower  surface  of  the 
printing  lever,  and  called  the  “translation  spring.”  It  prolongs 
contact  between  the  transmitting  lever  and  the  positive  battery, 
making  up  for  the  time  lost  between  the  first  impulse  of  the 
current  on  the  electro-magnet  and  the  actual  establishment  of  the 
contact.  By  this  means  it  has  become  possible  to  communicate  in  a 
direct  manner  from  London  to  Omsk  in  Siberia,  a  distance  of  more 
than  3000  miles,  which  is  worked  entirely  by  these  instruments. 
In  long  submarine  lines,  where  the  signals  become  still  shorter 
and  the  loss  more  appreciable,  it  is  possible  by  the  same  means  to 
work  through  a  number  of  translating  stations  with  the  greatest 
ease,  as  for  instance  upon  the  Malta  and  Alexandria  line. 

Several  other  direct- writing  ink  recorders  are  shown  by  Messrs. 
Siemens,  Halske,  &  Company,  one  of  which,  represented  in  Fig.  709, 
is  extensively  used  both  in  this  country  and  abroad.  It  is  of  very 
simple  construction,  and  worked  with  advantage  through  circuits  of 
considerable  length.  The  inking  process  adopted  is  a  modification 
of  that  of  Messrs.  Digney,  consisting  of  a  small  inverted  bottle 
containing  the  inks,  and  secured  by  a  felt  stopper,  leaning  with  the 
latter,  which  is  thus  saturated,  against  the  marking  disc.  Against 
this  method,  however,  as  against  the  little  roller  of  Messrs.  Digney, 
the  objection  that  the  fluid  dries  up  in  warm  weather  has  been  raised, 
as  a  sou.  „e  of  much  inconvenience,  particularly  in  hot  climates. 
This  defect  has  been  remedied  by  the  above-described  method  of 
inking  from  a  trough. 

Another  direct  ink  writer  is  used  in  conjunction  with  the  polar¬ 
ized  instrument  as  forming  the  translation  stations  of  a  line  com¬ 
prising  two  end  and  one  intermediate  stations. 

A  train  of  instruments  illustrates  the  working  of  a  fire-alarm 
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system  introduced  by  the  exhibitors  in  Berlin  thirteen  years  ago, 
and  since  then  in  many  towns  on  the  Continent.  It  gives  an  imme¬ 
diate  alarm  on  the  outbreak  of  a  fire,  and  enables  the  chief  superin¬ 
tendent  to  take  his  measures  with  the  greatest  possible  despatch. 


A  number  of  places  throughout  the  town,  such  as  police  stations, 
public  buildings,  theatres,  &c.,  are  provided  with  a  self-acting 
apparatus,  which,  upon  the  pulling  of  a  cord,  raises  an  alarm  at  the 
central  fire  station,  and  indicates  the  locality  of  the  fire.  It  also 
contains  the  means  for  telegraphing  to  and  fro  other  necessary 
information.  Each  station  has  its  distinguishing  letter,  and  announces 
itself  at  the  central  station,  both  by  the  particular  sounding  of  an 
alarm,  and  by  printing  its  name  or  letter  on  the  paper  of  a  self¬ 
starting  Morse  instrument;  besides  which,  the  release  of  a  disc 
denotes  the  district  to  which  the  calling  station  belongs.  The 
necessary  directions  are  then  given  from  the  central  to  the  nearest 
engine  station,  where  everything  is  kept  in  readiness  to  start  within 
three  minutes’  notice,  so  that  in  about  eight  minutes,  including  the 
time  occupied  in  proceeding  from  the  fire  to  the  nearest  alarm 
station,  the  brigade  is  on  its  way  to  the  scene  of  action. 

The  batteries  required  to  work  this  system  are  confined  to  the 
central  station — one  for  the  line,  and  another  for  the  local  or  alarm 
circuits. 

These  arrangements,  of  course,  admit  of  suitable  modification, 
according  to  circumstances ;  still  the  fact  deserves  to  be  mentioned, 
as  affording  a  practical  test  of  the  system,  that  no  conflagration  of 
consequence  has  taken  place  in  Berlin  since  its  first  introduction, 
nor  has  its  efficiency  ever  been  known  to  fail. 

There  is  another  direct  writer,  consisting  of  a  small  Morse  ink- 
writer,  without  clockwork,  in  which  the  paper  is  moved  by  hand ; 


and  a  key  with  a  stationary  coil,  in  the  opening  of  which  a  soft  iron 
lever  moves  up  and  down,  and  receives  alternately  opposite  polarity 
from  approaching  the  opposite  poles  of  two  horse-shoe  magnets 
placed  at  a  short  distance  one  above  the  other.  This  simplified 
combination  is  intended  for  private  use. 

The  same  collection  contains  a  curiosity  in  the  shape  of  a  pair  of 
recording  instruments,  by  which  different  messages  are  sent  simul¬ 
taneously  in  both  directions  through  one  and  the  same  line-wire. 
This  combination  is  actually  used  between  Amsterdam  and  Rotter¬ 
dam  ;  but  it  requires  such  delicate  adjustment,  that  it  is  not  well 
suited  for  general  application. 

M.  Sortais  (1447)  shows  a  contrivance  for  the  self-starting  and 
arresting  of  Morse  instruments,  which  consists  mainly  in  the  disen¬ 
gagement  of  a  toothed  wheel  by  the  impulse  given  to  the  printing 
lever,  and  the  ensuing  liberation  of  the  fly-wheel  The  clockwork 
itself  is  then  employed  to  re-establish  the  normal  position  of  the 
toothed  wheel  and  lever,  which  is  prevented  by  the  continuous  oscil¬ 
lation  of  the  lever  while  the  message  is  transmitted. 

States  Railway  Society  (Austria,  GG6).  —  On  several  sections 
of  the  Austrian  States  Railway  a  system  of  telegraphic  corre¬ 
spondence  has  been  introduced,  and  it  would  even  appear  with 
success,  which  is  intended  to  provide  the  intermediate  stations  of  a 
line  with  the  means  of  communication  without  providing  them  with 
separate  batteries,  and  although  there  are  no  continuous  currents 
passing  through  the  line.  This  is  effected  by  placing  at  the  end  sta¬ 
tions  batteries  of  equal  strength,  balancing  each  other  in  consequence 
of  their  similar  poles  being  connected  to  line  and  earth  ;  upon  mak¬ 
ing  contact  with  the  earth  by  working  the  key,  any  intermediate 
station  is  enabled  to  transmit  signals  to  both  end  stations,  by  closing 

the  circuit  of  each  of  their  batteries ; 
and  any  end  station  can  communi¬ 
cate  with  the  rest  by  telegraphing 
with  the  battery  of  the  other  end 
station. 

With  a  view  to  obviate  the 
inevitable  difference  in  strength  of 
the  working  current  in  various  sec¬ 
tions  of  the  line,  artificial  resistances 
are  introduced  and  so  adjusted  as 
to  equalize  the  differences.  The 
same  plan  of  working  was  proposed  (and  patented)  by  the  writer  in 
1854,  with  a  view  chiefly  of  establishing  a  means  of  communication 
between  the  guards  and  driver  of  a  railway  train. 

The  Austrian  Telegraph  Direction  (667)  also  exhibits  Morse 
Recording  Instruments  with  a  self-acting  make-and-break  me¬ 
chanism,  and  without  clockwork. 

Professor  Wheatstone’s  Automatic  Printing  Telegrapjh  (2978). 
— The  transmission  is  effected  by  passing  through  the  transmitting 
instrument  (Fig.  710)  long  strips  of  paper  containing  the  message 
in  groups  of  apertures  in  two  parallel  lines.  These  apertures  are 
made  to  act  on  two  pins  in  such  a  manner  that  currents  are  trans¬ 
mitted  through  the  telegraphic  circuit  in  opposite  directions,  go¬ 
verned  by  the  apertures  and  their  intervals.  These  currents,  which 
succeed  each  other  indiscriminately,  operate  on  two  pens  of  a  writing 
instrument  at  the  distant  station.  The  message  is  prepared  in  the 
perforator  by  three  separate  finger  keys,  the  two  external  ones  making 
the  groups  of  perforations  which  forms  the  signs  of  the  message,  and 
the  middle  one  the  holes  marking  the  intervals  between  the  letter. 
The  carrying  forward  of  the  paper  after  every  punch  is  simul¬ 
taneously  effected  by  the  depression  of  either  key.  An  eccentric  in 
the  transmitter  produces  and  regulates  the  advance  of  the  perforated 
paper  by  the  advancing  and  receding  motion  of  a  small  frame,  and 
likewise  causes  the  simultaneous  elevation  of  three  parallel  wires  rest¬ 
ing  at  one  of  their  ends  over  the  axis  of  the  eccentric,  and  with  their 
free  ends  entering  corresponding  holes  in  the  above  frame. 


Fier.  709. 
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An  arrangement  is  adopted,  by  means  of  insulation  and  contact 
properly  applied,  by  which,  when  the  prepared  paper  is  moved  for¬ 
ward,  whenever  the  end  of  one  of  the  external  wires  enters  an  aperture 
in  its  corresponding  row  the  current  passes  in  one  direction ;  and 
when  the  end  of  the  other  wire  enters  an  aperture  of  the  other  row, 
it  passes  in  another  direction.  The  middle  wire  only  acts  as  a 
guide  during  the  operation  of  the  current. 


The  Transmitting  Apparatus. 


The  recording  apparatus  (Fig.  711)  contains  two  pens  or  styles 
entirely  independent  from  each  other  in  their  action,  and  so  arranged 
that,  upon  the  passage  of  the  current  in  one  or  the  other  direction, 
one  or  the  other  of  them  is  depressed ;  and  that  when  the  current 
ceases  they  are  restored  to  their  normal  position  by  the  counteraction 
of  light  springs.  The  free  ends  of  the  pens  are  placed  immediately 
above  two  apertures  in  the  bottom  of  an  ink  reservoir,  which  are 
sufficiently  small  to  prevent  capillary  attraction  and  the  flowing  out 
of  the  ink.  When  the  electro-magnets  act  upon  these  ends,  they 
descend  through  the  apertures,  and  carry  with  them  a  sufficient 
charge  of  iuk  to  make  a  legible  mark  upon  the  ribbon  of  paper 
passing  beneath  them. 

The  alphabet  employed  is  adapted  to  the  existing  code  of  the 
Morse  instruments,  if  the  points  at  one  side  of  the  paper  are  read 


The  Recording  Apparatus. 


as  dots,  and  those  at  the  other  as  dashes.  It  is  stated  that  with 
this  system  five  times  the  quantity  of  signs  at  present  used  can  be 
transmitted  to  moderate  distances,  though  for  considerable  distances 
this  rapidity  might  be  limited  in  conductors  subject  to  inductive 
influences,  the  more  so  as  it  does  not  admit  of  the  application  of 
regularly  inversed  currents. 


THE  ELECTRO-CHEMICAL  TELEGRAPH  has  its  only  representative 
in  the  apparatus  of  M.  Bonelli,  exhibited  in  the  Western  Annex. 

In  it  the  difficulties  which  beset  all  telegraphic  systems  based 
on  synchronism  are  boldly  met  by  the  re-adoption  of  no  less  than 
seven  line  wires,  which  are  sometimes  proposed  to  be  increased  to 
thirteen. 

The  transmitting  apparatus  consist  of  a  small  waggon  about  a 
yard  in  length,  which  receives  the  message  set  up  in  a  line  of 
ordinary  Roman  type,  and  also  a  plate  of  metal  covered  with  several 
layers  of  paper,  moistened  with  a  chemical  solution  (nitrate  of 
manganese),  to  record  the  passing  currents.  This  waggon  is 
detained  by  a  catch  at  the  upper  end  of  a  diminutive  railway,  until 
it  is  released  simultaneously  at  both  the  communicating  and  receiv¬ 
ing  stations  by  means  of  an  electric  escape,  and  impelled  forward 
by  a  weight.  The  type  upon  the  waggon  of  the  transmitting 
station  passes  under  a  series  of  seven  to  thirteen  contact  levers, 
placed  very  close  together,  so  as  to  come  within  the  breadth  of  a 
single  letter,  which  are  connected  by  as  many  line  wires  to  the 
same  number  of  contact  points,  sliding  over  the  prepared  paper  at 
the  receiving  end.  A  battery  being  inserted  in  each  line  wire 
circuit,  the  contact  of  the  surface  of  a  type  with  any  one  of  the 
contact  levers  causes  a  mark  of  decomposition  upon  the  prepared 
paper  at  the  other  end,  and  the  general  result  produced  by  the 
seven  contacts  is  a  configuration  of  marks  representing  the  type 
surface.  The  facsimile  message  thus  received  is  taken  from  the 
receiving  plate,  washed,  dried  by  hot  rollers,  and  sent  off  to  the 
address  of  the  receiver. 

While  appreciating  the  merits  of  ingenious  detail,  it  is  difficult 
to  become  reconciled  to  the  idea  of  going  back  to  seven  line  wires, 
where  one  suffices  for  doing  the  work. 

PRINTING  IN  ROMAN  TYPE. — The  step-by-step  dial  telegraphs 
are  sometimes  accompanied  by  an  additional  apparatus  which  prints 
the  message  in  Roman  type. 

The  difficulty  to  be  overcome  in  these  instruments  arises  chiefly 
from  the  variety  of  functions  to  be  performed,  and  which,  being 
generally  dependent  the  one  upon  the  other,  have  to  be  carried  out 
with  very  great  nicety  in  order  to  be  effective. 

In  the  English  department  we  find  the  printing  telegraph  of  Mr. 
Jacob  Brett  (2863),  by  which  the  first  telegraphic  message  was 
transmitted  in  1850  from  Dover  to  Cape  Grisnez.  This  apparatus 
is  well  known.  While  transmitting,  the  type-wheel  by  its  rapid 
rotation  is  constantly  repelling  a  small  arm  which  threatens  to  drop 
into  a  number  of  incisions  on  its  circumference,  and  so  to  arrest  it. 
If  a  certain  time,  however,  is  allowed  between  one  advance  and  the 
next,  the  intersecting  arm  arrests  the  type-wheel,  and  causes  at  the 
same  time  the  letter  to  be  printed. 

The  small  hydraulic  “governor,”  which  prevents  the  rapid  fall¬ 
ing  of  the  arm  from  arresting  the  type-wheel,  and  Mr.  Brett’s 
important  improvement,  which  allows  the  latter  to  return  to  zero 
after  every  letter  transmitted,  deserve  to  be  mentioned. 

In  Mr.  D’Arlincourt’s  (1444),  Paris,  printing  instrument,  the 
synchronous  rotation  of  two  type-wheels,  combined  with  pointers 
on  a  dial,  is  brought  about  by  means  of  regulating  the  clockwork 
of  their  respective  escapements  by  intermittent  currents.  While 
those  wheels  revolve  regularly,  the  currents  transmitted  occur  in  too 
quick  succession  to  produce  any  effect  on  an  electro-magnet  which 
performs  the  printing  of  the  letter;  the  printing  wheel,  however, 

I  being  arrested,  the  circuit  remains  closed  for  a  longer  time,  and 
causes  the  'isengagement  of  a  second  clockwork,  which  performs  the 
printing  in  the  usual  manner.  Transmitter  and  receiver  both  form 
one  apparatus,  which,  in  its  mechanical  detail,  is  rather  complicated. 
The  idea  of  effecting  the  printing  of  the  letter  by  the  lengthened 
closure  of  the  circuit,  is  analogous  to  that  of  Dr.  W.  Siemens,  in 
whose  apparatus,  constructed  several  years  ago,  the  current  had  to 
magnetize  an  electro-magnet  of  large  dimensions  in  order  to  cause 
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the  printing  of  a  letter,  and  therefore  required  a  longer  time  to  pro¬ 
duce  the  required  effect. 

M.  Breguet  also  constructed  an  apparatus  upon  the  same  principle, 
in  which  the  small  fractions  of  oscillations  produced  by  short  inter¬ 
mittent  currents  were  sufficient  to  disengage  the  escapement  of  the 
type-wheel,  while  the  longer  duration  of  the  current  closed  a  local 
circuit  and  caused  the  letter  to  be  printed. 

MM.  Digney  Freres  (1414),  of  Paris,  have  constructed  an  instru¬ 
ment  of  this  class,  which  utilizes  the  currents  in  both  directions — 
the  positive  current,  with  alternate  interruptions,  to  impart  motion 
to  the  escapement;  and  the  negative  current  to  effect  the  closing 
of  a  local  circuit  which  does  the  printing. 

Every  advance  of  the  pointer  and  the  tape-wheel  is  determined 
by  the  combined  action  of  a  current  and  its  interruption.  The 
electro-magnetic  arrangement  is  composed  of  two  straight  electro¬ 
magnets  placed  parallel,  and  with  their  dissimilar  poles  in  the 
same  direction.  It  is  remarkable  in  so  far  as  it  works  by  repulsion 
upon  two  permanently  magnetic  armatures,  one  of  which  is  placed 
at  each  end  of  the  electro-magnets,  and  attracted  by  their  soft  iron 
cross  while  at  rest. 

Upon  the  passage  of  a  current  in  a  certain  direction,  one  of  the 
armatures  is  repulsed  by  similar  poles,  while  the  other  is  only  more 
strongly  attracted  by  the  polarity  developed  at  the  other  end.  The 
contrary  takes  place  upon  the  passage  of  the  current  in  an  opposite 
direction. 

The  separate  action  of  the  mechanism  which  propels  the  type- 
wheel,  and  of  that  which  performs  the  printing,  is  accomplished  in 
the  manner  first  described.  The  type-wheel  mechanism  is  similar 
to  that  of  the  ordinary  dial  telegraph,  with  the  exception  that  in 
consequence  of  the  double  number  of  currents  to  be  transmitted,  the 
escapement  has  26  teeth  instead  of  13.  The  mechanism  of  the 
printing  apparatus  is  worked  by  a  local  circuit  every  time  a  negative 
current  repulses  the  corresponding  armature.  The  type -wheel, 
having  been  acted  upon  by  the  impulses  received  from  the  first 
armature,  remains  stationary,  while  the  band  of  paper  receives  an 
impression.  The  descent  of  the  striking  lever  causes  the  paper  to 
advance  a  certain  distance,  so  as  to  prepare  it  for  the  next  impres¬ 
sion,  which  in  this  case  may  be  the  same  letter,  without  the 
necessity  of  making  a  revolution  of  the  handle,  provided  the  ink 
is  sufficient  for  producing  two  legible  marks,  one  after  the  other. 
The  ink  is  supplied  by  a  saturated  felt  roller,  resting  by  its  own 
weight  against  the  type.  The  instrument  resembles,  in  manipu¬ 
lation,  that  of  the  ordinary  French  Railway  Telegraph,  but  its  action 
is  slower;  it  is  stated  to  have  transmitted  45  letters  per  minute 
through  a  considerable  current. 

Dujardin  &  Son,  Paris  (1439),  exhibit  a  printing  apparatus, 
which  records  the  message  in  Roman  type  both  at  the  sending  and 
receiving  stations.  The  handle  of  the  transmitter,  upon  being  turned 
once  round,  sends  twenty-six  currents  into  the  line  wire,  alternately 
positive  and  negative,  which  work  a  step-by-step  motion  at  the 
receiving  station,  and  also  a  somewhat  complex  apparatus  called  the 
printing  relay.  The  escapement  of  the  receiving  instrument  causes 
the  rotation  of  a  small  disc  made  of  aluminium,  near  the  edge  of 
which  the  letters  of  the  Roman  alphabet  are  represented  by  a  number 
of  small  holes  threaded  with  silk,  the  whole  having  the  appearance 
of  fine  embroidery.  The  silken  letter  thus  formed  is  saturated  with 
ink  from  a  reservoir  consisting  of  felt  soaked  with  the  same  fluid. 
The  printing  mechanism  is  called  into  action  by  the  depression  of 
the  handle  of  the  transmitter  at  the  sending  station,  which  has  the 
effect  of  completely  interrupting  the  passage  of  the  current  through 
the  line.  Two  springs,  attached  to  the  prolongations  of  two  soft 
iron  cores  of  the  printing  relay,  being  no  longer  retained  by  the 
superior  force  of  the  current,  slightly  disturb  their  parallelism,  and 
draw  against  a  common  contact  surface.  This  closes  a  local  battery 
circuit,  and  the  electro-magnet  of  the  printing  apparatus  descends 


upon  the  letter  brought  under  it  by  the  escapement  motion,  and 
presses  its  inked  surface  against  the  paper  strip  underneath.  While 
rising,  the  lever  disengages  the  detent  of  a  clockwork,  which  advances 
the  paper  a  suitable  distance  to  receive  the  impression  of  the  next 
letter. 

From  the  above  arrangement  it  follows  that  no  difficulty  is 
experienced  in  repeatedly  printing  the  same  letter;  it  suffices  simply 
to  lift  the  lever  of  the  transmitter,  which  has  the  effect  of  breaking 
the  local  circuit  at  the  receiving  station,  while  the  letter  disc  remains 
stationary,  and  a  new  depression  of  the  lever  is  then  followed  by 
a  new  descent  of  the  lever  and  felt  upon  the  letter,  which  in  this 
manner  receives  a  continuous  supply  of  ink.  Only  one  battery  is 
required  at  each  station,  which,  it  is  stated,  need  not  be  of  extraor¬ 
dinary  power.  The  printing  relay  is  capable  of  being  used  for  the 
purposes  of  automatic  translation,  like  that  of  Morse;  and  the  speed 
attained  is  stated  to  have  been  one  hundred  letters  per  minute. 

IV.— TESTING  INSTRUMENTS  AND  OTHER  APPLICATIONS  OF 
ELECTRICITY. 

The  success  of  submarine  telegraphs,  and  even  of  underground 
lines,  depends  in  a  very  great  measure  upon  the  electrical  tests 
which  have  to  be  applied  in  the  course  of  manufacture,  and  in  laying 
down  the  wire  in  order  to  make  sure  of  a  perfect  insulating  covering  ; 
the  methods  and  instruments  applied  in  making  these  tests  are 
therefore  of  the  highest  practical  importance.  The  first  method 
which  was  resorted  to  in  testing  the  gutta-percha-covered  line 
wires  laid  down  in  Prussia  between  the  years  1847  and  1851  con¬ 
sisted  in  the  passing  of  an  electric  shock  from  an  induction  apparatus 
through  the  body  of  the  operator  whenever  a  faulty  place  passed 
through  his  hands,  followed  by  a  more  delicate  and  final  test  by 
means  of  sensitive  galvanometers  after  complete  immersion  of  the 
coil  in  acidulated  water.  Since  that  time  various  methods  of  testing 
have  been  proposed,  and  successfully  employed,  which  may  be  said 
to  have  attained  their  highest  development  in  the  one  adopted  by 
the  writer  on  behalf  of  the  British  Government  for  testing  the  Malta 
and  Alexandria  cable.  The  instruments  employed  on  that  occasion 
are  exhibited  by  Messrs.  Siemens,  Halske,  &  Company,  and  consist 
in  a  modification  of  Wheatstone’s  bridge  for  determining  the  resist¬ 
ance  of  copper  wire  and  insulating  covering,  combined  with  a  very 
delicate  sine  galvanometer.  There  are  three  branches  of  resistances 
in  the  former,  the  unknown  resistance  being  the  fourth.  Two 
branches  are  capable  of  assuming  variable  proportions,  so  that  resist¬ 
ance  between  the  limits  of  yd_0  to  one  million  of  units  can  be 
measured  with  great  accuracy.  The  unit  of  resistance  is  that  pro¬ 
posed  by  Dr.  Werner  Siemens,  viz.,  the  resistance  of  a  column 
of  mercury  one  metre  in  length,  and  one  square  millimetre  sectional 
area,  at  zero  of  the  centigrade  scale.  The  same  arrangement  is 
used  on  board  ship  in  conjunction  with  a  galvanometer  expressly 
constructed  for  the  purpose,  so  as  not  to  be  influenced  by  the  varia¬ 
tions  of  the  earth’s  magnetism,  nor  by  the  changing  magnetism  or 
the  motion  of  the  ship.  These  arrangements  also  include  a  galvano¬ 
meter,  which  can  be  adapted  for  the  measurement  of  currents  by 
sines  or  tangents,  simply  by  changing  the  needle  of  the  instrument. 

A  very  convenient  instrument  for  experimental  research  is  the 
accumulative  discharger  of  Dr.  Siemens.  By  means  of  a  novel 
kind  of  regulator,  a  clockwork  is  made  to  move  with  great  regularity. 
Two  eccentrics  set  in  motion  thereby  cause  a  series  of  contacts  to 
be  made  and  broken  with  a  degree  of  rapidity  which  can  be  regu¬ 
lated  to  great  nicety  by  the  pressure  of  a  spring.  The  number  of 
permutations  effected  is  indicated  on  a  dial,  and  a  break  is  supplied, 
by  means  of  which  the  instrument  can  be  started  or  stopped  at  any 
moment. 

An  exceedingly  delicate  instrument,  especially  adapted  for  use  at 
sea,  is  Professor  Thomson’s  portable  galvanometer,  exhibited  by  Mr. 
James  White  of  Glasgow.  It  consists  of  a  mirror,  resembling  that 
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of  Weber,  suspended  within  a  circular  magnetic  case,  which  over¬ 
powers  any  disturbing  magnetic  influence  from  surrounding  objects. 
The  deflections  are  shown  by  the  reflection  of  a  luminous  point  on  an 
opposite  scale,  and  remain  perfectly  steady,  however  much  the  ship 
may  roll.  A  portable  galvanometer,  on  Dr.  Joule’s  principle,  and 
a  “static  reaction  governor”  (Thomson  and  Jenkins’  patent),  for 
obtaining  uniform  motion,  especially  for  telegraphic  apparatus,  are 
also  exhibited. 

A  variety  of  galvanometers,  and  several  resistance  coils,  are  also 
to  be  found  on  the  French  side  at  the  stalls  of  Messrs.  Brequet 
(1413),  Digney  Fieres  &  Company  (1414),  and  M.  Mouilleron- 
Vinay  (1438).  Amongst  these  is  a  tangent  galvanometer  after  M. 
Gaugain  by  MM.  Digney  Freres,  upon  his  well-known  principle 
that  the  tangent  of  the  deflections  are  almost  absolutely  proportional 
to  the  intensities,  if  the  needle  occupies  the  summit  of  an  upright 
cone  with  the  circular  current  for  its  base. 

Mr.  Varley  (2981)  has  an  ingenious  combination  by  which  even 
persons  unacquainted  with  the  mode  of  making  electrical  tests  are 
enabled  to  determine  the  place  of  a  fault  in  a  defective  line  of  tele¬ 
graph  consisting  of  more  than  one  wire.  Two  values,  obtained  by 
two  simple  observations  on  a  differential  galvanometer,  form,  one  the 
denominator,  the  other  the  numerator  of  a  fraction,  which  represents 
in  parts  of  the  whole  length  of  the  line  the  distance  between  the  fault 
and  the  operator.  Mr.  Varley  also  exhibits  a  machine  by  means 
of  which  any  degree,  however  small,  of  statical  charge,  once  imparted 
to  part  of  his  apparatus,  is  increased  by  a  very  ingenious  disposal 
of  its  own  inductive  qualities  to  any,  and  even  the  largest,  amount. 
This  is  done,  without  the  application  of  friction,  on  the  following 
principle  : — A  conducting  surface  having  received  the  fundamental 
charge,  induces  an  opposite  polarity  in  a  parallel  surface  placed 
opposite.  This  latter  is  capable  of  revolving,  and  thus  imparting 
its  charge  to  a  second  hitherto  indifferent  surface,  after  which  a 
short  contact  with  earth  is  sufficient  to  make  the  inducing  surface 
receive  in  its  turn  a  charge  of  induction  from  the  second  one,  which 
in  course  of  revolution  tends  to  increase  the  charge  of  the  original 
surface  which  received  the  first  charge.  This  contrivance  is  equally 
applicable  for  use  as  an  electrometer,  by  which  very  small  quantities 
of  electricity  can  be  measured,  or  for  any  other  purpose  where 
frictional  electricity  has  been  employed. 

Mr.  H.  Watson  (2986)  of  Newcastle-on-Tyne  exhibits  a  well- 
made  hydro-electrical  machine  of  similar  construction  to  Sir  William 
Armstrong’s  original  apparatus. 

A  collection  of  instruments,  used  at  Kew  Observatory,  is  ex¬ 
hibited  by  Mr.  P.  Adie  (2847)  of  London.  Among  these  is  a  self- 
recording  magnetograph,  which  continually  registers  the  minute 
changes  occurring  in  the  earth’s  magnetism ;  a  unifilar  magneto¬ 
meter,  for  determining  the  magnetic  declination,  and  at  the  same 
time  the  value  of  the  horizontal  component  of  terrestrial  magnetism ; 
a  dip  circle,  with  Dr.  Lloyd’s  adjustment,  and  the  Kew  standard 
barometer;  and  an  electric  registering  thermometer,  based  upon 
the  extension  and  contraction  of  a  spiral  composed  of  two  metals, 
connected  at  one  end  to  a  writing  lever,  similar  to  the  instrument 
known  as  Breguet’s  metallic  thermometer,  which  is  also  exhibited 
by  its  inventor,  and  which  consists  of  a  tine  spiral  of  three  metals 
suspended  at  the  top,  and  indicating  the  changes  of  temperature  on 
a  dial  underneath. 

Messrs.  Siemens,  Halske,  &  Company  (2939)  exhibit  an  instru¬ 
ment  called  a  resistance  thermometer,  which  indicates  changes  of 
temperature  in  inaccessible  places  by  the  variations  in  the  resistance 
of  a  given  length  of  copper  wire,  which  can  be  measured.  This 
instrument  was  successfully  employed  during  the  manufacture  of 
the  Malta  and  Alexandria  telegraph  as  a  means  of  control  over  the 
temperature  of  a  mass  of  coiled  cable. 

A  large  Volta-induction  coil,  involving  some  novel  principles  in  its 
construction,  and  which  has  vielded  sparks  23  inches  in  length, 


with  six  large  Bunsen  elements,  is  exhibited  by  Messrs.  Siemens 
&  Halske  of  Berlin  (1413) ;  it  consists  of  an  iron  core  nearly  two 
and  a  half  inches  in  diameter  and  37  inches  long,  composed  of  single 
wires,  which  is  covered  by  a  primary  coil.  The  space  for  the 
secondary  coil  is  divided  into  150  compartments,  each  separated 
from  the  next  by  a  disc  of  ebonite.  These  compartments  are  filled 
with  the  wire,  which  is  afterwards  joined  to  form  one  continuous 
length  of  6'7  statute  miles,  weighing  64  lbs.  The  number  of  wind¬ 
ings  falls  little  short  of  300,000.  This  arrangement  tends  greatly 
to  diminish  the  tension  of  the  contiguous  wires.  Owing  to  the 
particular  construction  of  this  coil,  it  gave,  at  a  trial  made  some 
time  ago  before  the  Royal  Society,  at  least  the  same  results,  with  its 
six  and  a  half  miles  of  secondary  wire,  as  one  of  the  ordinary  con¬ 
struction  containing  fifty  miles. 

Mr.  W.  D.  Hart  (2906)  of  Edinburgh  exhibits  an  induction  coil 
giving  4-inch  sparks.  Mr.  W.  Ladd  (2925)  of  London  also  shows 
a  similar  description  of  apparatus,  and  some  of  Professor  Abel’s  fuses, 
which  are  said  to  be  ignited  by  less  powerful  currents  than  are 
usually  employed. 

The  application  of  electricity  for  horological  purposes  has  found 
numerous  representatives,  amongst  whom,  in  the  English  depart¬ 
ment,  the  British  and  Irish  Magnetic  Telegraph  Company,  who  show 
an  arrangement  for  controlling  clocks  based  upon  the  completion  of 
a  circuit  by  the  pendulum  of  the  controlling  through  the  coil  attached 
to  the  pendulum  of  the  controlled  clock.  This  coil  beats  to  and  fro 
over  several  permanent  magnets,  which  serve  to  apply  any  small 
connection  of  its  relative  position  at  every  beat,  and  thus  produce 
the  similar  vibrations  of  the  pendulum  of  the  controlled  clock  with 
that  of  the  controller. 

Mr.  Henley  (2908)  of  London  employs  the  ordinary  method,  with 
the  difference  that  he  sends  alternate  currents  from  a  pendidum 
which  act  upon  the  electro-magnetic  arrangement  of  the  clocks 
forming  the  circuit. 

Chronographs  are  exhibited  by  the  Swiss  Atelier  of  Telegraphs 
(151),  which  write  in  ink  by  the  lateral  impulses  given  to  one  or  the 
other  of  two  inked  discs  resting  upon  the  paper ;  also  by  M.  Mouil- 
leron-Vinay  of  Paris  (1438) ;  M.  Gloesener  (349)  of  Belgium  ; 
M.  Ausfeld  of  Gotha  (Zollverein,  2625),  and  others ;  and  a  variety 
of  magneto-electrical  machines  for  medical  purposes  by  numerous 
exhibitors. 

Messrs.  Siemens,  Halske,  &  Company,  have  applied  electricity  for 
the  purpose  of  registering  the  motion  of  a  Massey’s  log  in  the  cabin 
of  the  ship  in  a  continuous  manner.  For  this  purpose  the  rope  to 
which  the  log  is  attached  incloses  an  insulated  conductor  terminating 
in  a  contact  arrangement  contrived  in  the  framework  of  the  log. 
The  rate  of  the  ship  through  the  water,  and  the  total  distance  made, 
can  by  this  means  be  ascertained  at  any  moment  without  interrupt¬ 
ing  the  registration  of  the  log.  Instruments  of  this  description 
have  been  used  by  them  with  advantage  in  paying  out  submarine 
cables,  where  it  is  of  great  importance  to  know  the  precise  rate  of 
motion  of  the  vessel  through  the  water. 

In  the  Western  Annex  there  are  two  magneto-electric  machines 
for  the  production  of  electric  light,  one  by  Mr.  Holmes  (England), 
and  another  by  M.  Aug.  Berlioz  (France).  The  distinguishing 
feature  between  the  two  is  the  absence,  in  the  French  machine,  of  a 
commutator  for  turning  the  opposite  currents  produced  into  oue 
continuous  direction.  Mr.  Holmes  derives  his  electric  power  from 
a  large  number  (196)  of  permanent  magnets  and  a  revolving  arma¬ 
ture  wheel  which  passes  in  close  proximity  before  their  poles.  The 
opposite  currents  thus  produced  are  directed  through  metallic  rollers 
forming  the  commutator  to  the  carbon  points  of  the  electric  lamp. 

In  the  French  machine  the  terminals  of  the  coils  are  so  connected, 
that  those  through  which  the  currents  occur  simultaneously  in  the 
same  direction  are  together.  The  two  poles  thus  formed  are  con¬ 
nected  with  one  of  M.  Serrin’s  electric  lamps,  which  gives  an 
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uninterrupted  light  of  uncommon  brilliancy,  notwithstanding  the 
employment  of  currents  in  alternately  opposite  directions.  It  is 
difficult  to  conceive  a  reason  why  Mr.  Holmes  uses  a  commutator 
which  only  serves  to  complicate  his  machine,  and  gives  rise  to  loss 
of  current,  as  is  shown  by  the  stream  of  sparks  between  his  contact 
rollers.  The  continuous  current  which  he  produces  is  of  no  advan¬ 
tage  to  the  production  of  light,  but  introduces  on  the  contrary  the 
difficulty,  of  wearing  one  of  the  carbon  points  very  rapidly,  whereas 
with  changing  currents,  both  points  wear  equally  and  much  more 
slowly. 

Both  systems  are  in  practical  application,  Mr.  Holmes  providing 
one  or  two  lighthouses  on  the  English  coast,  and  that  of  M.  Berlioz 
being  used  by  a  French  company  in  Paris.  We  venture  to  assert, 
however,  that  the  Fresnel  lamps  commonly  used  for  lighthouses 
will  maintain  their  position  against  their  electric  rivals;  for  the 
dazzling  brightness  of  the  electric  flash  of  light  is  considered  a  posi¬ 
tive  disadvantage  by  practical  sailors,  except  during  the  time  of  a 
hazy  atmosphere  not  amounting  to  a  fog,  and  the  difficulty  and 
expense  of  maintaining  the  electrical  apparatus,  including  a  steam 
engine  for  working  it  in  operation  upon  island  rocks,  is  very  con¬ 
siderable. 

Tn  the  electric  lamps  by  Messrs.  Murray  &  Heath  of  London 
(2937),  the  electrodes  are  kept  at  a  constant  distance,  which  is 
regulated  by  that  between  the  magnets  and  then-  keepers,  and  the 
strength  of  current  employed. 

The  electric  lamp  of  M.  Serrin  (1437),  Paris,  is  based  upon  a 
very  ingenious  system,  in  which  the  electric  current  itself  regulates 
the  distance  of  the  charcoal  points  by  a  system  of  oscillation  which 
comes  into  action  as  soon  as  contact  has  once  been  established. 
The  superior  qualities  of  this  system  have  been  exemplified  in  the 
Western  Annex  and  elsewhere  in  London,  where  its  regular  action 
has  not  failed  to  excite  attention. 

Among  the  applications  of  electricity  to  mechanical  processes, 
Mr.  Bonelli’s  electric  silk  loom,  in  the  Western  Annex,  stands  fore¬ 
most.  Instead  of  the  many  pierced  cards  of  the  Jacquard  loom, 
there  is  but  one  single  plate  of  brass  pierced  with  the  requisite 
number  of  holes  (400  in  the  loom  exhibited) ;  this  is  made  succes¬ 
sively  to  represent  the  cards  of  the  Jacquard  by  the  holes  being 
filled  with  groups  of  buttons,  or  left  open,  according  to  the  design. 
The  latter  is  drawn  with  black  bituminous  varnish  upon  the  metallic 
surface  of  a  piece  of  tinfoil,  which  is  stretched  upon  a  sheet  of  paper 
forming  an  endless  band,  and  moved  forward  by  a  roller.  A  series 
of  weighted  teeth,  insulated  from  each  other,  and  of  equal  number 
to  the  openings  in  the  brass  plates,  rest  in  line  upon  the  design  and 
its  background,  making  contact  as  it  proceeds  upou  the  tinfoil,  and 
remaining  insulated  when  the  varnish  intervenes.  Each  of  these 
teeth  communicates  with  the  coil  of  a  small  electro-magnet,  a  cor¬ 
responding  number  of  which  are  arranged  in  several  rows  parallel  to 
each  other,  and  with  their  free  ends  connected  to  a  Bunsen’s  battery, 
the  other  pole  of  which  is  in  continuous  contact  with  the  tinfoil  of 
the  pattern  sheet.  When  the  weaver  depresses  the  pedal  with  his 
foot,  the  teeth  descend  on  the  design,  those  touching  metal  surface 
closing  a  circuit,  the  remainder  touching  varnished  surface  remain¬ 
ing  unaffected. 

A  certain  portion  of  the  electro-magnets  is  thereby  made  active, 
and  attracts  an  equal  portion  out  of  a  number  of  soft  iron  cylinders 
or  pistons,  brought  against  them  by  the  simultaneous  movement  of 
a  frame.  Upon  the  raising  of  the  pedal  the  frame  recedes  with 
the  pistons  which  have  not  been  attracted,  leaving  the  rest,  which 
continue  to  be  retained  by  the  electro-magnets,  about  half  an  inch 
behind.  The  pistons  are  thus  divided  into  two  groups,  of  which  the 
foremost  one  in  the  receding  frame  is  caught  by  the  above-mentioned 
brass  plate — perforated  with  as  many  holes  as  there  are  pistons — 
which  slightly  descends  and  lodges  behind  the  small  heads  with 
which  the  pistons  are  provided.  These  latter  are  thereby  prevented 


from  receding,  while  those  of  the  other  group  leave  their  corres¬ 
ponding  holes  open.  The  Jacquard  card  is  thus  formed  ready  to 
act  on  the  rods  which  regulate  the  arrangement  of  the  warp  threads. 
The  great  difficulty  with  this  loom  has  been  to  insure  certainty  of 
action ;  in  order  to  arrive  at  this  result,  the  power  required  from 
each  electro-magnet  has  gradually  been  reduced  to  a  minimum,  and 
it  is  to  be  hoped  that  the  long-continued  efforts  of  its  ingenious 
inventor  will  lead  to  complete  success. 

Another  application  of  electricity  in  the  processes  of  manufacture 
is  an  engraving  machine  exhibited  by  Mr.  H.  Garside  of  Manchester, 
which  prepares,  on  cylinders  of  copper  or  brass,  the  designs  for 
printing  woven  fabrics  and  paper-hangings.  The  cylinder  which 
receives  the  pattern  is  coated  with  a  film  of  varnish,  and  has  a 
number  of  diamond  points  parallel  with  its  axis,  and  in  close  proxi¬ 
mity  to  its  surface  ;  these  are  so  arranged  that  each  advances  against 
the  cylinder  upon  the  attraction  of  a  keeper  by  an  electro-magnet, 
and  thereby  scratches  or  pierces  the  film  of  varnish  as  long  as  the 
keeper  remains  attracted.  The  original  design,  which  may  be  upon 
a  different  scale,  is  traced  w'ith  an  insulating  varnish  on  a  leading 
surface,  forming  the  mantle  of  a  cylinder,  against  which  a  style 
alternately  makes  and  breaks  contact  according  to  the  nature  of 
the  design.  The  circuit  being  closed,  it  passes  through  as  many 
electro- magnetic  arrangements  as  desired,  thereby  producing  a  re¬ 
petition  of  the  pattern  ad  libitum.  The  engraved  cylinder  is 
afterwards  treated  with  acids  in  the  usual  manner.  The  same 
apparatus  might  be  employed  to  advantage  for  the  reproduction  of 
engravings  on  an  enlarged  or  diminished  scale. 

It  has  from  time  to  time  been  attempted  to  obtain  motive  power 
by  means  of  electricity,  and  on  the  present  occasion  we  have  to 
notice  a  machine  exhibited  by  Mr.  M'Callum,  of  Plymouth,  for  that 
purpose.  The  great  mechanical  difficulty  which  prevents  the  appli¬ 
cation  of  electro-magnetism  as  motive  power  in  prime  movers,  is 
the  short  distance  through  which  the  action  of  magnetism  extends. 
This  has  been  sought  to  be  overcome,  in  this  as  well  as  in  many 
previous  attempts,  by  calling  into  action,  seriatim ,  a  number  of 
electro-magnets  to  complete  a  single  stroke  of  the  working  beam. 
It  is  possible  by  this  means  to  work  a  crank  of  one  or  two  inches 
in  length,  with  sufficient  power  to  turn  an  amateur  lathe ;  but  it 
admits  of  easy  demonstration  that  the  electrical  power  machine, 
with  zinc  for  its  fuel  and  acid  to  burn  it,  cannot  be  made  to  rival 
steam  or  caloric  engines  generally  for  cheapness  of  effect. 

Mr.  Lenoir  of  Paris  (1188)  employs  the  spark  from  an  induc¬ 
tion  coil  to  ignite  the  mixture  of  gas  and  atmospheric  air  in  the 
cylinder  of  his  explosive  gas  engine.  The  circuit  is  broken  by 
the  action  of  the  piston  at  a,  certain  period  of  each  stroke,  when  a 
spark  passes  between  two  platinum  poles  and  ignites  the  gases 
within  the  cylinder. 

The  important  process  of  electro-plating  by  magneto-electricity 
is  shown  by  Mr.  Lyons  in  the  vicinity  of  Mr.  Holmes’  machine. 
Electro-plating  and  gilding,  together  with  the  electrotype  process, 
constitute,  next  to  the  telegraph,  unquestionably  the  most  important 
application  of  electricity,  and  the  Exhibition  abounds  in  the  splendid 
results  obtained  through  their  agency  in  the  fine  arts,  the  printing, 
and  other  departments. 

Mr.  E.  Vincenzi’s  (Italy)  electric  indicator  for  the  safety  of  a 
railway  train  in  motion  (1029)  is  also  shown  in  the  Western  Annex 
under  Class  7a.  Its  arrangement  is  as  follows:  —  At  every 
kilometer  distance  along  the  line  there  is  an  insulated  bar  of  iron 
at  about  the  height  of  the  railway  carriage ;  all  these  bars  com¬ 
municate  with  both  stations  by  means  of  a  telegraph  wire,  and  serve 
for  the  purpose  of  making  contact  at  short  intervals  with  the  tender 
of  a  train  in  motion,  by  means  of  sliding  springs  attached  to  the 
tender.  The  signalling  is  effected  by  the  action  of  three  batteries,  one 
at  each  station,  and  a  third  on  the  tender ;  one  station  and  all  the 
trains  departing  from  it  have  their  batteries  connected  with  the 

3  z 


546 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


positive  poles  to  the  line,  balancing  each  other  at  every  occurence 
of  the  contact  as  the  train  proceeds.  A  bell  placed  on  the  tender 
and  inserted  in  the  circuit,  is  rung  whenever  the  station  reverses  its 
battery  or  a  train  approaches  from  the  opposite  direction,  which,  in 
common  with  the  station  from  which  it  departs,  has  the  negative 
pole  of  its  battery  connected  with  the  line  and  the  other  to  earth. 
The  establishment  of  an  earth  connection  somewhere  on  the  line 
has  the  same  effect,  and  enables  a  signalman  to  give  a  warning  to 
the  approaching  train.  The  system  has  had  a  practical  trial  and, 
it  is  stated,  is  on  the  point  of  being  introduced  on  a  larger  scale  on 
the  Tuscan  railway. 

Several  other  electrical  machines  and  miscellaneous  applications 
of  electricity  are  shown  in  the  building,  which  are  either  too  obvious 
or  not  of  sufficient  importance  to  deserve  special  notice.  Enough 
has  been  said,  it  is  thought,  to  prove  the  practical  importance  of  the 
subject,  and  the  high  degree  of  scientific  and  practical  development 
which  it  has  received  during  the  last  decennium. 


8— ELECTRO-DEPOSITION. 


By  George  Gore,  Esq.,  Edgebaston,  Birmingham. 

rr»?  S  “  regulators  of  productive  industry  ”  the  de- 
$)  pendence  of  our  daily  comforts,  pleasures,  and 
luxuries  upon  abstract  scientific  principles, 
and  the  influence  of  those  principles  as 
upon  manufacturing  and  artistic  operations, 
seen  nowhere  in  the  Exhibition  more 
strikingly  displayed  than  in  the  various 
useful  and  beautiful  objects  produced 
or  ornamented  by  the  aid  of  electro¬ 
deposition. 

Twenty-five  years  ago  this  pro¬ 
cess  was  for  all  practical  pur¬ 
poses  unknown  ;  the  method 
employed  at  that  time  for  pro¬ 
ducing  hollow  articles,  such  as  jugs,  vases,  &c.,  of  the  precious 
metals  was  by  stamping  them  in  parts,  in  gold,  silver,  or  silver- 
plated  copper,  and  then  joining  those  parts  together  by  means  of 
solder  to  form  the  complete  article  ;  and  the  method  employed  for 
producing  large  figures,  statues,  &c.,  in  copper,  was  by  the  ordinary 
process  of  casting. 

But  since  that  time  the  hand  of  science  has  been  at  work  ;  the 
philosopher  has  investigated  the  laws  of  electrolysis  and  the  proper¬ 
ties  of  nearly  all  known  metallic  solutions  in  relation  to  the  electric 
force;  the  scientific  inventor  has  applied  those  laws  and  properties 
to  the  production  of  a  great  variety  of  useful  and  beautiful  things; 
and  the  manufacturer  has  multiplied  these  productions,  and  spread 
the  benefits  of  science  far  and  wide. 

In  the  present  Exhibition  we  find  electro-deposition  applied  in  a 
variety  of  ways.  In  Class  16,  Musical  Instruments,  the  beautiful 
metal-work  of  pianos  is  gilded  by  this  process.  In  Class  28,  Print¬ 
ing,  there  are  numerous  and  varied  applications  of  it  for  the  multi¬ 
plication  of  printing  surfaces,  such  as  set-up  type,  and  engraved 
surfaces  of  copper  and  steel,  in  electro-copper ;  the  copying  of 
figured  surfaces  of  gutta-percha  and  india-rubber ;  and  specimens  of 
engraved  copper  plates,  protected  from  rapid  wear  in  the  printing 
process  by  a  thin  coating  of  electro-deposited  iron.  In  Class  30, 
Furniture,  various  metallic  ornamental  portions  of  cabinets  are 
elegantly  electro-gilded.  In  Class  31,  Hardware,  there  are  electro- 
gilded  portions  of  grates  and  fireplaces ;  also  a  variety  of  articles 
liable  to  corrosion,  such  as  statues,  pillars,  lamp-posts,  garden 


ornaments,  ships’  bolts,  rails,  &c.,  and  numerous  other  articles 
constructed  of  wrought  and  cast-iron,  thickly  coated  with  copper 
by  the  electro-process  to  preserve  them  from  decay.  But  it  is  in 
Class  33,  Precious  Metals,  &c.,  that  the  most  useful,  the  most 
extensive,  and  the  most  beautiful  applications  of  the  electro-de¬ 
positing  force  are  exhibited — first,  there  are  the  commoner  articles 
of  daily  use,  such  as  tea-pots,  coffee-pots,  cream-jugs,  sugar-basins, 
forks,  spoons,  ladles,  fish-knives,  sugar-tongs,  nut- cracks,  snuffers, 
candlesticks,  plates,  trays,  cruet-stands,  fruit-baskets,  &c.,  which 
are  formed  either  of  Britannia  metal,  or  in  the  better  class  of  articles 
of  nickel-silver,  and  then  plated  with  silver  or  gilt  by  the  electro¬ 
process  ;  second,  the  larger,  more  beautiful,  and  more  expensive 
articles,  such  as  candelabra,  presentation  pieces,  statuettes,  and 
tables,  formed  of  nickel  silver,  and  ornamented  by  electro  gold  and 
silver,  and  in  some  cases  formed  wholly  of  electro-deposited  gold 
and  silver ;  and  third,  there  are  the  beautiful  statues  in  copper  of 
various  dimensions,  small,  life-size,  and  heroic,  made  entirely  of 
electro-deposited  metal.  To  each  of  these  divisions,  but  to  the 
last  in  particular,  I  shall  have  occasion  again  to  refer. 

It  must  not  be  supposed  that  these  various  results  sprung  up  in 
a  day  ;  they  are  the  fruits  of  long-continued  labours  of  philosophers, 
inventors,  and  men  of  business  ;  and  the  following  are  a  few  of  the 
leading  circumstances  under  which  they  were  developed. 

The  art  itself  is  essentially  dependent  upon  the  original  discovery 
of  the  philosopher  Volta  in  the  year  1799,  that  when  a  pair  or  series 
of  different  metals  are  brought  into  contact  with  a  suitable  liquid  a 
current  of  electricity  is  generated  ;  and  also  upon  the  discovery  of 
Messrs.  Nicholson  &  Carlisle,  May  2,  1800,  Dr.  Henry  of  Manches¬ 
ter  in  the  same  year,  and  Hisinger  &  Berzelius  in  1803,  that  a 
current  of  electricity  passed  through  a  conducting  liquid,  decomposed 
the  ingredients  of  that  liquid,  and  caused  their  elements  to  be  set 
free  at  the  two  immersed  electric  poles.  This  decomposition  is 
now  well  known  by  the  term  “  electrolysis.” 

The  earliest  recorded  instance  of  the  deposition  of  metals  by 
electrolysis  appears  in  a  paper  by  Dr.  Wollaston  in  the  Philosophical 
Transactions  of  the  Royal  Society  of  1801,  where  it  states,  that  “  if 
a  piece  of  silver  in  connection  with  a  more  positive  metal  be  put 
into  a  solution  of  copper,  the  silver  is  coated  over  with  the  copper, 
which  coating  will  stand  the  operation  of  burnishing.”  The  next 
indication  of  the  process,  and  the  first  instance  of  its  application 
to  an  artistic  purpose,  appears  in  a  letter  from  Brugnatelli  to  Van 
Mons  in  the  Philosophical  Magazine ,  1805,  stating  that  Brugnatelli 
“  gilt  in  a  complete  manner  two  large  silver  medals,  by  bringing 
them  into  communication  by  means  of  a  steel  wire,  with  the  nega¬ 
tive  pole  of  a  voltaic  pile,  and  keeping  them  one  after  the  other 
immersed  in  ammoniuret  of  gold,  newly  made  and  well  saturated.” 

From  this  period  no  further  notice  appears  to  have  been  recorded 
of  its  application  until  about  the  year  1834,  when  Mr.  Henry  Bes¬ 
semer  of  Camden  Town  electro-deposited  “  copper  on  lead  castings, 
so  as  to  produce  antique  heads  in  relief  for  mantel-piece  ornaments.” 
(See  Encyclopcedia  Britannica,  8th  edition,  article  Electrotype,  page 
627.) 

About  two  years  after  this  the  process  of  electro-plating  was 
again  foreshadowed  by  the  discovery  of  Daniell’s  battery,  in  which 
the  negative  element  consisted  of  a  sheet  of  copper  immersed  in  a 
solution  of  sulphate  of  copper;  and  Mr.  De  la  Rue  in  experimenting 
upon  this  form  of  battery  records  in  the  Philosophical  Magazine  for 
1836,  the  following  passage: — “The  copper  plate  is  also  covered 
with  a  c  .ating  of  metallic  copper,  which  is  continually  being  de¬ 
posited  ;  and  so  perfect  is  the  sheet  of  copper  thus  formed,  that, 
being  stripped  off,  it  has  the  counterpart  of  every  scratch  of  the 
plate  on  which  it  is  deposited.” 

The  attention  of  various  experimentalists  and  inventors  appears 
now  to  have  been  directed  to  the  subject,  amongst  whom  were 
Professor  Jacobi  of  St.  Petersburg,  Mr.  Thomas  Spencer  of  Liver- 
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pool,  and  Wm.  C.  J.  Jordan,  a  book-printer,  each  of  whom  suc¬ 
ceeded  in  copying  medals  and  engraved  copper-plates  by  the  new 
process.  Professor  Jacobi  was  the  first  to  publish  his  results,  of 
which  a  notice  appeared  in  the  Atlienceum,  May  4,  1839.  Imme¬ 
diately  upon  this  Mr.  Spencer  gave  notice,  May  8th,  to  the  Liver¬ 
pool  Polytechnic  Institution  of  his  intention  to  read  a  paper  on  the 
subject,  but  the  paper  was  not  then  communicated.  Soon  after 
this,  June  8th,  1839,  a  paper  was  published  by  Mr.  Jordan  in  the 
London  Mechanic's  Magazine,  describing  the  process  he  employed, 
and  suggesting  various  applications  of  it  to  useful  purposes.  On 
the  13th  of  September  of  the  same  year  Mr.  Spencer  read  his  post¬ 
poned  paper  before  the  British  Association,  and  illustrated  it  by 
various  specimens  both  of  electrotypes  and  printing  from  electro¬ 
types. 

The  public  mind  was  now  fully  aroused  to  the  importance  and 
probable  value  of  the  application  of  electrolysis  to  industrial  and 
artistic  operations,  and  for  several  years  the  art  of  electrotype 
was  a  favourite  occupation  with  persons  fond  of  scientific  pursuits. 
The  apparatus  employed  is  shown  in  the  annexed  figure  (712),  in 
which  b  is  a  medal  to  be  copied  or  coated, 
and  is  immersed  in  a  solution  of  sulphate  of 
copper  in  the  large  outer  glass  vessel ;  a 
copper  wire,  C,  connects  the  medal  at  A  with 
a  bar  of  amalgamated  zinc  suspended  in  an 
unglazed  or  porous  earthenware  cell,  d,  nearly 
filled  with  dilute  sulphuric  acid,  and  placed 
in  the  cupreous  solution ;  a  few  crystals  of 
sulphate  of  coppe?  are  placed  upon  the  per¬ 
forated  copper  shelf  in  the  copper  solution, 
and  supply  it  with  fresh  copper  as  the  deposi¬ 
tion  proceeds.  Various  persons  were  also 
engaged,  particularly  in  Birmingham,  in  en¬ 
deavours  to  apply  it  successfully  on  a  manu¬ 
facturing  scale  to  the  coating  of  various 
articles  with  copper,  silver,  and  gold,  and  to 
the  multiplication  of  various  works  of  art  and 
sculpture  for  ornamental  and  other  purposes. 
It  was  about  this  time  also  (1840)  that  Mr. 
Murray  proposed  the  use  and  employed  plumbago  to  render  non¬ 
conducting  surfaces  conductible  for  electricity,  and  Mr.  Smee 
invented  his  platinized  silver  battery. 

At  this  period,  and  for  several  years  previously,  the  attention  of 
several  persons  was  attracted  to  the  subject  with  the  view  of  making 
it  a  profitable  speculation.  Foremost  among  these  were  Messrs.  G. 
R.  &  H.  Elkington,  who  were  engaged  commercially  in  the  year  1838 
in  coating  military  and  other  metal  ornaments  with  gold  and  silver, 
by  immersing  them  in  various  solutions  of  those  metals,  particularly 
a  boiling  solution  of  carbonate  of  potash  containing  dissolved  gold. 
They  also  employed  and  patented  (July,  1838)  a  process  for  coating 
copper  and  brass  with  zinc  by  means  of  an  electric  current  gene¬ 
rated  by  a  piece  of  zinc  attached  to  the  articles  by  a  wire,  and 
immersed  in  the  metallic  solution  with  them  ;  this  was  the  first 
patent  in  which  a  separate  current  of  electricity  was  employed  for 
plating  purposes. 

At  the  same  period  (1840)  Mr.  John  Wright,  a  surgeon  of  Bir¬ 
mingham,  and  Mr.  Alexander  Parkes,  an  experimentalist  in  the 
service  of  Messrs.  Elkington,  were  constantly  engaged  in  electro¬ 
deposition  experiments  to  obtain  with  silver  and  gold  similar  results 
to  those  obtained  by  Jacobi  and  Spencer  with  copper,  viz.,  thick 
deposits  of  firm  coherent  metal  of  good  colour,  but  without  success. 
At  this  juncture  Mr.  Wright  met  with  a  passage  in  Scheele’s 
“  Chemical  Essay”  (pages  405  and  406),  which  soon  proved  of 
the  highest  degree  of  importance  to  the  commercial  success  of  the 
art.  Speaking  of  the  solubility  of  the  oxides  and  cyanides  of  gold, 
silver,  and  copper,  it  says,  “  If  after  these  calces”  (i.e.,  the  cyanides 


of  gold  and  silver)  “  have  been  precipitated,  a  sufficient  quantity 
of  the  precipitating  liquor  be  added  in  order  to  re-dissolve  them, 
the  solution  remains  clear  in  the  open  air,  and  in  this  state  the 
aerial  acid”  (i.e.,  carbonic  acid  of  the  air)  “  does  not  precipitate  the 
metallic  calx.” 

This  suggested  to  Mr.  Wright  the  probable  suitability  of  the 
cyanides  of  gold  and  silver  for  electro-plating,  and  he  immedi¬ 
ately  took  a  solution  composed  of  chloride  of  silver  dissolved  in 
aqueous  ferrocyanide  of  potassium  for  the  purpose,  and  quickly 
succeeded  in  obtaining  what  had  never  been  obtained  before,  a 
thick  deposit  of  firm  and  white  silver  by  electrolytic  action,  in  all 
previous  trials  the  coating  of  silver  had  either  been  very  thin  or  in 
a  state  of  dark-coloured  loose  powder,  completely  useless  for  prac¬ 
tical  purposes.  It  was  about  a  month  after  this  before  the  actual 
cyanide  of  silver  and  potassium,  as  now  used,  was  employed  by  Mr. 
Wright  for  electro  silver-plating. 

At  this  period  Messrs.  Elkington  were  patenting  a  process  for 
coating  articles  of  copper  with  silver  by  a  method  of  fusion,  also  by 
means  of  a  solution  of  “oxide  of  silver”  in  “pure  ammonia,” 
and  Mr.  Wright,  submitting  his  results  to  them,  had  his  process 
embodied  in  their  patent,  March  25,  1840.  This  patent  has  proved 
the  basis  of  all  successful  electro-plating,  because  it  included  the 
solutions  of  alkaline  cyanides,  the  only  known  liquids  that  fulfil  all 
the  necessary  conditions. 

The  chief  conditions  of  success  had  now  been  all  attained,  but 
there  still  remained  many  smaller  difficulties  to  be  overcome.  In 
some  instances  the  deposited  silver  would  rise  in  blisters,  or  all  peel 
off  on  the  application  of  the  burnishing  tool.  In  other  cases  the 
deposited  metal  occasionally  assumed  objectionable  colours,  fre¬ 
quently  brown,  yellow,  or  grey;  and  in  other  instances,  instead  of 
being  even  and  smooth,  it  was  covered  with  asperities,  nodules,  or 
vertical  grooves.  Great  difficulty  was  also  experienced  in  coating 
articles  of  iron,  steel,  tin,  lead,  Britannia  metal,  &c.,  so  as  to  secure 
perfect  adhesion ;  and  particularly  in  coating,  of  a  uniform  colour, 
articles,  the  different  parts  of  which  were  formed  of  several  of  these 
metals,  or  had  been  united  by  different  kinds  of  solder.  These  and 
many  other  technical  difficulties  were  chiefly  overcome  in  the 
manufactory  of  Messrs.  Elkington,  by  the  ability  of  Messrs.  Fearn, 
Parkes,  and  Millward,  with  the  aid  of  the  large  resources  of  that 
establishment.  A  dispute  also  arose  between  Messrs.  Elkington 
and  Ruolz  (a  French  electro-depositor,  who  had  obtained  a  know¬ 
ledge  of  the  process,  and  taken  out  a  patent  in  France  a  short  time 
before  Messrs.  Elkington),  which  after  a  trial  at  law  -was  finally 
settled  by  a  compromise  between  Messrs.  Ruolz  and  the  original 
patentees  of  the  cyanide  solution  for  the  use  of  the  process.  Great 
opposition  was  also  experienced  from  the  manufacturers  of  Sheffield 
wares,  and  from  shopkeepers  who  sold  plated  goods,  to  the  intro¬ 
duction  of  the  new  articles ;  and  in  consequence  of  these  various 
difficulties  the  process  was  not  remunerative  to  Messrs.  Elkington 
for  at  least  seven  years. 

The  next  event  of  importance  in  the  history  of  electro-plating 
was  the  employment  of  electricity  from  magnets,  instead  of  from  a 
voltaic  battery,  to  plating  purposes ;  and  a  magneto-electric  machine 
for  this  purpose  was  patented  by  J.  S.  Woolrich  of  Birmingham, 
August,  1842.  This  machine  has  been  used  by  Messrs.  Elkington, 
Prime,  Fearn,  and  others  in  Birmingham,  and  some  manufacturers 
in  Sheffield,  but  chiefly  by  Mr.  Fearn,  who  possesses  several  beauti 
ful  magneto-machines  for  electro-gilding  and  brassing.  The  large 
machine  of  Messrs.  Elkington  &  Company  is  also  in  use.  The 
construction  and  action  of  these  machines  is  precisely  similar  to 
that  of  Mr.  Holmes’,  which  was  shown  in  the  machinery  depart¬ 
ment  of  the  Exhibition,  and  employed  for  producing  an  electric  light. 

Five  years  now  elapsed  before  any  further  development  of  im¬ 
portance  in  electro-deposition  occurred,  and  this  consisted  of  what 
is  termed  “  bright”  plating.  In  the  ordinary  course  of  electro-p’ating 


Fig.  712. 


548 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


the  deposited  silver  has  a  snow-white  or  frost-like  appearance,  and 
requires  to  be  burnished  in  order  to  make  it  bright.  The  process 
of  burnishing  is  tedious,  and  oft-times  very  awkward  to  perform 
on  account  of  the  peculiar  shapes  of  the  articles,  and  consequently 
it  adds  considerably  to  the  expense.  To  remedy  this  it  was 
desirable  that  the  silver  should  be  deposited  in  a  bright  or  polished 
condition  instead  of  the  usual  dull  white,  and  a  little  circumstance 
occurred  which  led  to  this  desirable  result.  Some  wax  moulds, 
partly  saturated  with  bisulphide  of  carbon,  were  occasionally  im¬ 
mersed  in  the  silver-plating  vats  at  Messrs.  Elkington’s  establish¬ 
ment  for  the  purpose  of  receiving  a  coating  of  silver ;  and  it  was 
observed  by  Mr.  Millward,  the  silver  depositor,  that  whenever  these 
moulds  were  in  the  vat  the  silver  deposited  on  the  articles  near  them 
acquired  a  bright  appearance.  This  led  to  experiments  upon  the 
influence  ol  adding  small  quantities  of  bisulphide  of  carbon  to  the 
ordinary  silver-plating  solution,  and  it  was  soon  found  that  this  sub¬ 
stance  produced  the  desired  effect.  At  this  period  the  secret  escaped, 
and  in  consequence  thereof  a  patent  was  taken  out,  March,  1847,  in 
the  joint  names  of  Mr.  Millward  and  a  person  named  Lyons,  who  had 
acquired  a  knowledge  of  the  secret.  The  process  is  now  in  general 
and  extensive  use,  and  although  it  does  not  cause  the  silver  to  be 
deposited  exactly  in  a  burnished  state,  yet  it  materially  reduces  the 
amount  of  polishing  required,  and  gives  a  greater  scope  for  the 
exercise  of  taste  in  ornamenting  the  silver  surface. 

Many  other  improvements  of  a  less  extensive  character  have  from 
time  to  time  been  effected  in  the  various  branches  of  the  art,  and 
most  of  them,  though  not  all,  were  developed  by  the  intelligence  of 
depositors  in  the  manufactory  of  Messrs.  Elkington,  aided  by  the 
unexampled  resources  of  that  enterprising  firm.  One  of  these  im¬ 
provements  consisted  in  coating  iron  and  steel  with  copper,  and  is 
effected  by  means  of  a  solution  of  cyanide  of  copper  and  potassium  ; 
and  another  consisted  in  making  the  silver  adhere  firmly  to  iron, 
steel,  and  Britannia  metal,  which  could  not  in  the  early  days  of 
electro-plating  be  effected. 

The  process  of  silver  plating  as  at  present  practised,  may  be  thus 
briefly  described  : — A  weighed  quantity  of  pure  silver  in  small  frag¬ 


ments  is  taken  (allowing  about  one  or  two  ounces  of  silver  for  each 
gallon  of  solution  required),  and  dissolved,  by  gradual  addition  of 
the  fragments,  in  a  warm  mixture  of  four  parts  of  pure  nitric  acid 
and  one  part  of  distilled  water,  care  being  taken  not  to  employ  more 
acid  liquid  than  will  dissolve  all  the  silver.  The  proportion  of  pure 
undiluted  acid  required  is  generally  about  1  ounces  to  each  ounce 
of  silver,  but  it  varies  with  the  strength  of  the  acid. 


The  solution  of  silver  is  now  largely  diluted  with  distilled  water, 
and  a  moderately  strong  solution  of  cyanide  of  potassium  added  to 
it  in  portions  at  a  time  with  stirring,  and  subsidence  between  each 
addition,  as  long  as  a  white  precipitate  (which  is  cyanide  of  silver) 
is  produced;  it  is  very  particular  that  this  point  is  just  attained  and 
not  passed,  otherwise  some  silver  will  remain  in  solution  and  may 
be  lost ;  if  this  point  is  passed,  as  may  be  known  by  the  supernatant 
liquid  becoming  transparent  and  slightly  brown,  a  careful  addition 
of  some  diluted  nitrate  of  silver  solution  will  bring  it  back  again. 
Each  ounce  of  silver  requires  nearly  half  an  ounce  of  cyanide  of 
potassium  of  the  ordinary  quality  to  precipitate  it,  but  this  propor¬ 
tion  varies  greatly  on  account  of  the  great  variation  in  the  com¬ 
mercial  quality  of  that  salt. 

After  subsidence  of  the  precipitate,  the  clear  liquid  is  filtered 
through  calico,  the  sediment  also  drained  upon  the  filter,  and  washed 
five  or  six  times  with  copious  quantities  of  spring  water.  A  small 
quantity  of  hydrochloric  acid  is  added  to  the  whole  of  the  liquid 
and  wash- waters  to  precipitate  any  silver  that  may  remain ;  this 
precipitate  is  collected,  and  the  liquid  thrown  awaju 

The  wet  contents  of  the  filter  are  now  dissolved  by  constant  stir¬ 
ring  in  a  strong  solution  of  cyanide  of  potassium,  using  no  more 
cyanide  than  is  necessary  to  dissolve  it,  and  noting  how  much  has 
been  consumed  ;  whatever  that  amount  maybe,  an  equal  additional 
amount  should  now  be  added  and  dissolved  to  constitute  what  is 
termed  “free”  cyanide.  If  the  cyanide  of  potassium  employed  is 
of  the  ordinary  commercial  quality,  each  ounce  of  silver  used  will 
require  about  2  or  2-|  ounces  of  it  to  redissolve  the  precipitate  of 
cyanide  of  silver.  The  solution  now  only  requires  to  be  diluted  to 
the  given  strength  of  silver  per  gallon,  and  filtered,  when  it  is  ready 
for  use.  If  the  solution  is  required  for  bright  plating,  several  pints 
of  it  are  put  into  a  bottle  with  a  few  ounces  of  bisulphide  of  carbon 
and  shaken  occasionally  during  twenty-four  hours;  the  supernatant 
liquid  is  then  added  daily  or  every  two  days  in  portions  to  the 
plating  liquid,  in  the  proportion  of  about  1  ounce  of  the  former  to 
30  gallons  of  the  latter. 

The  annexed  engraving,  Fig.  713,  will  give  a  clear  idea  of  the  actual 

process  of  plating.  The 
vessels  on  the  right- 
hand  consist  of  large 
stoneware  jars  nearly 
filled  with  dilute  sul¬ 
phuric  acid,  in  each  of 
which  is  immersed  a 
thick  sheet  of  zinc 
between  two  thin  sheets 
of  copper.  The  zinc 
plate  of  one  of  these  is 
connected  by  a  strip  of 
copper  with  a  large  brass 
tube  passing  along  the 
top  of  the  vat;  upon 
this  brass  tube  several 
smaller  brass  tubes  rest 
across  the  vat,  and  from 
these  latter  tubes  the 
articles  to  be  coated  are 
suspended  in  the  liquid 
by  copper  wires.  The 
copper  plates  of  the  other  jar  are  connected  by  another  strip  of  copper 
with  another  large  tube  on  the  opposite  side  of  the  vat,  and  to  this 
second  tube  the  silver  dissolving  plates  are  attached  by  strips  of  silver ; 
the  ends  of  the  small  cross  tubes  are  prevented  from  touching  this 
second  tube  metallically  by  small  tubes  of  india  rubber  fixed  upon 
their  ends,  but  not  shown  in  the  figure.  The  copper  plates  of  the  first 
jar  are  also  connected  with  the  zinc  one  of  the  second  by  a  strip  of 
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copper;  and  thus  there  is  a  complete  circuit  of  conducting  substances 
through  which  the  electricity  can  circulate.  The  two  jars  with  their 
contents  constitute  the  battery,  and  the  electricity,  set  in  motion  by 
the  action  of  the  acid  and  water  upon  the  zinc  of  the  first  jar, 
passes  (according  to  the  usual  nomenclature  of  the  science)  through 
the  acid  liquid  to  the  copper  of  that  jar;  then  by  the  connecting  strip 
to  the  zinc  of  the  next  jar,  where  it  receives  additional  force ;  on 
through  the  liquid  to  the  copper;  then  by  the  various  connections  to 
the  silver  plates,  from  which  it  passes  into  the  plating  liquid,  causing 
those  plates  to  dissolve;  then  into  the  articles,  causing  them  to 
receive  a  coating  of  silver;  and  back  by  the  various  connections 
again  to  the  battery.  By  this  passage  of  the  electricity  through  the 
plating  solution  the  elements  of  that  liquid,  viz.,  cyanogen  and 
silver,  are  dissevered,  the  silver  fixing  itself  to  the  articles,  and  the 
cyanogen  combining  with  the  sheet  of  silver  to  form  cyanide  of  silver, 
which  dissolves  in  the  liquid,  and  thus  keeps  it  continually  renewed 
with  metal,  the  amount  of  silver  dissolved  on  one  side  being  exactly 
equal  to  the  amount  deposited  at  the  other.  The  amount  of  silver 
put  upon  the  articles  is  ascertained  by  carefully  weighing  them 
before  and  after  the  process. 

All  articles  before  being  plated  require  to  be  made  perfectly  clean, 
and  the  various  processes  of  cleaning,  which  consist  generally  of 
dipping  in  acids  or  scouring  with  revolving  wire  brushes,  &c.,  often¬ 
times  occupy  more  time  than  the  entire  process  of  plating.  To 
further  insure  adhesion  of  the  deposited  silver,  the  cleaned  articles 
are  momentarily  dipped  into  a  very  dilute  solution  of  nitrate  of  mer¬ 
cury  or  double  cyanide  of  mercury  and  potassium,  and  then  into 
water,  immediately  before  immersion  in  the  plating  vat.  It  is  also 
essential  to  success  that  all  the  points  of  contact  of  the  metals  where 
the  electricity  has  to  pass  between  the  battery  and  the  vat,  &c.,  be 
kept  perfectly  clean  and  closely  together.  The  extreme  thinness 
of  the  coating  of  silver  which  is  sometimes  put  upon  articles,  may  be 
judged  of  by  the  fact  that  iron  snuffers  are  sometimes  completely 
coated  with  silver  for  twopence-halfpenny  per  pair.  For  the  details 
of  the  various  processes  of  coating  metals  and  other  bodies  with 
gold,  copper,  brass,  &c.,  and  the  various  methods  of  electro-plate 
ornamentation,  the  reader  is  referred  to  the  published  bocks  on  the 
subject. 

It  will  now  be  necessary  to  briefly  explain  the  method  employed 
for  producing  those  beautiful  busts,  statues,  and  other  hollow  figures, 
which  are  formed  entirely  of  electro-deposited  metal  (“solid  deposits”), 
generally  copper,  but  sometimes  silver,  and  were  shown  in  the 
Exhibition.  I  will  select  a  copper  statue,  such  as  the  life-sized  one 
of  Malcolm  Canmore,  the  property  of  her  Majesty  the  Queen,  and 
exhibited  by  Messrs.  Elkington  as  part  of  their  trophy  in  the  nave. 
The  original  figure,  formed  of  plaster  of  Paris,  and  obtained  from  a 
modeller  or  sculptor,  is  treated  with  boiled  linseed  oil  all  over  its 
surface  until  the  oil  ceases  to  be  absorbed,  it  is  then  coated  with 
extreme  care  in  all  parts  with  a  shining  film  of  blacklead  by  pro¬ 
longed  brushing,  or  with  a  film  of  silver  by  means  of  the  usual 
solution  of  phosphorus  in  bisulphide  of  carbon,  in  each  case  the 
object  being  to  make  its  surface  conduct  electricity  ;  it  is  then  im¬ 
mersed  in  a  large  cistern  of  sulphate  of  copper  solution,  and  coated 
entirely  with  copper  in  the  usual  manner,  until  the  coating  is  about 
l-16th  of  an  inch  thick,  or  sufficiently  thick  to  retain  its  form  when 
the  inner  plaster  figure  is  removed ;  it  is  now  removed  from  the  vat, 
the  plaster  figure  is  broken  away  with  great  care,  and  the  whole  of 
it  extracted ;  the  outer  surface  of  the  thin  copper  figure  is  then 
thoroughly  varnished,  to  prevent  any  deposit  being  formed  thereon, 
the  figure  immersed  in  the  coppering  vat  again,  and  filled  with  the 
copper  solution  ;  a  dissolving  plate  of  copper  connected  with  the 
positive  pole  of  a  battery  is  suspended  within  it,  and  the  figure  itself 
connected  with  the  zinc  plate  or  negative  pole  of  the  battery,  and 
copper  thus  deposited  upon  the  whole  of  its  interior  surface,  until  a 
considerable  thickness,  frequently  nearly  half  an  inch,  is  attained,  the 


process  occupying  at  least  several  weeks;  it  is  now  removed  from 
the  liquid,  the  outer  thin  shell  of  copper  torn  off  in  pieces,  when  the 
figure  remains  in  a  nearly  complete  state. 

The  production  of  busts,  large  figures,  and  colossal  statues  in 
copper  by  this  process  has  obtained  a  great  degree  of  magnitude 
arid  perfection  in  the  hands  of  Messrs  Elkington  ;  a  single  figure 
recently  made  by  them,  and  intended  to  form  one  of  the  corner 
statues  of  the  Memorial  of  the  Exhibition  of  1851,  in  the  Horticul¬ 
tural  Gardens,  London,  stands  at  least  9  feet  high,  and  is  composed 
of  metal  nearly  half  an  inch  thick,  sufficiently  thick  to  be  quite  rigid 
and  enduring  under  all  the  circumstances  to  which  it  will  be  sub¬ 
jected  r  its  weight  is  nearly  one  ton.  Three  figures  of  similar  size 
for  the  other  corners  of  the  Memorial,  and  a  statue  of  the  late 
Prince  Consort  for  the  centre,  are  being  made  by  the  same  firm. 

The  application  of  the  electrolytic  force  in  this  particular  direc¬ 
tion  is  probably  destined  to  become  very  important,  and  to  receive 
extensive  application.  It  is  altogether  a  different  branch  of  the 
subject  to  that  of  plating.  With  plated  articles,  only  a  very  small 
portion  of  their  manufacture  is  in  ordinary  cases  effected  by  the 
electric  force ;  the  great  bulk  of  the  metal  of  which  they  are  com¬ 
posed  is  fashioned  by  other  means,  by  casting,  stamping,  spinning, 
engraving,  &c.,  and  in  many  cases  a  mere  film  only  of  the  precious 
metal  is  put  upon  them  by  the  electric  powTer ;  but  with  solid 
deposits,  copper  statues,  &c.,  the  whole  of  the  metal  is  aggregated 
and  shaped  by  the  silent,  mysterious  electricity.  From  these  con¬ 
siderations  I  therefore  attach  a  far  greater  degree  of  importance,  in 
an  electrical  sense,  to  the  latter  class  of  productions  than  the  former. 
Thinly  plated  articles  hardly  deserve  the  name  of  electro- plate,  and 
are  barely  included  within  the  title  and  limits  of  this  paper. 

If  the  production  of  large  copper  statues  by  electrolysis  should- 
not  entirely  supersede  the  present  plan  of  casting  statues  in  bronze, 
it  will  at  least  have  that  effect  to  a  considerable  extent,  in  conse¬ 
quence  of  the  advantages  it  possesses.  It  reproduces  a  more 
accurate  copy  of  the  artists’  model  than  that  method ;  it  is  one- 
fourth  cheaper ;  and  the  material  of  which  the  figure  is  com¬ 
posed  being  a  simple  metal  without  alloy  and  of  a  very  high  degree 
of  purity,  it  is  therefore  much  less  likely  to  oxidize  and  decay. 
Time,  however,  is  yet  required  to  determine  how  far  this  latter  sup¬ 
position  is  correct. 

The  reader  will  now  he  able  to  comprehend  more  clearly  the 
nature  of  the  plated  articles,  and  of  the  11  solid  deposits,"  exhibited 
at  Kensington,  both  of  which,  together  with  the  various  incidental 
applications  of  electro-deposition,  will  be  described  in  the  order  of 
the  official  catalogue,  industrial  department,  commencing  with  the 
British  productions. 

Class  28,  Printing,  &c. — The  Electro  printing  Block  Company, 
Burleigh  Street,  Strand,  London,  exhibit  various  specimens  of  the 
enlargement  and  reduction  of  printing  blocks,  copperplates,  &c.,  by 
means  of  india  rubber,  copied  in  copper  by  electro-deposition. 

Morel  &  Gowland,  48  Fetter  Lane,  London,  show  electro-copies 
in  copper  of  engravings  and  of  wood-cuts  with  set-up  type,  said  to 
be  produced  by  a  new  process. 

H.  Silverlock,  3  Wardrobe  Terrace,  Doctors’  Commons,  London, 
also  exhibits  similar  productions ;  and  J.  Skinner,  47  Whitecross 
Street,  London,  shows  specimens  of  glyphography  for  the  produc¬ 
tion  of  bank-notes,  cheques,  &c. 

The  mode  of  copying  engraved  wood-blocks,  and  set-np  type,  or 
the  two  combined,  is  generally  as  follows  : — The  surface  to  be 
copied  is  first  thoroughly  blackleaded,  then  surrounded  by  a  shallow 
rim  of  plaster  of  Paris ;  when  the  plaster  has  hardened,  a  thick 
sheet  of  gutta  percha  is  immersed  in  hot  water  until  it  is  quite  soft ; 
it  is  then  laid  carefully  upon  the  blackleaded  surface,  beginning  at 
one  side,  so  as  not  to  inclose  any  bubbles  of  air ;  a  thick  plate  of 
cold  iron  is  then  placed  upon  it,  and  the  whole  subjected  to 
gradually  increased  pressure,  ultimately  very  great,  until  it  is  quite 
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cold.  The  gutta  percha  copy  is  then  taken  off,  thoroughly  black- 
leaded,  and  coated  with  copper  in  the  usual  manner.  Where  a 
division  or  line  occurs,  as  in  the  vertical  space  between  two  columns 
of  type,  the  copper  is  apt  to  be  imperfect  and  not  united  ;  to  prevent 
this  a  minute  quantity  of  solution  of  nitrate  of  mercury  is  applied 
to  those  parts  occasionally  during  the  process  of  deposition. 

After  the  copper  plate  is  removed  from  the  mould  it  is  heated 
considerably  upon  sand,  the  back  side  moistened  with  a  solution  of 
chloride  of  zinc,  tinned,  and  then  coated  with  melted  stereotype 
metal  to  give  it  rigidity.  The  surface  of  the  backing  is  then  made 
level,  and  the  plate  fixed  upon  a  block  of  wood  to  raise  it  to  the 
same  height  as  ordinary  type. 

The  process  of  glyphography  consists  in  coating  a  plate  of 
copper  with  a  thin  layer  of  engravers’  wax  composition,  engraving 
the  design  through  the  wax  to  the  copper  beneath,  and  depositing 
copper  in  the  engraved  lines  until  all  the  portions  of  copper 
coalesce  and  form  a  stout  plate.  The  plate  is  then  removed,  and 
employed  for  printing  in  the  ordinary  manner. 

Class  30,  Furniture,  &c. — Messrs.  Jackson  &  Graham,  Oxford 
Street,  London,  exhibit  several  cabinets  ornamented  with  metallic 
fittings,  electro-gilt  by  Mr.  Thomas  Fearn,  Birmingham. 

Class  31,  Hardware,  &c. — F.  Edwards  &  Sons,  Great  Marl¬ 
borough  Street,  London,  exhibit  a  fender,  the  front  of  which  is 
composed  of  brass,  electro-gilded ;  also  a  pair  of  electro-gilded 
firedogs.  And  the  Wolverhampton  Electro-plate  Company  exhibit 
the  usual  class  of  silver  electro-plated  wares. 

Class  33,  Precious  Metals,  &c. — There  is,  as  would  have  been 
expected,  a  large  number  of  exhibitors  of  works  of  electro -deposition 
in  this  class.  The  following  is  a  list  of  the  more  prominent : — 

Atkin  Brothers,  Sheffield  and  London,  electro-plate. 

G.  B.  Collis  &  Co.,  London  and  Birmingham,  electro-plated 
services. 

Derry  &  Jones,  Great  Hampton  Street,  Birmingham,  electro¬ 
plated  table  service. 

J.  Dixon  &  Sons,  Sheffield,  electro-plate. 

Elkington  &  Co.,  London  and  Birmingham,  general  electro-plate, 
and  large  copper  and  silver  deposits. 

W.  W.  Harrison,  Fargate,  Sheffield,  electro-silver  plate. 

Mappin  Brothers,  Regent  Street,  London,  electro-plate. 

Martin,  Hall,  &  Co.,  Sheffield,  electro-silver  plate. 

T.  Prime  &  Son,  Magneto-plate  Works,  Birmingham,  general 
electro-plated  goods. 

Reid  &  Sons,  Newcastle-on-Tyne,  electro-plated  services. 

Smith  &  Nicholson,  Duke  Street,  Lincoln’s-Inu-Fields,  London, 
electro-plated  articles. 

W.  Spurrier,  Newhall  Street,  Birmingham,  electro-silver  tea- 
services,  &c. 

H.  Tatnell,  Salisbury  Square,  Fleet  Street,  Loudon,  electro- 
silverplated  wares. 

W.  II.  Walenn,  19  Talbot  Road,  Holloway,  London,  specimens 
of  electro-gilding  and  silvering. 

H.  Wilkinson  &  Co.,  Sheffield,  electro-plate. 

T.  Wilkinson  &  Co.,  Birmingham,  electro-plate  centre-piece. 

Wills  Brothers,  12  Euston  Road,  London,  electro-deposits. 

Foremost  among  the  productions  of  the  above  exhibitors  stand 
those  of  Messrs.  Elkington.  The  display  of  this  firm  in  plated 
articles  is  second  only  to  that  of  Messrs.  Christofle  in  the  French 
court;  and  in  solid  deposits ,  especially  copper  statues,  theirs  are 
superior  to  all ;  in  fact,  no  articles  in  the  whole  Exhibition  at  all 
approach  theirs  in  this  particular  line.  There  is  a  life-sized  bust  of 
Prince  Albert,  and  a  selection  of  busts  made  for  the  Wellington 
College ;  a  statue  in  copper  of  Blucher,  nine  feet  high,  from  a 
model  by  Theed ;  another  of  Malcolm  Canmore,  in  copper,  rather 
larger  than  life-size,  also  from  the  same  artist’s  model.  This  statue 
is  the  property  of  the  Queen,  and  was  greatly  valued  by  the  late 


Prince  Consort — it  is  intended  to  be  placed  at  Balmoral ;  also  a 
beautiful  model  in  copper  of  the  larger  statue  of  Goldsmith  (modelled 
by  Foley),  about  to  be  erected  to  the  memory  of  that  poet  in  Dublin, 
represented  in  the  annexed  engraving  (Fig.  714). 

The  celebrated  Alhambra  table  is  in  all  respects  a  remarkable 
production ;  it  is  executed  from  original  models  taken  direct  from 
the  palace  of  the  Alhambra  at  Granada,  Spain,  and  presented  by 
Mr.  Penrose  Mark,  her  Majesty’s  consul  at  Malaga,  to  Messrs. 
Elkington  &  Company.  It  shows,  perhaps,  better  than  any  other 
specimen  in  the  Exhibition  the  varied  capabilities  of  electro-deposi¬ 
tion.  It  is  deposited 
entirely  in  copper,  after¬ 
wards  electro-plated  with 
silver,  and  electro-gilt 
and  oxidized  in  different 
parts,  and  is  therefore 
formed  entirely  of  electro- 
deposited  metal.  Its 
value  is  £500. 

The  annexed  engraving 
represents  a  Bacchanalian 
jug  (Fig.  715).  It  is  a 
solid  deposit  in  silver, 
oxidized,  and  gilt  inside. 

Their  plated  articles  are 
also  very  fine,  but  for  the 
reasons  already  given,  I 
notice  them  but  briefly. 

One  of  the  most  beautiful 
is  a  rose-water  shield — 
subject,  “Venus  presiding 
over  the  Sea.”  It  was 
modelled  from  a  fresco¬ 
painting  at  Pompeii,  and 
was  first  cast  in  silver, 
then  electro-gilt,  and 
oxidized.  But  the  best 
specimen  of  their  plated 
articles  is  a  centre-piece 
of  a  service  for  the  Duke 
of  Brabant.  It  is  sur¬ 
mounted  by  emblematical 
figures  of  Belgium,  sur¬ 
rounded  by  the  arts  and 
sciences.  It  was  cast  in 
nickel  silver,  and  electro¬ 
plated  with  silver.  The 
total  value  of  the  service 
is  £20,000. 

In  the  Denmark  depart¬ 
ment  there  are  two  exhi¬ 
bitors  of  electro-plate,  H. 

C.  Drewsen,  Copenhagen, 
whose  articles  are  all 
formed  of  copper,  instead  of  German  silver,  and  then  plated ;  the 
designs  of  the  articles  are  wholly  by  one  artist — And  C.  M<511er, 
Copenhagen,  who  exhibits  a  model  of  a  work-table  in  silver, 
oxidized ;  also  boxes  and  medallions  of  plain  design  in  electro- 
deposited  metals. 

In  the  French  court,  Class  28,  Printing,  &c. — Coblence,  Paris, 
exhibits  electrotypes  of  wood-cuts  and  set-up  type  combined.  They 
are  obtained  by  first  making  a  mould  in  gutta  percha,  as  already 
described,  and  copying  the  mould  in  copper  in  the  usual  manner. 
The  imperial  press  of  France  also  exhibits  electrotype  copies  of 
engraved  plates  for  printing  purposes. 
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Class  31,  Hardware,  &c. — Lionnet,  F  lores,  Paris,  exhibit  statues 
and  Chinese  figures  in  electro-deposited  copper,  illustrative  of  a 
process  in  which  the  mould  of  a  figure  of  given  dimensions  is  enlarged 


Bacchanalian  Jug. 


“  by  chemical  means,”  and  thus  an  electrotype  copy  of  it  obtained 
of  any  dimensions  without  altering  the  relative  proportions  of  its 
individual  parts. 

Oudry,  Paris,  exhibits  a  large  collection  of  articles  of  cast-iron 
and  wrought-iron,  thickly  coated  with  copper  by  electro-deposition. 
Ships’  bolts,  nuts,  and  scrws ;  numerous  large  ornamental  figures 
for  gardens,  &c. ;  chains,  rods,  tubes,  pillars,  sheets  of  iron,  and 
many  other  articles,  some  of  which  are  coated  one-eighth  of  an  inch 
thick  with  copper ;  ornamental  lamps,  12  feet  high,  a  large  num¬ 
ber  of  which,  and  also  many  coppered  iron  fountains,  are  being 
made  by  this  firm  for  the  city  of  Paris.  Some  of  the  figures  are 
ornamented  by  bronzing.  This  is  one  of  the  most  important  appli¬ 
cations  of  electro-deposition  in  the  Exhibition,  and  is  shown  by  no 
other  exhibitor  of  any  country.  The  cost  of  the  articles  is  about 
one-half  of  what  they  would  be  if  made  wholly  of  copper,  whilst 
their  strength  and  rigidity  is  greatly  increased,  and  the  coating  of 
copper  upon  them  appears  to  be  abundantly  thick  for  all  protective 
purposes.  For  delicate  outlines  this  process  is  doubtlessly  not  fitted, 
because  the  tendency  of  the  deposited  copper  is  to  assume  a  rough 
surface,  and  thus  obliterate  all  fine  lines;  but  for  such  articles  and 
purposes  as  are  here  exhibited,  it  appears  to  be  a  judicious  and 
successful  application. 

Class  33,  Precious  Metals,  &c. — Christofle  &  Company,  Rue  de 
Bondy,  Paris,  have  the  finest  display  of  electro-plating  in  the  Ex¬ 
hibition,  in  the  form  of  a  large  centre-piece  for  the  table,  intended 
for  the  great  banquets  at  the  Hotel  de  Ville,  Paris.  The  portion 
exhibited  is  eighteen  feet  long  and  several  feet  wide ;  it  constitutes 
one-third  of  the  complete  design,  the  other  portions  not  being 
exhibited.  It  consists  of  a  base  of  plate-glass,  surrounded  by  a 
frieze  of  gold  of  different  colours.  Four  massive  candelabra  richly 


gilt  unite  the  principal  parts  of  the  design.  The  subject  is  purely 
allegorical ;  in  the  centre  is  a  ship,  symbolical  of  the  arms  of  the 
city  of  Paris  ;  on  the  deck  is  a  statue,  emblematic  of  the  city  of  Paris, 
supported  by  four  Caryatides  representing  Science,  Art,  Industry, 
and  Commerce.  At  the  bow  is  an  Eagle,  appearing  to  conduct  the 
ship  to  her  destiny.  The  Genius  of  Progress  seems  to  light  her 
course,  and  Prudence  at  her  stern  holds  the  helm,  whilst  around  are 
groups  of  Mermaids  and  Tritons.  The  central  portion  of  it,  viz., 
the  ship,  &c.,  was  cast  in  bronze  metal,  then  electro-silvered  and 
gilt.  The  makers  of  it  employ  twelve  hundred  workmen,  and  are 
said  to  consume  six  tons  of  silver  yearly  in  making  spoons  and 
forks  only.  The  same  firm  exhibit  a  variety  of  specimens  of  solid 
copper  deposits,  among  which  are  busts  of  the  Emperor  Napoleon 
III.  and  the  Empress  ;  also  life-sized  figures,  each  formed  in  several 
pieces,  of  a  Fawn  and  a  Goat,  bronzed;  a  life-sized  statue,  called 
‘  The  Spring  of  Life,”  by  M.  Maillet ;  and  seven  specimen  tables 
small  electro-copper  ornaments,  such  as  scrolls,  wreaths,  &c., 
intended  for  the  use  of  cabinetmakers  and  others. 

PRUSSIA. — Class  28,  Printing,  &c. — Trowitzoch  &  Son,  Berlin, 
exhibit  electro-copies  in  copper  of  engravings  and  set-up  type,  which 
appear  to  be  of  the  ordinary  kind.  Zechendorf  &  Berthold,  Berlin, 
also  exhibit  electro-engraved  plates  for  printing. 

Class  33,  Precious  Metals,  &c. — Grager,  Klug,  &  Hartung, 
Muhlhausen,  Erfurt,  make  a  small  display  of  ordinary  electro-plate, 
together  with  a  variety  of  nails  for  coffins,  chairs,  &c  ,  the  heads  of 
which  are  electro-silver  plated. 

SAXONY. — Class  28,  Printing,  &c. — Giesecke  &  Devrient,  Leipsic, 
exhibit  highly-wrought  electro-copper  plates  for  printing,  produced 
by  a  “  galvano-glyphotypic”  process. 

WURTEMBURG. — Class  33,  Precious  Metals,  &c. — C.  Deffner, 
Esslingen,  exhibits  ordinary  electro-tea  services,  &c.  Erhard  & 
Sons,  Gmiind,  exhibit  a  few  very  small  electro-articles  ;  and  Straub 
&  Schweizer,  Geislir.gen,  exhibit  general  services  of  electro -articles, 
plated  as  usual  upon  German  silver. 

RUSSIA. — Class  33,  Precious  Metals,  &c. — Morand  &  Co.,  Gal- 
vano-plastic  establishment,  St.  Petersburg,  exhibit  a  single  small 
group  of  figures,  St.  George,  in  electro-deposited  copper. 

SWEDEN. — Class  33. — A  few  plain  articles  in  electro-plate  are 
exhibited  by  A.  G.  Dufra,  Stockholm. 

SWITZERLAND. — Class  28,  Printing,  &c. — F.  Gonin,  Nyon, 
exhibits  galvanic  engraved  copper  plates  for  printing.  Siegfried, 
Wipkingen,  Zurich,  exhibits  prints  from  galvano-copper  plates ; 
and  Mathey  exhibits  gilt  electro-deposits  of  copper  from  elastic 
moulds. 

Among  all  the  various  countries  exhibiting  articles  of  electro- 
deposition,  Great  Britain  exhibits  by  far  the  largest  amount  of  such 
articles,  both  as  regards  plated  goods  and  solid  deposits,  although 
the  quantity  exhibited  by  France  is  considerable  ;  all  the  other 
foreign  contributions  of  this  kind  are  quite  small  in  amount  and 
comparatively  unimportant.  In  the  most  important  of  these  two 
branches  of  electro-deposition,  the  solid  deposits ,  its  specimens  of 
statues,  &c.,  quite  surpass  those  of  all  other  countries  exhibiting. 
In  plated  articles  the  United  Kingdom  also  makes  a  very  grand 
display,  and  with  the  single  exception  of  the  magnificent  produc¬ 
tions  of  Mr.  Christofle,  far  superior  to  all  others. 

The  advance  made  during  the  last  ten  years  in  the  art  is  very 
considerable ;  most  conspicuously  in  the  production  of  large  copper 
statues,  and  the  protection  of  iron  articles  from  rust  by  a  coating  of 
electro-copper ;  and  generally  in  the  details  and  minor  branches  of 
the  art,  and  the  extension  of  superior  designs.  But  no  important 
discovery  of  anything  in  connection  with  the  principles  of  the  pro¬ 
cess  capable  of  practical  application,  as  in  the  earlier  periods  of  the 
process,  has  been  made. 


1.- SURGICAL  AND  MEDICAL  APPARATUS  AND 
INSTRUMENTS,  HOSPITAL  ARRANGEMENTS,  &c. 

By  George  Lawson,  F.R.C.S.,  Surgeon,  Great  Northern  Hospital, 
Assistant  Surgeon,  Royal  London  Ophthalmic  Hospital,  Moorfields, 
London. 


HE  bright  rows  of  instruments  which 
occupy  so  prominent  a  place  in  the 
galleries  of  the  French  and  English 
departments  in  the  present  Exhi¬ 
bition,  and  attract  the  attention  of 
so  many  wondering  eyes,  must  con¬ 
sole  the  public  with  the  assurance 
that  human  intelligence  and  skill 
have  provided  for  many  of  the 
ills  and  accidents  which  flesh  is 
heir  to,  and  that  even  their  little 
wants  are  not  too  small  to  be  cared  for.  But  whilst  they  receive 
this  comfort,  a  vague  feeling  of  uneasiness  must  creep  over 
them,  that  man  is  indeed  bom  to  trouble,  if  so  many  instru¬ 
ments,  splints,  and  appliances  are  required  to  remedy  the  diseases 
and  misfortunes  of  everyday  life.  In  looking  at  the  surgical 
cases  of  the  diiferent  manufacturers  in  the  several  departments 
of  the  Exhibition,  a  feeling  of  bewilderment  arises  as  to  where  to 
begin  the  task  of  examining  them,  in  such  numbers  do  the  instru¬ 
ments  appear;  truly  their  name  is  legion.  For  every  conceivable 
surgical  ailment,  whether  the  result  of  disease  or  injury,  and  for  every 
malformation,  whether  congenital  or  produced  by  after  causes, 
instruments  are  provided ;  and  as  these  have  in  many  instances  been 
made  to  order,  according  to  the  taste  and  mechanical  ingenuity  of 
the  surgeon,  their  number  is  necessarily  very  large.  If,  indeed, 
good  tools  make  good  workmen,  the  people  of  to-day  have  to  con¬ 
gratulate  themselves  on  the  mass  of  surgical  skill  which  is  now  at 
their  disposal ;  for  never  before  were  so  many  instruments  exhibited, 
possessing  such  excellence  in  make  and  ingenuity  in  design,  for  the 
amelioration  and  relief  of  human  suffering.  Glad  as  we  all  must  be 
to  have  such  means  at  our  disposal,  still  we  must  remember  that  a 
master  hand  is  required  to  guide  them,  and  that  without  such,  even 
the  finest  work  of  all  our  manufacturers  will  avail  but  little.  Our 
instruments  naturally  increase  in  number  as  the  years  roll  on ;  for 
as  the  science  of  surgery  progresses — and  now  it  is  making  rapid 
strides — new  operations  call  for  new  appliances,  and  deformities 
which  formerly  were  regarded  only  with  pity,  are  now  looked  upon 
as  amenable  to  treatment  and  capable  of  great  relief. 

Since  the  date  of  the  last  Exhibition,  operations  which  were  sel¬ 
dom  performed,  and  then  only  by  a  few,  and  with  anxiety  as  to  their 


justifiability  and  result,  have  now  become  recognized  surgical  pro¬ 
ceedings,  and  new  instruments  have  been  devised  for  facilitating 
their  performance,  and  for  adding  to  the  comfort  and  safety  of  the 
patient  in  their  after  treatment.  Thus,  in  general  surgery  we  have 
the  operation  of  excision  of  the  knee  joint  recognized  by  all  intel¬ 
ligent  surgeons  as  a  more  excellent  mode  of  relief  to  the  patient  than 
amputating  his  limb,  and  a  rather  short  leg  with  a  foot  is  acknow¬ 
ledged  by  those  who  have  submitted  to  the  operation,  as  more  useful 
than  a  wooden  one,  or  any  substitute  which  our  mechanicians  can 
contrive.  For  this  operation  we  have  special  splints,  and  ingenious 
saws  are  exhibited  in  both  the  French  and  English  departments  for 
removing  the  articular  extremities  of  the  bones. 

Again,  the  operation  of  ovariotomy,  which  a  few  years  ago  was 
regarded  with  the  greatest  distrust  by  even  some  of  our  boldest 
surgeons,  is  now  very  frequently  performed,  and  has  met  with  an 
amount  of  success,  which,  considering  the  magnitude  of  the  pro¬ 
ceeding,  is  as  gratifying  as  it  is  extraordinary.  In  this  operation 
the  greatest  trouble  the  surgeon  has  to  contend  against  is  securing 
the  pedicle  of  the  tumour  previous  to  its  division  by  the  knife,  and 
thus  prevent  the  haemorrhage  which  otherwise  would  necessarily 
ensue,  and  jeopardize  the  life  of  the  patient.  F or  this  purpose  clamps 
have  been  made,  which  will  be  treated  of  under  their  proper  head¬ 
ing.  No  department,  however,  in  surgery  has  made  such  rapid 
progress  during  the  last  ten  years  as  ophthalmic  surgery.  Diseases 
which  were  not  even  recognized,  can  now,  by  the  aid  of  the  ophthal¬ 
moscope,  be  accurately  diagnosed,  and  others,  which  a  few  years  ago 
were  acknowledged  to  be  beyond  the  pale  of  relief,  are  now  treated 
with  benefit,  and  often  with  very  decided  success.  The  terrible 
affection  known  as  glaucoma,  can  now,  by  an  operation  suggested  and 
first  carried  into  execution  by  Von  Graefe  of  Berlin,  be  treated  with 
advantage,  and  especially  in  its  acute  stage.  Such  excellent  results 
have  followed  this  proceeding,  that  no  one  who  has  fairly  examined 
the  patients  both  before  and  after  they  have  submitted  to  this  opera¬ 
tion,  can  blind  themselves  to  the  relief  which  it  may  be  so  truly  said 
almost  invariably  follows. 

Again,  in  certain  cases  of  cataract,  where  the  old  and  excellent 
operation  of  extraction  of  the  lens  by  a  large  section  of  the  cornea 
cannot  for  special  reasons  be  advisedly  performed,  one  suggested  by 
Schuft  of  Berlin  may  be  had  recourse  to.  For  both  the  above, 
peculiar  instruments  are  required,  and  will  be  referred  to  in  their 
place.  More  need  not  be  said  to  show  that  the  science  of  surgery 
is  daily  increasing,  and  that  the  instrument  makers  in  adding  to  their 
stores  are  but  keeping  pace  with  the  development  of  the  art. 

The  most  casual  observer,  in  examining  the  instruments  in  the 
English  department,  canuot  fail  to  be  struck  with  the  excellence  of 
their  workmanship  and  material,  and  the  high  finish  to  which  even 
the  simplest  of  them  have  been  brought.  They  are  certainly  want¬ 
ing  in  the  great  diversity  of  instruments  which  are  to  be  seen  in  the 
French  cases ;  for  there,  every  operation  seems  to  have  its  appropri- 
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ate  and  special  instruments ;  whereas  in  England  the  surgeon  per¬ 
forms  with  his  favourite  scalpel  and  forceps  very  many  duties  for 
which  the  French  have  provided  some  ingenious  but  often  compli¬ 
cated  piece  of  mechanism. 

The  brilliant  display  of  MM.  Charriere,  Luer,  and  Matthieu  has 
attracted  the  attention  and  admiration  of  all  who  have  examined 
their  cases.  Ingenuity  in  design — anticipating  almost  every  want  of 
the  surgeon — good  work,  and  at  the  same  time  cheapness,  are  their 
great  characteristics,  and  make  them  superior  to  the  productions  of 
other  foreign  exhibitors.  In  England  economy  does  not  seem  to  be 
the  aim  of  the  instrument  maker ;  he  produces  the  finest  work, 
unrivalled  perhaps  in  the  whole  world.  Each  instrument  is  com¬ 
plete  in  itself,  of  the  best  material,  and  of  the  highest  finish ;  and  for 
this  he  charges  a  fair  remunerative  profit.  He  is,  however,  wanting 
in  the  originality  of  design  which  marks  our  neighbours,  the  French ; 
he  accepts,  if  useful,  their  inventions,  and  improves  upon  them,  but 
he  has  not  their  faculty  for  originating. 

The  arsenal  of  instruments  exhibited  by  M.  Charriere  is  a  marvel 
of  mechanical  ingenuity,  originality,  and  skill.  It  was  constructed 
for  the  army,  and  in  one  comparatively  small  box  is  arranged  every 
instrument  which  can  be  required  by  the  surgeon  in  any  operation  or 
emergency.  The  handle  of  one  instrument  is  common  to  many,  and 
the  blades  fit  to  it  by  a  kind  of  slot  joint,  and  the  scissors  and  forceps 
separate  into  parts  for  the  convenience  of  cleansing  them,  and  also 
to  allow  of  their  contributing  in  their  turn  to  form  other  instruments, 
by  additional  pieces  being  added  to  their  extremities.  These  should 
be  examined  carefully  to  be  justly  appreciated. 

The  surgical  case  exhibited  by  Professor  Nyrop  of  Copenhagen  is 
well  worth  a  careful  examination.  His  instruments  are  highly 
finished,  and  present  great  ingenuity.  Special  attention  should  be 
paid  to  his  osteotome,  a  clever  piece  of  mechanism,  which  enables 
the  operator  to  seize  the  bone,  hold  it  firmly,  and  to  saw  from  within 
outwards  close  to  the  side  of  the  fixed  point.  The  sawing  is  effected 
by  a  short,  rapid  movement,  produced  by  working  a  handle  at  one 
side  of  the  instrument.  For  removal  of  portions  of  the  lower  maxilla 
it  would  be  extremely  useful.  He  has  also  a  variety  of  orthopaedic 
instruments,  which  should  be  examined  by  those  who  are  interested 
in  this  special  department  of  surgery. 

The  Japanese  have  sent  a  case  of  the  instruments  in  common  use 
amongst  them.  Many  of  them  are  rough  models  of  those  in  use 
elsewhere.  The  only  point  of  interest  is  where  they  obtained  the 
first  copies  from  which  the  present  ones  are  made.  It  is  probable 
that  through  their  communication  with  the  Dutch  they  were  intro¬ 
duced.  Their  catheters  are  beautifully  made,  but  certainly  far  less 
efficient  than  those  ordinarily  employed.  Some  are  made  of  spiral 
coils  of  silver,  and  others  of  tortoise-shell. 

CHLOROFORM. — As  every  operation  now-a-days  is  deprived  of  its 
terrors  by  chloroform,  let  us  briefly,  before  examining  the  instru¬ 
ments,  look  at  this  drug,  and  notice  the  inhalers  which  are  exhibited 
for  its  proper  and  safe  administration.  So  important  is  the  due 
appreciation  of  this  wonderful  agent,  and  of  so  much  real  interest  is 
it  to  the  public,  that  we  have  dealt  with  it  in  a  more  lengthy  manner 
than  at  first  sight  it  appears  to  deserve. 

Since  Jenner  discovered  the  wonderful  effects  of  vaccination,  the 
greatest  boon  which  has  been  given  to  the  world  is  the  means  of 
rendering  the  human  body  insensible  to  pain  under  the  most  severe 
surgical  operations,  and  at  the  same  time  of  producing  this  condition 
of  anaesthesia  with  perfect  safety  to  the  patient. 

To  obtain  such  an  end  has  been  the  earnest  desire  of  all  who  have 
been  connected  with  medicine  from  the  earliest  times ;  and  mention 
has  been  made  of  the  use  of  anaesthetic  agents  by  some  of  our  most 
ancient  writers.  Thus  Pliny  the  naturalist,  who  was  buried  in 
Herculaneum  in  the  year  79,  describes  the  peculiar  effect  of  a  plant 
known  as  the  mandragora  or  circeius,  and  says  it  has  a  soporific  effect, 
and  “  it  is  drunk  against  serpents,  and  before  cuttings  and  punctur- 


ings,  lest  they  should  be  felt.”  (Bibitur  et  contra  serpentes  et  ante 
sectiones,  punctionesque,  ne  sentiantur.)  All  forms  of  sedatives, 
singly  or  combined,  have  at  different  times  been  advised  to  be 
administered,  internally  or  by  inhalation,  for  the  relief  of  pain  from 
surgical  operations,  and  gases  have  been  breathed  for  a  similar 
purpose ;  but  all  without  producing  any  satisfactory  result.  It  was 
not  until  the  30th  September,  1846,  that  the  first  safe  anaesthetic 
agent  was  brought  into  use.  To  Dr.  Morton,  a  surgeon-dentist  of 
Boston,  in  America,  are  we  indebted  for  this  great  boon.  On  that 
day  he  administered  sulphuric  ether  to  a  patient  by  inhalation,  and 
extracted  a  tooth  without  producing  pain.  It  was  then  tried  at 
the  Massachusetts  General  Hospital,  and  followed  by  perfect  success. 
The  report  of  this  agent  soon  reached  London,  and  in  December  of 
the  same  year  accounts  were  published  of  operations  performed  under 
its  influence,  and  from  this  time  it  became  a  recognized  means  of 
saving  patients  from  the  pain  of  surgical  operations,  and  was  com¬ 
monly  adopted  by  the  profession.  At  the  close  of  October,  1847, 
Professor  Simpson,  who  was  then  writing  a  paper  on  “  Etherization 
in  Surgery,”  made  a  series  of  experiments  as  to  the  effects  of  other 
respirable  drugs.  In  Dr.  Miller’s  “  Practical  Surgery,”  an  interesting 
account  is  given,  how  that  on  the  4th  November,  1847,  on  returning 
home  after  a  weary  day’s  work,  Dr.  Simpson,  with  two  of  his  friends 
— Drs.  Keith  and  Matthew  Duncan — sat  down  to  their  somewhat 
hazardous  work  of  inhaling  different  volatile  fluids.  Having  inhaled 
several  substances,  but  without  much  effect,  it  occurred  to  Dr. 
Simpson  to  try  a  ponderous  material  which  he  had  formerly  set  aside 
on  a  lumber  table,  and  which,  on  account  of  its  great  weight,  he  had 
regarded  as  of  no  likelihood  whatever — that  happened  to  be  a  small 
bottle  of  chloroform.  Each  sat  down  with  about  a  teaspoonful  of 
the  liquid  placed  at  the  bottom  of  a  tumbler,  and  commenced  their 
inhalations.  Immediately  an  unwonted  hilarity  seized  the  party ; 
they  became  bright-eyed  and  very  loquacious,  and  expatiated 
highly  on  the  delicious  aroma  of  the  fluid.  Suddenly  there  was  a  talk 
of  sounds  being  heard  like  a  cotton-mill,  louder  and  louder,  then  all 
was  quiet ;  and  then — a  crash.  On  awakening,  Dr.  Simpson’s  first 
perception  was  mental.  “  This  is  far  stronger  and  better  than  ether,” 
said  he  to  himself.  His  second  was  to  note  that  he  was  prostrate 
on  the  floor,  and  that  Drs.  Duncan  and  Keith  were  beneath  the  table. 
This  experiment  satisfied  Dr.  Simpson  of  the  value  of  chloroform  as 
an  anaesthetic,  and  a  further  series  of  experiments  confirmed  him  of 
its  worth. 

From  that  date  chloroform  came  in  and  ether  went  out ;  the 
former  possessed  so  many  advantages  that  its  claims  to  superiority 
were  in  England  immediately  acknowledged. 

To  the  late  Dr.  Snow  we  are  indebted  for  very  many  of  the  most 
valuable  experiments  and  truths  concerning  the  use  of  this  agent. 
He  has  clearly  proved  that  it  may  be  given  in  nearly  every  operation, 
even  though  the  patient  is  suffering  from  cardiac  or  cerebral  affec¬ 
tions,  provided  it  is  administered  judiciously,  and  by  one  who 
understands  its  action,  and  that  certain  precautions  are  followed  by 
the  patient  previous  to  his  using  it.  Atmospheric  air  diluted  with 
a  certain  proportion  of  chloroform  may  be  inhaled  with  perfect  safety ; 
but  if  the  per  centage  be  increased,  the  danger  is  increased  also, 
until  the  vapour  becomes  a  direct  poison  to  the  system,  and  para¬ 
lyses  the  action  of  the  heart. 

Three  chloroform  inhalers,  each  novel  in  their  construction,  are 
exhibited  in  the  English  department  of  the  Exhibition. 

DR.  SANSOM’S  CHLOROFORM  INHALER.— This  instrument  (Figs. 
716  and  717)  is  so  constructed  as  to  cause  not  only  a  due  dilution  of 
the  chloroform  vapour  with  air,  but  also  a  gradual  increase  in  the 
proportion  of  the  former,  from  the  commencement  of  the  inhalation 
until  the  attainment  of  anaesthesia.  A  drachm  of  chloroform  is 
poured  upon  blotting  paper,  loosely  placed  in  the  receptacle.  An 
inter-stratum  of  gutta-percha  prevents  undue  cold  during  vaporiza¬ 
tion.  By  means  of  a  joint  in  the  horizontal  tube,  the  receptacle  can 
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be  kept  in  the  upright  position,  however  the  patient  maybe  placed. 
Moreover,  the  whole  instrument  revolving  on  the  mouthpiece,  it  not 
only  adapts  itself  to  any  position  of  the  face,  but  it  can  be  turned 

from  one  side  to  the 
other  to  suit  the  con¬ 
venience  of  the  sur¬ 
geon.  The  valve  in 
the  face-piece,  and  the 
aperture  in  the  tube 
next  to  the  face-piece, 
allow  the  administra¬ 
tor  to  regulate  the 
admission  of  air. 


ME.  CLOVER'S  CHLORO¬ 
FORM  INHALER  consists  of 
an  air-tight  bag,  connected 
by  a  flexible  tube  to  a  face- 
piece,  with  valves  for  pre 
venting  the  respired  air 
from  being  breathed  a 
second  time.  The  bag  is 
filled  by  a  pair  of  bellows, 
which  forces  1000  cubic 
inches  of  air  through  a 
vessel  containing  40  mi¬ 
nims  of  chloroform.  The 
chloroform  volatilizes,  and 
mixing  with  the  air,  passes 
with  it  into  the  bag.  The  bag 
contains  4  minims  of  chloro¬ 
form  to  100  inches  of  air.  No 
accident  can  cause  the  patient  to  breathe  it  stronger  than  this. 
The  administrator  can  make  it  3,  2,  or  1  per  cent,  by  adjusting  a 
graduated  aperture  admitting  additional  air. 

MR.  COLEMAN’S  INHALER,  for  exhibiting  the  vapour  of  chloro¬ 
form  by  the  nostrils  during  operations  on  the  mouth,  is  exhibited 
in  Mr.  Fergusson’s  case.  It  is  a  very  simple,  but,  at  the  same 
time,  most  useful  contrivance  for  administering  the  vapour  under 
the  greatest  difficulties.  It  consists  of  a  metal  angle  piece,  exactly 
similar  to  that  in  Snow’s  small  midwifery  inhaler.  This  is  lined  with 
blotting  or  bibulous  paper,  on  which  sufficient  chloroform  is  poured  to 
saturate  it.  From  one  end  of  it  proceeds  a  wide  elastic  tube,  which 
terminates  in  a  metal  one  of  the  same  calibre,  blind  at  its  distal 
extremity,  and  furnished  with  two  short  offshoots,  one  for  each  nostril. 
These  are  inserted  into  the  nostrils,  and  the  vapour  of  the  chloroform 
is  made  to  pass  through  the  tube  into  the  nose  by  forcing  air  through 
the  chamber  which  contains  the  chloroform,  by  an  india  rubber  bottle. 
The  air  becomes  impregnated  with  chloroform,  and  is  inspired  by 
the  patient. 

THE  OPHTHALMOSCOPE. — The  greatest  improvement  which  has 
been  made  in  ophthalmic  surgery  during  the  last  ten  years  has  been 
the  introduction  of  the  ophthalmoscope.  By  means  of  this  instru¬ 
ment,  the  interior  and  deepest  parts  of  the  eye  can  be  thoroughly 
explored,  and  a  visual  examination  made  of  parts  which  heretofore 
were  entirely  hidden  from  our  view.  In  importance  it  ranks  second 
only  to  the  stethoscope,  and  like  that  instrument  it  not  only  affords 
us  an  opportunity  of  confirming  a  diagnosis  which  may  have  been 
arrived  at  from  physical  signs,  but  it  enables  us  to  detect  disease  at 
a  period  before  urgent  symptoms  have  begun  to  develope  themselves, 
and  thus  to  cope  with  it  whilst  it  is  yet  in  its  earliest  stage. 

There  are  several  different  forms  of  ophthalmoscopes,  but  the 
same  principle  is  involved  in  each.  The  difficulty  which  has  always 
presented  itself  is  this  : — The  rays  of  light  emanating  from  a  point 
or  body  we  are  looking  at,  fall  upon  the  eye,  and  by  means  of  the 
media  within  are  conveyed  to  a  focus  on  the  retina.  Many  of  these 


rays  are  transmitted  through  the  transparent  retina,  and  absorbed 
by  the  choroid,  but  the  majority  are  reflected,  and,  passing  back, 
undergo  the  same  refraction,  but  opposite  in  direction  to  that  which 
they  did  when  they  entered,  and  so  ultimately  reach  the  point  from 
which  they  started  :  or,  to  put  it  in  other  words,  the  column  of 
light  thrown  into  the  eye  from  the  flame  of  a  candle  is  brought  to 
a  focus  on  the  retina ;  the  bright  surface  of  the  choroid  reflects  a 
large  portion  of  these  rays,  and  as  they  take  a  course  similar  to 
that  by  which  they  entered,  the  focus  of  reflection  is  the  flame  of 
the  candle ;  hence  it  follows  that  to  see  within  the  eye  of  another 
person,  the  eye  of  the  examiner  must  be  where  the  flame  of  the 
candle  is.  To  Helmholtz  we  are  indebted  for  the  first  ophthalmo¬ 
scope  (Fig.  718).  The  principle  in  his  was,  that  the  rays  which  came 
from  a  lamp  placed  on  one  side, 
midway  between  the  observed  and 
observer’s  eyes,  fell  upon  a  highly 
polished  slide  of  glass  with  plane 
parallel  surfaces,  and  placed  at 
such  an  angle  that  the  incident 
rays  were  reflected  into  the  eye  of 
the  patient,  and  brought  to  a  focus 
on  his  retina.  Some  are  absorbed, 
but  the  majority  are  reflected  back, 
and,  leaving  the  eye  in  a  direction 
similar  to  that  by  which  they  en¬ 
tered,  many  of  them  in  their  return 
pass  through  the  plane  glass  re¬ 
flector  ;  but  as  these  are  convergent 
rays,  Helmholtz  interposes  a  bicon¬ 
cave  lens  to  scatter  them ;  and  hav¬ 
ing  become  divergent,  they  fall  on 
the  observer’s  eye,  and  by  means  of 
the  humours  within,  are  brought  to 
a  focus  on  his  retina. 

The  ophthalmoscope  now  in  most  common  use  is  Liebreich’s  (Fig. 
719).  It  consists  of  a  concave  metal  speculum,  highly  polished,  of  l£ 
inches  diameter,  and  4  inches  focal  length,  pierced  in  its  centre  by  an 
aperture  one  line  in  diameter.  At  its  side  is 
a  small  clip  for  an  ocular  lens,  which  may  be 
either  concave  or  convex,  according  to  the 
accommodative  power  of  the  eye  of  the  ob¬ 
server.  A  lamp — gas  argand,  or  moderator — is 
placed  by  the  side,  slightly  behind,  and  on  a 
level  with  the  patient’s  eye  to  be  examined. 

The  surgeon  sitting  in  front  of  his  patient,  and 
holding  his  ophthalmoscope  about  18  or  20 
inches  from  the  eye  he  is  examining,  receives 
on  its  bright  polished  surface  the  rays  of  light 
from  the  lamp.  These  are  reflected  into  the 
eye  of  the  patient  (Fig.  720),  and  illumine 
its  interior.  Holding  in  his  other  hand  a 
biconvex  lens,  at  about  1  inch  in  front  of  the 
patient’s  eye,  he  moves  his  own  head  slightly  backwards  and  for¬ 
wards,  looking  at  the  same  time  through  the  sight-hole  of  the 
speculum,  until  he  gets  a  correct  aerial  image  of  the  fundus  of  the 
eye  he  is  looking  at.  The  image  is  magnified  and  inverted.  This 
is  called  the  indirect  method  of  examination. 

There  are  other  ophthalmoscopes  exhibited,  but  space  will  not 
allow  more  than  a  mere  enumeration  of  them.  Zehinder’s  for  the 
direct  examination  of  the  eye.  Here  the  portion  of  the  fundus  seen 
is  smaller,  but  the  object  immediately  under  observation  is  larger. 
Both  of  these  instruments  may  be  seen  in  Mr.  Pillischer  the  optician’s 
case,  or  in  Mr.  Matthews’,  of  Portugal  Street. 

A  very  ingenious  binocular  ophthalmoscope  is  exhibited  by  Mr. 
Nachet,  the  optician,  of  Paris.  It  was  designed  by  Mr.  Giraud  Teulon 


Fig. 719. 
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for  the  purpose  of  allowing  the  surgeon  to  use  both  his  eyes  at  the 
same  time  when  examining  the  deep  parts  of  the  eye.  The  instru¬ 
ment  answers  well  the  purpose  for  which  it  was  invented,  and  is 
worthy  the  careful  inspection  of  all  who  are  interested  in  this  special 
department  of  surgery. 


Fig.  720, 


Mode  of  using  Ophthalmoscopes. 


EYE  INSTRUMENTS. — These  have  undergone  considerable  altera¬ 
tion  since  the  Great  Exhibition  of  1851.  Very  many  new  instruments 
have  been  introduced  for  the  performance  of  new  operations,  and  some 
of  the  old  ones  have  been  modified.  The  cataract  knife,  now  most 
commonly  used,  is  different  to  the  one  usually  recognised  as  Beers.  It 
is  made  after  the  model  of  Sichel’s,  and  is  more  tapering  to  its  point, 
narrower,  and  the  sides  more  rounded,  so  that  in  introducing  it  to 
make  a  section  of  the  cornea,  the  blade  (if  properly  made)  fills  up 
very  accurately  the  section  as  it  cuts,  and  thus  prevents  the  escape 
of  the  aqueous  until  after  the  counter  puncture  has  been  made.  The 
great  advantage  of  this  is  easily  seen,  for  it  allows  the  operation  to 
be  steadily  and  carefully  performed,  whereas  with  the  old  knife  it 
was  often  a  race,  whether  the  point  of  the  blade  could  cross  the 
anterior  chamber  and  reach  the  opposite  side,  before  the  aqueous  ran 
out.  If  the  latter  occurred  first,  considerable  difficulty  was  experi¬ 
enced,  and  oftentimes  the  operation  was  obliged  to  be  postponed  on 
account  of  the  iris  falling  in  front  of  the  knife. 

The  operation  of  iridectomy  suggested  by  Yon  Grsefe  of  Berlin 
requires  special  instruments,  and  small  triangular  spear-shaped 
knives,  for  the  purpose  of  making  the  necessary  incision  previous  to 
the  removal  of  the  iris,  have  been  devised  by  him,  and  maybe  seen 
in  most  of  the  instrument  cases  in  the  Exhibition. 

For  Schuft’s  operation  for  the  extraction  of  cataract,  the  incision 
into  the  cornea  is  made  near  the  margin  of  and  within  the  cornea, 
with  one  of  V  Grsefe’s  iridectomy  knives ;  and  the  required  portion  of 
iris  having  been  removed,  small  scoops  (spoons  set  in  handles)  are 
used  to  shovel  out  the  lens  (Fig.  721).  The  nucleus  is,  if  possible, 


Fig.  721. 


Double  Scoop. 


first  removed,  and  afterwards  any  soft  lenticular  matter  which  may 
remain.  The  spoon  is  furnished  at  its  anterior  extremity  with  an 
abrupt  upright  border,  which  is  bevelled  off  towards  its  base,  so  as 
to  prevent  the  fragments  of  lens  escaping  after  being  once  within 
its  grasp.  They  are  made,  for  convenience,  of  several  different 
sizes. 

In  the  treatment  of  diseases  of  the  lachrymal  organs,  Mr.  Bowman 
has  had  a  dilator  made  for  the  canaliculi.  It  is  introduced  as  a 


Fig.  722. 


Snellen’s  Eye 
Instrument. 


fine  probe  within  the  canaliculus,  and  by  pressing  a  spring  in  the 
handle,  the  blades  may  be  made  to  open  to  the  extent  of  the  lines 
dotted  in  Fig.  722.  Mr.  Bowman  has  also  had  Tyrrell’s  hook  made 
in  aluminium,  to  allow  of  its  being  bent  to  any  angle  which  may  be 
required  by  the  operator. 

Snellen’s  instrument  for  operations  on 
the  eye-lids  is  extremely  useful,  and  is  an 
improvement  on  the  one  used  long  ago  by 
Desmarres  of  Paris.  It  is  seen  in  Fig.  723. 

The  lower  broad  blade  is  introduced  be¬ 
neath  the  upper  lid,  and  the  upper  ring  of 
steel,  is  by  the  screw  in  the  handle,  fast¬ 
ened  down  firmly  so  as  to  restrain  all  hae¬ 
morrhage  during  operations  on  this  part. 

They  are  made  right  and  left,  according 
to  which  eye  is  to  be  operated  on. 

The  above  eye  instruments  are  exhibited 
by  Messrs.  Weiss  of  the  Strand,  and  M. 

Luer  of  Paris,  both  of  whom  excel  in  the 
extreme  delicacy  and  excellence  of  their 
work.  The  delicate  iris  forceps  of  M. 

Luer  are  deserving  of  special  attention. 

THE  LARYNGOSCOPE. — Very  analogous 
to  the  opthalmoscope  is  the  Laryngoscope, 
by  Professor  Czermack  of  Prague,  for 
examining  visually  the  parts  within  the 
larynx  (the  organ  of  voice).  This  organ, 
placed  in  man  at  the  top  of  the  trachea, 
or  windpipe,  as  it  is  commonly  called, 
serves  a  double  purpose — it  guards  that 
tube  with  painful  vigilance  from  the  en¬ 
trance  of  foreign  bodies  in  the  passage  of 
the  air  to  the  lungs — a  fact  familiar  to  all 
who  have  experienced  the  fearful  spasm 
and  cough  which  ensues  when  a  crumb  of  bread,  to  use  a  familiar 
expression,  has  gone  the  wrong  way ;  the  truth  really  being,  that 
the  sensitive  larynx  has  taken  cognizance  of  the  stranger  imme¬ 
diately  on  its  admission,  and  endeavours  to  repair  the  error  of 
having  allowed  it  to  enter,  by  ejecting  it  with  as  much  rapidity  as 
possible.  The  second  purpose  of  the  larynx  is  as  an  organ  of  voice. 
Furnished  with  vocal  chords  which  are  thrown  into  vibration  during 
expiration,  voice  is  produced.  Any  impairment  of  this  organ  will 
interfere  with  or  entirely  destroy  the  voice,  and  if  severe,  impede 
respiration.  Now,  the  larynx  is  situated  too  low  to  be  examined 
visually  by  the  mouth  without  the  aid  of  some  special  apparatus,  and 
its  excessive  sensibility  has  prevented  any  other  practical  mode  of 
examination.  We  have  therefore  been  obliged  to  recognize  and 
diagnose  the  diseases  of  this  organ  from  physical  signs ;  but  it  has 
often  been  next  to  impossible,  during  life,  to  say  whether  our  diag¬ 
nosis  has  been  correct.  With  the  aid  of  the  laryngoscope  we  can 
now  look  into  the  larynx,  and  form  an  accurate  opinion  as  to  the 
condition  of  the  parts  within. 

Such  an  instrument  has  long  been  a  desideratum,  and  it  is  to 
Professor  Czermack  of  Prague  that  we  are  indebted  for  one  (Fig. 
724)  which,  without  causing  much  annoyance  to  the  patient,  gives 
to  the  surgeon  a  clear  view  of  the  parts  contained  in  the  organ  of 
voice. 

A  lamp,  such  as  a  moderator,  or  gas  with  an  argand  burner,  is 
placed  by  the  side  of  the  head  of  the  patient  to  be  examined,  who 
sits  in  a  chair  opposite  to  the  surgeon,  with  his  nead  forward  and 
his  mouth  widely  opened.  A  concave  reflecting  glass  mirror,  cir¬ 
cular  in  form,  with  a  diameter  of  3  to  4  inches,  and  a  focal  distance 
of  8  to  12  inches,  is  perforated  in  the  centre  with  an  aperture 
about  l-5th  of  an  inch,  through  which  the  eye  of  the  surgeon  looks. 
This  mirror  is  placed  at  a  convenient  distance  before  the  eye  of  the 
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surgeon,  and  maintained  there  by  a  handle  which  is  held  by  him 
between  his  teeth,  so  as  to  allow  of  his  hands  being  free,  or  by  a 
band  round  the  forehead.  By  properly  directing  the  mirror,  a 
column  of  light  is  thrown  into  the  mouth,  and  by  means  of 
Fig.  724.  bright  metal  specula  of  different  sizes,  as  represented  at 
Fig.  725,  and  attached  at  different  angles  to  a  long  stem 
introduced  into  the  mouth,  and  held  above  the  larynx,  a 
correct  image  is  seen  of  the  parts  beneath,  but  of  course 
reversed.  Considerable  delicacy  and  dexterity  of  mani¬ 
pulation  is  required  to  conduct  such  an  examination,  as  the 
back  of  the  mouth  is  irritable,  and  often  refuses  for  a 


Speculum  Mode  of  using  the  Laryngoscope. 

Metal. 


while  to  allow  the  metal  speculum  to  touch  the  soft  palate ;  and 
again,  the  tongue  is  apt  to  get  in  the  way,  and  afford  considerable 
inconvenience.  Before  introducing  the  speculum  into  the  mouth,  it 
should  be  dipped  into  warm  water,  or  held  for  a  few  seconds  over 
the  flame  of  a  spirit-lamp. 

A  more  detailed  account  of  Dr.  Czermack’s  researches  will  be 
found  in  Dr.  Gibb’s  excellent  translation  of  Czermack  on  the  “  Use 
of  the  Laryngoscope,”  published  by  the  new  Sydenham  Society. 

TRACHEOTOMY  TUBES. — From  numerous  diseases  of  the  larynx 
into  which  we  cannot  enter,  the  respiration  becomes  affected,  and 
but  for  the  interference  of  the  surgeon  the  patient  would  literally 


Fig.  726. 


Tracheotomy  Tube. 


die  from  want  of  breath. 
In  such  cases  he  opens 
the  windwipe  below  the 
seat  of  the  disease,  and 
inserts  a  tube  through 
which  the  air  enters,  and 
the  patient  may  continue 
to  live  on. 

In  many  instances,  as 
in  some  cases  of  croup 
or  laryngitis,  the  diseased  part  recovers,  and  in  a  short  time  the 
tube  may  be  dispensed  with,  and  the  wound  in  the  trachea  allowed 
to  close ;  but  in  others  where  there  is  permanent  disease,  the  tube 
may  and  often  is  worn  by  the  patient  for  life.  The  operation  is 
often  a  very  difficult  one,  and  is  performed  frequently  when  the 
patient  is  almost  in  articulo ,  and  struggling  violently  for  want  of 
breath.  One  of  the  chief  difficulties  which  is  experienced,  is  the 
introduction  of  the  tube  after  an  opening  has  been  made  in  the 
trachea,  and  to  remedy  this  a  wedge-shaped  dilating  tube  (Fig.  726) 
exhibited  by  Mr.  Matthews  of  Portugal  Street,  and  by  Messrs.  Wicker 
&  Blaize,  and  some  of  the  other  makers,  answers  well.  The  outer 
tube,  as  seen  in  the  engraving,  is  deficient  above  and  below,  so  that 
the  two  sides  being  pressed  together  by  the  thumb  and  finger  form 


Method  of  applying  the  Tube. 


a  thin  wedge,  as  seen  in  Fig.  727,  and  can  be  readily  slipped 
into  the  opening  in  the  windpipe.  The  canula  having  been 
thus  introduced,  the  inner  tube  can  with  facility  be  passed.  This 
arrangement  allows  also 

of  the  inner  tube  to  be  Fig. 727* 

withdrawn  and  cleaned 
as  often  as  it  becomes 
blocked  up  with  mucus, 
without  inconvenience  or 
danger  to  the  patient. 

The  inner  tube  is  fur¬ 
nished  also  with  a  supe¬ 
rior  aperture,  to  allow  of 
any  air  which  can  pass 
from  the  mouth  through 
the  larynx  to  enter  the 

lungs.  In  certain  cases  the  tube  may  have  to  be  worn,  even  though 
the  passage  through  the  larynx  may  be  tolerably  pervious ;  and  as 
the  organ  of  voice  is  placed  above  the  opening  in  the  windpipe,  and 
voice  is  produced  by  the  vocal  chords  being  thrown  into  vibration 
during  expiration,  it  follows  that  the  patient  cannot  speak  unless 
the  external  aperture  of  the  tube  is  closed  to  allow  him  to  expire 
through  the  mouth.  For  this  purpose  an  ingenious  tube  is  exhibited 
by  M.  Luer  in  the  French  department.  An  aperture  of  large  size 
is  made  in  the  upper  wall  of  the  tube,  and  the  outer  end  of  the  tube 
is  bent  downwards,  and  terminates  in  a  dilated  extremity,  in  which 
is  placed  a  movable  aluminium  ball,  which  closes  the  external  orifice 
at  each  effort  of  the  patient  to  speak,  and  so  allows  the  air  to  pass 
upwards  through  the  larynx. 

FORCEPS.— Mr.  Matthews  has  introduced  a  novelty  in  the 
arrangement  of  the  teeth  of  his  forceps  (Fig. 

728),  and  the  principle  is  applied  to  all  dress-  .  Fis- 729- 

ing,  sequestra,  and  polypi  forceps.  Instead 

Fig.  728. 


Matthews’  Improved  Forceps. 

of  being  made  to  fit  one  within  the  other,  he  has  changed 
their  direction,  and  cut  them  so  as  somewhat  to  resemble 
the  teeth  of  a  shark.  They  are  directed  backwards  from 
the  point,  and  so  almost  preclude  the  possibility  of  any 
tissue  slipping  from  their  hold,  when  once  within  their 
grasp.  Forceps  with  such  a  disposition  of  the  teeth  are 
peculiarly  fitted  for  the  removal  of  sequestra  in  opera¬ 
tions  on  bone,  where  great  strength  and  power  of  grip  are 
essential. 

Mr.  Weiss  has  exhibited  a  very  clever  pair  of  canula 
forceps,  for  seizing  foreign  bodies  in  the  throat  (Fig. 

729).  The  great  novelty  is  the  application  of  the  canula 
principle,  and  the  make  of  the  canula.  The  canula  is 
made  of  a  spiral  of  steel,  to  allow  of  it  assuming  any 
curve  which  the  surgeon  may  give  to  the  rod  within. 

The  metal  rod  within  terminates  in  two  blades,  which 
aro  made  to  close  when  the  object  has  been  seized  by 
simply  drawing  in  the  handle,  and  thus  pulling  the  ex 
tremity  of  blades  within  the  canula. 

TREPHINES. — A  great  improvement  has  been  made 
on  the  old  trephine  by  Messrs.  Evans  &  Stevens,  and  a  very 
excellent  instrument  is  exhibited  by  them  in  their  case.  The  old 


Weiss’  Canula 
Forceps. 
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trephine  was  certainly  the  most  inconvenient  and  awkward  instru¬ 
ment  which  the  surgeon  had  to  use.  It  was  unequal  in  its  action,  and 
involved  great  fatigue  to  the  operator.  The  new  one  (Fig.  730),  by 

means  of  a  handle  with  a  fixed 
or  universal  joint  placed  at  the 
side  of  the  instrument,  is  made 
to  rotate  as  rapidly  as  the  ope¬ 
rator  may  desire.  A  screw  on 
one  side  regulates  the  depth  of 
the  central  pivot,  which  steadies 
the  circular  saw  until  it  has 
made  for  itself  a  sufficient  groove 
to  work  in,  allowing  it  to  be 
withdrawn  when  necessary. 
By  this  instrument  a  uniform 
action  is  secured,  the  unequal 
pressure  of  the  hand  of  surgeon 
done  away  with,  and  the  opera¬ 
tion  can  be  performed  in  a  con¬ 
siderably  less  time  and  with  less 
fatigue  than  with  the  old  one. 
Its  excellence  will  be  fully 
appreciated  by  those  who  have 
had  to  use  the  old  trephine. 

HEMORRHOIDS.  —  In  Mr. 
Matthews’  case  is  exhibited  a 
clamp  (Fig.  731)  for  haemor¬ 
rhoids,  devised  by  Mr.  Henry 
Smith,  assistant  surgeon  to 
King’s  College  Hospital.  This 
instrument  is  a  clamp  or  blunt 
pair  of  scissors.  The  blades, 
instead  of  being  serrated  at  the 
edges,  as  in  the  ordinary  clamp,  are  made  to  fit  into  one  another 
by  means  of  a  depression  in  one  blade  and  a  raised  surface  in  the 
other.  The  blades  are  so  constructed  that  there  is  perfect  paral¬ 
lelism  between  them,  so  that  they  meet  at  every  point  at  the  same 

Fig.  731. 


Trephine. 


Smith’s  Clamp  for  Hccmorrlioids. 

moment,  and  the  compression  exerted  is  uniform.  The  handles 
are  of  great  strength,  and  are  connected  together  by  a  light  but 
powerful  screw,  by  means  of  which  the  blades  can  be  compressed  to 
the  utmost,  or  the  pressure  regulated  at  the  will  of  the  operator. 

TRUSSES  for  the  support  of  the  different  forms  of  hernia,  inguinal, 
femoral,  and  umbilical,  are  exhibited  in  great  numbers,  but  space  will 
only  allow  notice  to  be  taken  of  those  which  present  some  novelty. 
The  others  are  already  well  known,  and  from  the  time  which  they 
have  been  in  use,  the  public  have  learnt  to  apportion  to  each  the 
value  to  which  it  is  entitled. 

Mr.  John  Wood,  assistant  surgeon  at  King’s  College  Hospital, 
has  invented  a  truss  for  each  form  of  hernia,  differing  entirely  in 
principle  from  all  which  have  formerly  been  constructed ;  and  as 
he  has  become  from  his  operation,  and  his  writings  on  the  radical 
cure  of  hernia,  an  authority  on  this  subject,  we  are  anxious  to  give 
to  his  invention  the  publicity  which  his  name  has  a  right  to  claim. 


They  are  exhibited  in  the  cases  of  Messrs.  Weiss  and  Mr.  Matthews 
of  Portugal  Street,  Lincolns-iu-Fields.  The  novelty  and  advantages 
of  these  trusses  are  found  in  the  form  of  the  pad,  and  in  the  appli¬ 
cation  of  a  new  form  of  spring  for  applying  pressure.  They  are 
constructed,  he  says,  to  obviate  the  objections  to  the  common  form 
of  conical  or  convex  truss  pad,  which  have  a  direct  tendency  to 
dilate  the  hernial  opening  from  without,  exactly  as  the  hernia  dilates 
it  from  within.  They  were  devised  by  Mr.  Wood  especially  with  a 
view  to  promote  the  complete  or  radical  cure  of  hernia.  The  truss 
pads  are  composed  of  a  hollow  disc  of  steel  or  German  silver,  covered 
with  vulcanized  iudia  rubber  and  wash  leather.  In  Fig.  732  is 
shown  a  pad  for  oblique  inguinal  hernia.  It  is  of  a  horse-shoe 
shape,  and  perfectly  flat  when  opposed  to  the  skin ;  the  long  diameter 
of  the  oval  is  placed  over  the  axis  of  the  hernial  canal ;  the  two 
extremities  of  the  horse  shoe  make  pressure  upon  the  sides  or 
pillars  of  the  external  abdominal  ring  respectively,  the  slit  being 
opposed  to  the  opening  or  ring  itself  where  the  spermatic  cord 
emerges.  The  surface  of  the  pad  and  slit  are  covered  by  a  thin 
layer  of  vulcanized  india  rubber,  which  prevents,  by  its  elastic 
reaction,  the  skin  from  protruding  into  the  interval.  Thus  it  will 
be  seen  that  the  pressure  tends  to  close  the  sides  of  the  opening. 
The  spring  is  H-shaped,  the  two  lower  arms  making  pressure  on  the 
ends  of  the  horse  shoe,  and  is  held  in  position  by  braces  near  their 
extremities.  A  transverse  slit  in  the  connecting  piece  permits  the 
movement  of  an  adjusting  screw,  which 
carries  the  side  or  hip  spring  towards  Fig.  732. 

either  side  at  which  the  appearance  of 
the  rupture  indicates  the  most  pressure 
to  be  required.  Fig.  733,  pad  for  direct 
inguinal  hernia.  The  circular  opening  in 
the  centre  is  placed  opposite  the  hole  in 
the  abdominal  wall,  and  the  flat  ovoid 
ring  around  it,  makes  pressure  upon  the 
surrounding  parts,  giving  them  a  tendency 
to  close  in  round  the  opening.  It  is 
covered  with  india  rubber  and  wash 
leather,  for  the  same  purpose  as  in  the 
preceding  pad.  The  spring  is  X-shaped, 
making  pressure  upon  the  pillars  of  the 
external  abdominal  ring,  where  they  have 
a  tendency  to  open  out  before  the  pres¬ 
sure  of  the  rupture.  The  cross  slides  in 
the  spring  at  the  junction  of  the  limbs 
permit  of  adjustment  of  the  side  spring  by 
a  screw  as  before.  The  pad  of  the  truss  Fis- 733- 

for  femoral  hernia  is  for  its  radical  cure.  Wood’s  Truss  Pads. 

Its  object  is  to  make  pressure  upon  the 

crural  arch  or  Poupart’s  ligament;  to  flatten  it  down  upon  the 
brim  of  the  pelvis,  and  so  exclude  the  rupture  at  the  upper  or  deep 
opening.  The  pad  is  so  shaped  that  the  upper  part  of  it  is  applied 
to  the  groin  above  the  groove,  whilst  the  lower  part  covers  the 
crural  canal  and  saphenous  opening.  It  is  furnished  with  an  X- 
shaped  spring. 

Mr.  Bigg,  in  his  case  of  orthopaedic  instruments,  also  exhibits  a 
new  truss,  which  he  calls  the  triple  lever  truss.  This  is  so  con¬ 
structed  as  to  do  away  with  the  metallic  band  which  usually 
encircles  the  pelvis.  It  consists  of  three  lever  springs,  so  arranged 
as  to  have  one  of  each  of  their  extremities  resting  against  a  small 
screw  button  fixed  within  the  pad.  This  button  can  be  readily 
turned  either  backwards  or  forwards  by  the  wearer  of  the  truss, 
upon  which  the  pressure  against  the  hernial  aperture  is  increased 
or  diminished  at  will.  These  three  springs  are  of  different  lengths, 
and  so  placed  that  upon  being  brought  into  action,  one  presses  the 
pad  upwards,  the  second  inwards,  and  the  third  towards  the 
mesial  line  of  the  abdomen.  The  accompanying  drawings  show, 
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Fig.  734,  the  complete  truss;  Fig.  735,  the  arrangement  of  the 
lever  springs;  and  Fig.  736,  a  section  of  the  truss,  illustrating 
the  principle  upon  which  it  acts.  Fig.  334  shows  the  position 

of  the  springs  A,  b,  C, 
when  the  truss  is  in  situ. 
Fig.  335,  A,  b,  c,  are  the 
three  springs,  with  their 
inferior  extremities,  D,  e, 
f,  under  a  screw  button, 
G,  on  turning  which  the 
pad  is  pressed  inwards. 
Fig.  336,  a  section  of  the 
pad  and  screw,  showing 
by  the  dotted  lines  the 
direction  the  springs  A 
and  b  take  when  acted 
on  by  the  screw. 

STRICTURE  INSTRU¬ 
MENTS.  —  Instruments 
for  dividing  strictures  of 
the  urethra  internally 
are  exhibited  in  nearly 
every  surgical  case  in 
every  department  of  the  Exhibition.  The}'  are  of  almost  every 
possible  form,  but  the  principle  in  each  is  nearly  the  same.  To 
introduce  a  small  catheter  or  sound  down  to  or  through  the 
strictured  parts,  and  then  by  pressing  some  side  spring  or  handle 
to  protrude  a  cutting  edge,  and  so  divide  the  stricture.  The  cut  is 
done  in  the  dark,  and  it  is  quite  conjectural  how  much  more  of  the 
urethra  is  divided  than  necessary.  Certain  it  is  that  oftentimes  a 
catheter  may  be  speedily  introduced  after  such  a  proceeding,  but 
equally  sure  is  cicatrization  to  follow  the  wound  inflicted,  and  the 
stricture  to  return.  Instruments  of  this  nature  are  very  old,  and 
the  benefit  which  they  are  said  to  produce  is  very  seriously  ques¬ 
tioned  by  some  of  our  best  authorities  on  this  subject.  There  are 
many  other  modes  of  treatment  of  this  affection,  which  are  certainly 
more  novel,  and  for  which  instruments  have  been  exhibited. 

HOLT’S  INSTRUMENTS  FOR  DILATING  strictures  consists  of  a 
two-bladed  canula  united  at  one  end  by  a  fine  joint,  separable  at  the 
handle  extremity,  and  with  a  wire  running  down  the  centre,  fixed 
at  its  lower  extremity.  The  blades  of  the  canula  when  closed 
are  fastened  together  by  a  screw  at  the  handle,  and  form  a  small¬ 
sized  bougie  which  is  first  introduced  through  the  stricture  into  the 
bladder.  The  pressure  of  the  screw  is  now  removed,  and  canulse 
of  different  sizes  may  be  threaded  in  turn  down  the  central  wire, 
so  as  to  produce  a  dilatation  of  the  stricture,  and  if  necessary 
to  crack  it  in  parts,  to  allow  of  the  introduction  of  a  large-sized 
catheter. 

WAKLEY'S  INSTRUMENTS  FOR  DILATATION  OF  THE  URETHRA. 

• — A  fine  silver  catheter  is  introduced  through  the  stricture  into  the 
bladder,  and  to  its  extremity  a  rod  for  the  purpose  of  lengthening  the 
catheter  is  screwed  on.  Conical  canulse  are  then  passed  over  the 
catheter  and  through  the  stricture,  beginning  with  the  smallest  size, 
and  increasing  until  the  desired  amount  of  dilatation  is  accomplished. 
Finally,  a  gum  elastic  canula  is  passed  over  all,  and  the  catheter 
and  canidse  having  been  withdrawn,  it  is  left  in  the  bladder. 

INSTRUMENTS  FOR  THE  REMOVAL  OF  FOREIGN  BODIES  FROM 
THE  BLADDER,  WITHOUT  ANY  CUTTING  OPERATION,  are  exhibited 
by  M.  Charriere  and  M.  Mathieu  in  the  French  department.  So 
ingenious  are  they,  and  of  such  different  forms,  that  one  is  almost 
forced  to  believe  that  there  is  really  a  demand  abroad  for  such 
instruments,  and  that  bits  of  bougies,  catheters,  hair  pins,  &c.,  do 
in  some  extraordinary  manner  frequently  find  their  way  into  the 
bladder,  and  that  the  aid  of  such  instruments  is  rendered  necessary 
for  their  removal.  This  happens  occasionally  even  in  England, 


and  the  removal  of  such  bodies  is  always  a  matter  of  great  diffi¬ 
culty. 

The  instrument  exhibited  by  M.  Mathieu  is  so  ingenious  that 
pins,  bits  of  catheter,  or  even  hair  pins,  may  be 
removed  with  facility  from  the  bladder  without 
resorting  to  any  cutting  operation.  The  instrument 
(Fig.  737)  consists  of  a  straight  canula,  along  which 
is  run  a  straight  rod  armed  with  a  blunt  hook  for 
seizing  the  hair  pin.  When  this  is  effected,  a  rack 
and  pinion  at  its  upper  extremity  draws  the  pin,  no 
matter  in  what  part  it  is  caught,  within  the  canula 
in  a  direction  perpendicular  to  itself.  The  three 
diagrams  represent  the  hair  pin  seized,  a,  then  bent, 
b,  and  at  last  disappearing  within  the  canula,  c. 

The  engraving  (Fig.  738)  represents  an  instrument 
in  M.  Charriere’s  case,  for  seizing  fragments  of  broken 
bougies  in  the  bladder  and  extracting  them.  One  of 
the  drawings  shows  the  instrument  with  the  blades 
drawn  apart,  and  in  the  other  is  seen  a  portion  of 
bougie  seized  and  bent  up  so  as  to  be  able  to  be 
drawn  through  the  urethra. 

There  are  many  other  instruments  for  the  removal 
of  other  foreign  bodies  from  the  bladder,  but  space 
will  not  allow  mention  of  more. 

CATHETERS. — Mr.  Matthews  has  introduced  a  new  and  cheap 
catheter,  which  will  be  found  ex¬ 
tremely  useful  for  hospital  purposes, 
as  it  is  easily  cleaned,  very  strong, 
and  not  of  sufficient  value  to  excite 
the  cupidity  of  the  outpatients.  It 
is  a  fact  hardly  to  be  credited,  that 
the  silver  catheters  are  continually 
being  stolen  by  the  patients  who  come 
to  the  hospital  for  gratuitous  relief. 

These  catheters  are  made  of  steel,  tinned  inside,  and  coated  externally 
with  a  layer  of  vulcanite. 

INSTRUMENTS  FOR  AFFECTIONS  OF  THE  UTERUS.  —  The 

engravings  shown  under  Fig.  739  are  taken  from  some  instrument, 
exhibited  in  the  case  of  Messrs.  Weiss  of  the  Strand,  for  the  treat¬ 
ment  of  some  diseases  of  the  uterus.  A  represents  Dr.  Greenhalgh’s 
hysterotome  for  incising  each  side  of  the  neck  of  the  uterus.  This 
instrument  has  two  blades  which  are  protruded  in  the  direction  of 
the  dotted  lines  by  drawing  in  the  handle,  and  cut  from  within 
outwards,  the  incision  being  deeper  at  the  base  than  the  apex. 
The  depth  of  the  incision  can  also  be  regulated.  It  enables  the 
operator  to  incise  both  sides  of  the  uterus  at  the  same  time.  B 
represents  Weiss’  bivalve  speculum.  The  screw  of  this  instru¬ 
ment,  acting  directly  on  the  blades,  enables  the  operator  to  use  a 
covering  of  india  rubber,  to  prevent  the  soft  parts  from  falling 
between  the  blades  during  the  examination.  The  obturator,  c,  is 
used  to  facilitate  the  introduction  of  the  speculum,  and  is  also 
covered  with  india  rubber.  The  end  of  the  plug  communicates 
with  an  elastic  bottle  which  dilates  it  with  air  to  the  size  shown  by 
the  dotted  lines,  so  as  to  form  a  soft  cushion  beyond  the  speculum. 
Upon  releasing  the  pressure  of  the  bottle,  the  rubber  collapses,  and 
the  speculum  having  been  introduced,  the  plug  may  be  withdrawn. 

D  represents  Weiss’  ecraseur  for  wire  rope.  The  wire  in  this 
instrument  is  wound  round  a  drum  turned  by  an  endless  screw. 
Canulae  of  different  curves  and  lengths  may  be  attached.  The  guide 
and  adjuster  for  placing  the  ligature  round  a  polypus  in  the  uterus 
previous  to  passing  it  into  the  canula  of  the  ecraseur,  is  seen  in 
E  and  F. 

OVARIOTOMY. — Now  that  the  removal  of  ovarian  tumours  from 
within  the  cavity  of  the  abdomen  has  become  not  only  a  recognized 
operation,  but  one  which  is  attended  with  a  very  fair  proportion  of 


Fig.  734. 


Bigg’s  Triple  Truss. 


Fig.  737. 


Mathieu’s 

Instrument. 


Fig.  voa. 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862, 


550 


success,  attention  is  directed  to  the  instruments  (Fig.  740)  which  this 
proceeding  specially  requires. 

Exhibited  in  Mr.  Weiss’  case  is  Mr.  Spencer  Wells’  clamp,  and 
his  trocar  and  syringe,  for  injecting  ovarian  cysts  with  iodine. 

The  trocar,  G,  is  14  inches  long,  and  is  covered  by  a  canula 
of  gum  elastic.  The  trocar  is  used  in  the  ordinary  manner  ;  but  as 
it  is  withdrawn,  the  canula  is  pushed  on  to  the  bottom  of  the  cyst. 
A  syringe,  a  stopcock,  and  a  graduated  glass  vessel  for  the  iodine, 
H,  are  so  secured  that  every  drop  of  ovarian  fluid  may  be  removed, 


Fig.  739. 


Uterine  Instruments. 


and  the  admission  of  air  is  prevented  during  the  escape  of  the 
fluid  from  the  cyst,  or  the  injection  and  the  withdrawal  of  tho 
iodine.  Mr.  Wells’  clamp,  i,  for  ovariotomy  secures  parallel  and 
equal  pressure  upon  the  pedicle.  The  slight  curve  prevents  injurious 
pressure  of  the  angles  upon  the  edges  of  the  wound  or  neighbouring 
parts. 

K  is  the  clamp  used  by  Mr.  Hutchinson,  assistant-surgeon  to 
the  London  Hospital.  The  advantages  he  claims  for  it  are,  that 
it  can  be  more  rapidly  applied  than  either  a  ligature  or  ligatures, 
and  that  it  facilitates  the  keeping  the  peduncle  outside  the  wound. 


The  handles  can  be  removed  after  it  is  applied.  In  employing  it, 
it  is  essential  to  keep  a  considerable  mass  of  the  tumour  above  its 

Fig.  740. 


Ovariotomy  Instruments. 


grip,  i.e to  cut  off  high  up,  so  as  to  leave  a  bulbous  mass  which 
will  prevent  all  possibility  of  its  slipping. 

SAWS.— The  accompanying  engraving  (Fig.  741)  represents  a 


saw,  commonly  known  to  the  profession  as  Butcher’s  saw,  from  Mr. 
Butcher  of  Dublin  having  advocated  its  use  in  cases  of  excision  of 
joints.  By  means  of  the  screw  at  the  back,  the  blade  can  be 
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Hand-saw,  with  Movable  Back. 


Mathieu’s  Chain  Saw. 


turned  in  any  direction,  so  that  the  operator,  if  necessary,  can  cut  in 
a  semicircular  direction,  and  merely  remove  the  articular  extremities 
of  the  bones ;  or,  by  entirely  relaxing  the  screw,  the  blade  can  be  re¬ 
moved,  and  another  substituted.  Fig.  742  is  an  ordinary  tenon  saw, 

butprovidedwith 

-  Fig.  742.  a  movable  back, 

_ _  to  allow  of  its 

cutting  through 
any  thickness  of 
bone.  The  back 
is  raised  after  the 
blade  has  made  for  itself  a  deep  groove  in  the  bone. 

NEW  SINGLE-HANDED  CHAIN  SAW-FRAME,  exhibited  by  M. 
Mathieu. — This  saw-frame  (Fig.  743)  may  be  adapted  to  all  chain 

saws.  By 

Fis-  743.  means  of 

stops  the 
length  of 
the  saw 
can  be  va¬ 
ried.  The 
advantages 
which  are 
claimed  for 

such  a  saw  are,  that  in  excision  of  the  large  joints,  where  large 
vessels  are  almost  in  contiguity  with  the  bones,  the  chain  saw  can 
be  threaded  as  it  were  between  the  bones  and  the  vessels,  and  all 
chance  of  wounding  the  latter  avoided.  The  frame,  which  is  the 
only  novel  part  of  the  saw,  allows  the  operator  to  saw  with  one 
hand,  while  he  steadies  the  parts  with  the  other. 

ORTHOPEDIC  INSTRUMENTS. — Very  considerable  progress  has 
been  made  since  the  last  Exhibition  in  this  special  department  of 
the  surgical  mechanician.  In  the  English  quarter  of  the  Exhibition 
the  case  of  Mr.  Bigg  of  Leicester  Square  stands  prominently  forward, 
and  has  justly  drawn  the  attention  and  admiration  of  all  interested 
in  this  branch  of  surgery.  He  has  exhibited  in  one  case  every 
variety  of  orthopedic  appliance  which  he  is  required  to  manufacture. 
They  are  all  made  to  a  uniform  scale,  and  are  adapted  for  a  child 
of  four  years  old,  and  are  placed  in  the  order  they  stand  in  relation 
to  the  regional  anatomy  of  the  human  body.  Deformities  and  con¬ 
tractions  of  the  head  and  neck,  spine,  and 
upper  extremities,  pelvis,  and  lower  ex¬ 
tremities,  are  all  provided  for  with  in¬ 
struments  which  rival  each  other  in  in¬ 
genuity  and  excellence  of  make.  Space 
will  only  allow  of  a  short  notice  of  his 
instrument  for  the  relief  of  lateral  cur¬ 
vature  of  the  spine.  By  means  of  the 
one  shown  in  Fig.  744,  the  arcs  of  the 
curve  are  acted  upon  by  two  padded 
plates,  furnished  with  ratchet  axes,  and 
placed  so  as  to  correspond  with  the 
centres  of  the  dorsal  and  lumbar  curva¬ 
tures.  The  instrument  consists  of  two 
crutches,  a  pelvic  band,  a  vertebral  stem, 
and  two  lateral  levers.  The  crutches 
relieve  the  deformed  spine  from  the 
superincumbent  weight  of  the  head  and 
shoulders  ;  the  pelvic  band  affords  a  firm 
mechanical  base  upon  which  to  act ;  the  vertebral  stem  represents 
the  spine,  and  the  lateral  levers  act  against  the  padded  plates ;  and 
as  these  move  in  antagonistic  directions,  the  spinal  curve  is  gradually 
relieved. 

Messrs.  Ferguson,  Whicker,  &  Blaise,  Spratt,  and  Ernst,  exhibit 
many  ingenious  contrivances  for  this  special  department  of  surgery, 


Fig.  744. 


Orthopaedic  Instruments. 


but  want  of  space  prevents  a  further  account  of  orthopaedic  instru¬ 
ments. 

SPLINTS. — The  splint  now  commonly  used  for  excision  of  the 
knee,  is  the  one  seen  in  the  adjoining  engraving  (Fig.  745).  It  is  a 
modification  of  the  ordinary  M'Intyre,  hollowed  out  beneath  the 
knee  to  allow  of  freedom  in  applying  and  removing  the  dressings. 


Fig.  745. 


Splint  for  Excision  of  the  lvnce. 


The  sliding  plate  at  the  lower  third  of  the  splint  permits  of  a 
space  being  left  between  it  and  the  foot-board,  so  that  even  when 
the  splint  is  padded,  there  is  no  pressure  on  the  heel,  a  part  which 
soon  suffers  and  causes  great  pain  to  the  patient,  unless  due  pre¬ 
cautions  are  taken  by  the  surgeon.  A  long  side  splint  hooked  on  to 
the  side  of  the  MTntyre,  and  extending  a  little  above  the  ilium  of 
the  patient,  and  maintained  in  its  place  by  a  waist  and  perineal 
band,  steadies  the  whole,  and  keeps  the  leg  in  a  line  with  the  body, 
and  maintains  it  in  a  state  of  perfect  rest.  The  interruption  in  the 
splint  is  for  the  facility  of  dressings.  As  there  is  a  tendency  for 
the  femur  after  excision  of  the  knee  to  tilt  upwards  and  outwards, 
it  is  generally  advisable  to  add  in  addition,  a  small  well  and  firmly 
padded  splint  to  the  anterior  surface  of  the  thigh. 

SPLINT  FOR  EXCISION  OF  THE  ELBOW  JOINT,  by  Mr.  Chris¬ 
topher  Heath,  assistant-surgeon  to  the  Westminster  Hospital. — It 
consists  of  four  iron  plates  (Fig.  746)  which  should  be  well  padded, 

Fig.  746. 


Splint  for  Excision  of  Elbow. 


having  projecting  pieces  which  are  each  perforated  by  a  female  screw. 
Two  iron  rods  with  hinges  in  their  centres,  and  a  male  screw  at 
at  each  extremity,  work  in  the  projecting  eyes ;  and  the  screws  at 
the  two  ends  being  cut  in  opposite  directions,  the  hinge  necessarily 
remains  central,  while  the  plates  may  be  separated  to  any  extent 
by  turning  the  rods. 

Before  applying  the  splint  the  arm  should  be  bandaged  above  and 
below  the  wound,  and  the  plates  being  firmly  attached  by  means 
of  straps  and  buckles ;  by  turning  the  side  rods,  the  extremities 
of  the  bones  are  separated  to  the  required  distance,  while,  by  means 
of  the  hinges  in  the  centre,  motion  can  be  made  with  the  greatest 
facility. 

SPLINT  FOR  EXCISION  AND  OTHER  DISEASES  OF  THE 
ELBOW  JOINT,  by  Francis  Mason,  assistant -surgeon  to  King’s 
College  Hospital,  exhibited  by  Mr.  Matthew  of  Portugal  Street. 
The  object  of  this  splint  is  to  combine  the  movements  of  flexion  and 
extension,  rotation,  and  supination,  besides  having  an  arrangement 
whereby  the  ends  of  the  resected  bones  may  be  separated.  It  is 
especially  intended  for  cases  of  excision  of  the  elbow  joint,  but  it 
may  be  made  available  for  other  diseases  of  that  articulation. 

The  accompanying  engraving  (Fig.  747)  representing  the  back  of 
the  splint,  illustrates  the  movements  before  alluded  to.  It  consists  of 
a  piece  for  the  upper  arm,  and  one  for  the  fore-arm,  united  at  the 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


i 


561 


elbow  joint,  and  allowing  of  flexion  and  extension.  Extension  of  the 
fore-arm  on  the  upper  arm  may  be  carried  to  a  straight  line,  as  shown 
by  the  dotted  lines,  d.  Any  position  may  be  maintained  by  turning 
the  fly-screw  below  the  letter  e,  in  the 
figure.  Flexion  may  be  carried  to  an  Fig.  747. 

angle  of  45°  (dotted  line,  c),  the  splint 
having  been  purposely  cut  away  to 
permit  increased  range  of  motion  in 
this  direction. 

The  fore-arm  splint  consists  of  a 
rod,  e,  fixed  to  the  upper  splint,  and 
fitting  into  a  tube,  /,  attached  to  the 
lower  splint.  This  allows  of  prona¬ 


tion  and  supination  to  any  extent,  as  indicated  by  the  dotted  lines, 
b.  The  splint  can  be  fixed  in  any  required  position  by  the  fly-screw 
above  the  letter  e  in  the  engraving,  the  point  of  which,  traversing 
the  tube,  impinges  on  the  contained  rod.  The  fore-arm  splint  may 
be  moved  in  the  direction  a ,  thus  permitting  the  separation  of  the 
ends  of  the  bones. 

NEW  APPARATUS  FOR  THE  REDUCTION  OF  DISLOCATIONS, 

invented  by  Dr.  F.  R.  Cruise  of  Dublin.— This  apparatus  consists  of 
a  windlass  in  which  an  endless  screw  is  the  means  by  which  power  is 

Fig.  748. 


Dr.  Cruise’s  Apparatus  for  the  Reduction  of  Dislocations. 

obtained.  Reference  to  the  accompanying  engraving  (Fig.  748)  will 
render  the  construction  clear.  The  cogged  wheel,  a,  has  a  strong 
spindle  passing  through  it.  This  spindle  carries  a  drum  to  which  is 
attached  one  end  of  a  leather  strap,  b,  three  feet  in  length,  while  the 
other  extremity  of  the  strap  carries  a  hook,  d.  In  use,  the  strap 
is  first  drawn  out  to  its  full  length  ;  the  machine  is  then  secured  to 
some  fixed  point  (for  example,  a  staple  in  the  wall  or  floor)  by 
means  of  the  hook,  c,  while  the  hook,  d ,  is  engaged  in  the  straps, 
clove-hitch,  or  other  appliance  attached  to  the  limb.  Extension  is 
now  made  by  turning  the  cross-handle,  e,  which  works  an  endless 
screw,  /,  fitted  to  the  teeth  of  the  wheel,  a,  and  by  rotating,  a, 
and  therefore  the  drum  attached  to  its  spindle,  draws  up  the  strap, 
b,  whose  coils  are  visible  through  the  apertures  in  a. 

The  power  of  this  instrument  is  very  great,  for  the  operator  using 
but  a  single  hand  may  without  extraordinary  effort  apply  a  force  of 
three  hundredweight.  To  prevent  the  inconvenience  and  delay 
which  might  arise  in  practice  if  the  length  of  the  strap,  b,  were  to 
be  adjusted  to  the  requirements  of  any  particular  case,  by  so  tedious 


Dr.  Cruise’s  Instrument. 


a  process  as  turning  the  handle,  e,  the  inventor  has  added  a 
simple  and  efficient  contrivance  : — The  screw,  /,  plays  in  journals, 
ff,  which  are  mounted  on  a  shifting  stage,  whose  position  is  deter¬ 
mined  by  that  of  the  eccentric,  h,  which  latter  is  movable  by  means 
of  the  small  handle,  k.  So  long  as  the  parts  of  the  machine  are 
situated  as  represented  in  the  woodcut,  the  screw  works  the  cogged 
wheel,  and  the  eccentric  being  at  what  is  technically  termed  its 
“  dead  point,”  cannot  be  influenced  by  any  pressure  on  the  instru¬ 
ment.  But,  if  the  position  of  k  be  reversed,  then  the  eccentric,  h, 
in  its  half  revolution  forces  the  shifting  stage  to  the  right ;  the  screw 
is  thrown  out  of  gear  with  the  wheel,  a,  and  the  latter  being  set 
at  liberty,  the  strap  may  be  wound  up  or  drawn  out  at  pleasure.  So 
soon  as  forcible  extension  is  to  be  commenced,  the  handle,  k,  must 
be  restored  to  the  position  it  occupies  in  the  woodcut,  and  the  end¬ 
less  screw  is  again  in  gear  with  the  wheel,  a. 

To  the  extending  apparatus  just  described  Dr.  Cruise  adds  an 
instrument  for  instantaneously  letting  go  the  extension,  a  proceed¬ 
ing  which  is  often  required.  The  adjoining  engraving  (Fig.  749) 
explains  the  mode  adopted.  The  instrument  is  represented  closed, 
and  the  dotted 

lines  illustrate  Fis‘  749' 

the  mode  in 
which  it  opens 
and  liberates 
the  cord  en¬ 
gaged  in  it  as 
soon  as  the 
trigger,  m,  is 
pressed  down. 

On  a  little  reflection  it  will  be  perceived,  that  once  closed  do 
amount  of  force  ever  resorted  to  could  drag  it  open  ;  yet,  the  sur¬ 
faces  which  are  opposed  to  each  other  in  supporting  the  traction 
being  ext  eedingly  limited  and  made  of  polished  steel ,  may  be  dis¬ 
engaged  from  each  other,  and  the  extension  arrested  as  quick  as 
thought  by  the  slightest  touch  of  the  trigger. 

SALTER’S  SWING  CRADLE.— Although  this  cradle  (Fig.  750)  is 
not  new,  still  it  is  not  known  so  well  as  its  excellence  deserves, 
and  as  no  appli¬ 
ance  has  contri-  Fl°-  75°- 

buted  so  much 
to  the  relief  of 
patients  suffer¬ 
ing  from  frac¬ 
tures  as  this 
cradle,  we  can¬ 
not  forbear  giv¬ 
ing  it  as  much 
publicity  as  pos¬ 
sible.  It  was 
first  made  by 
Mr.  Matthews 
at  the  sugges¬ 
tion  of  Mr.  Jas. 

Salter,  and  was 
i  m  m  ediately 

brought  extensively  into  use  at  King’s  College  Hospital  for  all  severe 
and  compound  fractures  of  the  leg.  Its  object  is  to  swing  the  broken 
limb,  so  as  to  prevent  it  from  feeling  the  jars  and  shakings  of  the 
bed,  which  often  cause  so  much  annoyance  and  pain  to  the  patient, 
and  at  the  same  time  to  allow  of  his  being  moved  or  raised  in  bed 
for  the  bed-pan  or  other  purpose,  without  disturbing  the  fracture. 
The  outside  frame  protects  the  bed-clothcs  from  falling  on  the  part, 
and  the  cradle  in  which  the  limb  is  placed  allows  it  to  swing  easily, 
and  if  the  patient  has  to  be  shifted,  the  cradle,  by  means  of  the 
wheels  from  which  it  is  suspended,  moves  with  the  leg  along  the 

4  p. 


Salter’s  Swing  Cradle. 
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steel  bar  which  runs  the  length  of  the  frame.  Such  comfort  is  it 
known  to  afford  to  all  who  are  suffering  from  injuries  of  the  leg, 
that  one  has  been  sent  to  the  wounded  patriot,  Garibaldi,  who  will 
probably  experience  from  it,  the  same  relief  which  it  lias  afforded 
to  so  many  others. 

Mr.  Bigg  exhibits  an  artificial  leg  invented  by  Dr.  Bly  of  America, 
which  would  almost  make  one  believe  that  it  formed  so  good  a  sub¬ 
stitute  for  the  original  limb,  that  beyond  the  expense  which  such  a 
leg  must  necessarily  cost,  the  patient  would  have  no  reason  to  com¬ 
plain.  Flexion,  extension,  and  rotation  in  the  ankle-joint  are  all 
provided  for ;  and  we  are  assured  that,  however  uneven  the  ground 
on  which  the  patient  walks,  the  artificial  foot  accommodates  itself. 
It  is  deserving  the  attention  of  all  who  have  had  the  misfortune  to 
lose  a  leg. 

Mr.  Masters  exhibits  a  number  of  artificial  limbs  which  are 
unsurpassed  for  the  ingenuity  displayed  in  their  contrivance.  He 
has  one  for  cases  of  amputation  below  the  knee,  which  weighs  only 
2  lbs.  7  ounces,  but  is  nevertheless  capable  of  supporting  the  weight 
of  an  adult  man.  It  is  furnished  with  a  knee  spring  and  flexible 
toe ;  the  former,  when  the  knee  is  bent  at  an  angle  of  about  20°, 
elevates  the  ball  of  the  great  toe,  and  frees  the  foot  from  the  ground 
when  it  is  advanced  in  walking.  He  shows  also  an  artificial  arm 
for  cases  of  amputation  above  the  elbow  joint.  It  has  a  jointed 
spring  wrist  plate,  the  spring  of  which  is  always  flush  with  the  out¬ 
line  of  the  arm,  and  by  means  of  which  spring  the  hand  can  be 

easily  detached  from  the 
arm,  and  any  other  in¬ 
strument  inserted.  The 
elbow  joint  is  very  light, 
and  the  stopwork  con¬ 
nected  with  it  allows  the 
wearer  to  lock  it  at  any 
angle  he  chooses,  and 
this  can  be  done  easily 
even  when  the  coat  is 
on. 

Mr.  Grossmith  and 
Mr.  Pratt  show  artificial 
legs  and  arms,  which 
are  worthy  a  careful 
examination. 

Messrs.  Savory  of 
New  Bond  Street  have 
exhibited  a  large  col- 
Ariny  Medicine  Chest.  lection  of  medicine 

chests,  from  the  large 

regimental  medicine  chest  to  the  small  case  for  private  use. 

The  illustrations  (Figs.  751,  752,  753)  show  the  way  the  army  is 


Fig. 751. 


provided,  both  in  the  barracks  and  in  the  field,  with  medicines, 
appliances,  and  instruments. 

The  large  army  detachment  medicine  chest  (Fig.  751)  is  a  strong 
box  containing  a  larger  and  more  complete  assortment  of  drugs 
than  would  be  found  in  most  ordinary  surgeries.  The  drugs  are 
above  a  hundred  in 

number,  and  com-  Fig.  752. 

prise  every  article 
likely  to  be  required 
in  a  campaign.  This 
military  chest  is  so 
constructed  that  by 
merely  opening  the 
lid,  a  dispensing 
counter  of  conve¬ 
nient  height  is  at 
Once  formed  (Fig.  Panniers  arranged  to  form  an  Operating  Table. 

752)  ;  and  without 

shifting  his  position  the  dispenser  will  find  everything  at  hand,  the 
whole  being  so  arranged  that  no  one  article  has  to  be  displaced  to 
gain  access  to  another.  The  detachment  medicine  chest  is  always 
with  the  regiment,  or  where  the  regimental  hospital  is,  if  there  is  a 
fixed  camp.  On  a  march,  or  in  an  engagement,  the  panniers  are 
brought  into  use.  They  are 
two  in  number  and  are  car¬ 
ried  by  a  mule  (Fig.  753), 
one  on  each  side  of  the  pack 
saddle.  One  pannier  con¬ 
tains  all  the  drugs  and  the 
medical  and  surgical  appli¬ 
ances  necessary  for  any 
emergency,  and  these  are  so 
arranged  that  instant  access 
can  be  had  to  them ;  also 
medical  comforts  for  the  sick 
and  wounded,  such  as  brandy, 
concentrated  beef  tea,  arrow- 
root,  &c.,  and  a  lamp  with 
a  reflector,  capable  of  being 
used  for  warming  small  quan¬ 
tities  of  food,  &c.  In  the 
other  pannier  is  a  case  of 
surgical  instruments,  twenty  Medicine,  Appliances,  &c.,  in  Panniers, 
tourniquets,  fifty  bandages, 

plaisters,  sheeting,  splints,  &c.  The  two  panniers  are  so  made 
that  they  form  a  very  good  and  firm  operating  table,  by  placing 
them  on  the  ground,  throwing  open  their  lids,  and  securing  them  in 
the  required  position  (Fig.  752). 


L_ 


1— APPLICATION  OF  PHOTOGRAPHY  TO  GEODESY. 

By  Sir  Henry  James,  R.E.,  F.R.S., 

Director  of  the  Ordnance  Survey  of  the  United  Kingdom. 

purposes  to  which  photography  lias 
been  applied,  there  is  not  one  from 
which  greater  practical  results  have 
been  obtained  than  from  its  applica¬ 
tion  to  geodesy  or  cartography.  This 
application  of  the  art  was  first  made 
by  the  present  Director  of  the  Ordnance 
Survey,  and  in  his  report  to  Parliament 
on  the  progress  of  the  Ordnance  Survey, 
in  the  year  1855-56,  several  beautiful 
specimens  of  maps  and  plans  reduced 
by  photography  from  MS.  plans  on  a 
large  scale  are  given.  Copies  of  this  report  were  circulated  through¬ 
out  the  world ;  and  there  is  now  no  topographical  establishment  in 
which  photography  is  not  applied  to  the  same  purpose. 

After  a  long  controversy  as  to  what  were  the  proper  scales  for  the 
National,  or,  as  it  is  generally  called,  the  Ordnance  Survey,  the 
following  were  adopted,  and  the  plans  of  the  four  northern  counties 
of  England  and  of  several  counties  in  Scotland  have  been  drawn 
upon  them,  viz.  : — 

For  Tovms,  the  l-500th  of  the  linear  measure  of  the  ground, 
which  is  equal  to  126‘72  inches  to  a  mile,  or  41 '66 
feet  to  1  inch. 

For  Parishes  (in  cultivated  districts),  the  l-2500th  or  25'344 
inches  to  a  mile,  or  1  square  inch  to  1  acre. 

For  Counties,  the  scale  of  6  inches  to  1  mile. 

For  the  Kingdom,  the  scale  of  1  inch  to  1  mile. 

To  produce  this  series  of  plans  it  is  necessary  to  reduce  those 
which  are  first  drawn  on  the  large  scales  to  the  smaller  scales, 
and  to  do  this  with  the  pentagraph  or  any  other  method  for¬ 
merly  employed,  would,  in  the  conduct  of  a  work  of  the  magni¬ 
tude  of  the  Ordnance  Survey,  have  been  an  exceedingly  tedious 
and  expensive  process ;  and,  from  the  amount  of  room  required 
for  the  tables,  on  which  the  pentagraphs  would  have  to  be  used, 
would  have  required  a  large  addition  to  the  buildings  of  the  estab¬ 
lishment. 

The  director  of  the  survey,  therefore,  had  some  experiments 
made  in  1855  to  test  the  power  of  photography  for  producing 
accurate  reductions  of  the  plans  ;  and  having  satisfied  himself  that 
it  was  applicable  to  the  purpose,  he  had  some  of  the  sappers  under 
his  command  instructed  in  the  art,  and  since  then  all  the  plans  have 
been  reduced  by  this  process. 

In  1858  the  accuracy  of  the  plans  reduced  by  photography  was 


questioned  in  the  House  of  Commons,  and  a  committee,  of  which 
Sir  Roderick  I.  Murchison  was  chairman,  was  appointed  to  report 
upon  the  subject.  In  the  report  of  this  committee  it  is  stated,  “  that 
the  greatest  deviation  in  any  part  of  the  plans  from  perfect  accuracy 
does  not  amount  to  the  l-400th  part  of  an  inch  in  the  angle  of  the 
rectangle  ;  and  even  this  minute  error  is  not  commutative.”  This 
was  conclusive  as  to  the  accuracy  of  the  plans ;  but  the  report  pro¬ 
ceeds  to  state  that  the  annual  saving  effected  by  the  introduction  of 
photography  amounted  to  upwards  of  £1600  a-year ;  it  is  now 
upwards  of  £2000  a-year,  and  will  save  not  less  than  £40,000  in 
the  course  of  the  survey. 

The  methods  employed  to  produce  the  reduced  plans  may  now 
be  described. 

A  rectangle  of  the  desired  size  of  the  reduced  plan  is  drawn  on 
the  “  focussing  glass ;  ”  as  for  example,  a  rectangle  9  inches  by  6 
inches  for  a  MS.  plan  drawn  on  a  sheet  of  paper,  the  margin  lines 
of  which  are  3  feet  by  2  feet,  the  camera  being  adjusted  with  the 
lens  exactly  opposite  the  centre  of  the  MS.  plan,  and  with  the 
focussing  glass  parallel  to  the  plan,  and  at  such  a  distance  from  it 
that  the  rectangle  of  the  marginal  lines  appear  to  be  exactly  covered 
by  the  lines  drawn  on  the  focussing  glass. 

The  ordinary  wet  collodion  process  on  glass  is  that  which  is  used 
to  obtain  the  negative ;  and  as  when  the  focussing  glass  is  removed, 
the  plate  of  glass  coated  with  collodion  occupies  exactly  the  same 
position,  the  negative  is  necessarily  of  the  exact  size  required.  But 
as  the  object  is  to  produce  a  negative  with  the  lines  as  sharp  as 
possible,  the  dark  parts  of  the  negative  are  intensified  by  placing 
the  negative  in  a  shallow  vessel  containing  corrosive  sublimate 
(bichloride  of  mercury),  from  which,  as  soon  as  the  surface  becomes 
white,  it  is  removed,  and  a  dilute  solution  of  hydrosulphate  of 
ammonium  poured  over  it.  This  changes  the  colour  to  nearly  an 
opaque  black,  after  which  the  negative  is  washed,  dried,  and  var¬ 
nished. 

The  prints  obtained  from  negatives  so  prepared  are  exquisitely 
beautiful,  and  more  perfect  than  the  most  accomplished  draftsman 
could  draw  them,  even  after  weeks  and  in  some  cases  after  months 
of  labour.  Here  it  is  that  the  great  and  singular  advantage  of 
using  photography  is  strikingly  exhibited ;  for,  as  the  scale  of  the 
MS.  plans  is  so  large  as  to  admit  of  the  use  of  stamps  for  inserting 
the  names,  figures,  trees,  &c.,  these  MS.  plans  are  produced  by  an 
inferior  class  of  draughtsmen  and  at  little  cost,  whilst  the  reduced 
photograph  gives  us  a  beautifully  drawn  plan  at  an  extra  cost  of 
about  one  shilling  only,  and  we  have  the  plans  on  the  two  scales, 
or  on  three  or  four  scales,  and  at  a  cost  which  does  not  exceed 
the  cost  of  producing  a  plan  on  the  small  scale  only.  It  is  impos¬ 
sible  to  overestimate  the  importance  of  the  aid  which  photography 
affords,  in  rapidly  and  economically  producing  reduced  copies  of  the 
plans  required  for  national  surveys;  upwards  of  100,000  maps  are 
annually  sold  of  the  Ordnance  Survey,  and  it  would  almost  have 
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been  physically  impossible  to  have  produced  the  required  series 
without  its  aid. 

Having  obtained  an  accurate  reduction  of  a  plan  as  a  silver  print, 
it  then  became  necessary  to  trace  it  by  hand  with  an  ink  composed 
of  lamp  black  and  gum  and  water,  to  transfer  it  to  the  waxed  surface 
of  a  copper  plate  for  engraving,  or  in  lithographic  ink  for  printing 
from  zinc  or  stone. 

To  avoid  the  labour  of  this,  the  chromo-carbon  process  was  had 
recourse  to,  and  the  specimens  which  have  been  exhibited  prove  the 
high  perfection  to  which  the  art  has  attained  either  for  photo¬ 
zincography  or  photo-lithography. 

The  property  of  the  bichromate  of  potash  in  solution  with  gum 
or  gelatine  to  become  insoluble  under  the  action  of  light,  is  the  basis 
upon  which  the  art  depends.  The  process  is  both  simple  and 
inexpensive — 

2J  oz.  of  the  bichromate  of  potash  arc  dissolved  in 
10  oz.  of  hot  water,  and  this  solution  is  mixed  with 

3  oz.  of  the  finest  gelatine  dissolved  in 

4  oz.  of  hot  water. 


copies  of  all  documents  of  which  one  or  two  copies  only  are 
required. 

By  this  process  the  copy  is  obtained  by  printing  directly  from  the 
chromo-carbon  print,  thus  avoiding  the  necessity  of  the  transfer  of 
the  print,  to  zinc  or  stone  before  printing.  To  do  this  it  is  only 
necessary  to  place  the  sensitive  plate  in  the  camera,  with  the  col¬ 
lodion  film  outwards,  instead  of  inwards,  as  is  usual.  The  writing 
on  the  chromo-carbon  print  obtained  from  this  plate  is  reversed,  and 
it  is  only  necessary  to  pass  the  print  through  the  press  to  obtain  a 
fac  simile  of  the  original  MS.  either  on  paper  or  vellum. 

The  following  specimens  are  in  the  International  Exhibition : — 


PjHOTO-ZINCOGRAPHS — •  No. 

Reduced  plan  of  Edinburgh,  .  .  .  .  .72 

Print  of  Hogarth’s,  ......  G9 

Two  engravings  of  panels  in  the  Vatican,  .  .77 

Page  of  Horace,  .  .  .  .  ...  .73 

Two  pages  of  Domesday,  .  .  .  .  .74 

Portrait  and  page  of  Sliakspeare,  edition  1C23,  .  75 

PuOTO-LITIIOGRAPJlS — 

Two  vases,  .  .  .  .  .  .  .  .70 


This  mixture  is  poured  into  a  flat  dish  and  kept  at  a  temperature 
of  about  100°  by  placing  the  dish  in  another  filled  with  hot  water. 

A  sheet  of  “  bank  post”  paper  is  then  floated  on  the  mixture, 
taking  care  by  raising  one  end  of  it,  and  then  gradually  lowering  it, 
that  the  paper  is  in  perfect  contact  with  the  fluid.  After  drying  the 
paper  this  operation  should  be  repeated,  in  order  to  insure  a  perfect 
and  even  coating.  After  being  again  dried  the  paper  should  be 
passed  through  the  press  on  a  hot  steel  plate,  to  produce  a  perfectly 
smooth  and  even  surface. 

The  paper  so  prepared  is  then  placed  in  a  printing  frame  under 
the  negative,  and  exposed  to  light  for  one  or  two  minutes,  or  until 
the  margin  of  the  paper  round  the  glass  of  the  negative  assumes  a 
dark  brown  tint. 

In  the  preparation  of  the  paper,  and  in  every  after  process,  great 
care  must  be  taken  not  to  expose  it  to  the  light,  as  the  composition 
is  so  sensitive  that  the  whole  surface  would  thereby  be  rendered 
insoluble  and  intractable. 

The  paper  is  then  coated  with  ink  by  passing  it  two  or  three 
times  through  the  press  on  a  zinc  plate  or  stone  charged  with  litho¬ 
graphic  ink.  The  whole  surface  of  the  paper  having  been  thus 
covered  with  ink,  the  next  step  is  to  float  it  in  a  shallow  dish  of 
warm  water  with  the  ink  upwards.  After  one  or  two  minutes  the 
water  permeates  the  paper,  and  dissolves  the  composition  which 
has  not  been  acted  upon  by  the  light  through  the  design  on  the 
negative,  and  it  is  then  laid  in  an  empty  flat  dish  and  washed  and 
rubbed  with  a  sponge  to  remove  the  soluble  portion  and  the  ink 
attached  to  it.  After  this  first  partial  washing,  the  print  should  be 
replaced  for  one  or  two  minutes  in  the  warm  water  with  the  design 
downwards,  still  further  to  dissolve  the  composition,  when  it  is  again 
washed  with  the  sponge  till  the  design  appears  perfectly  clear  and 
distinct.  It  should  then  be  well  washed  with  warm  water,  and 
afterwards  dried. 

The  print  so  prepared  is  ready  for  transfer  to  a  zinc  plate,  or  to 
a  lithographic  stone. 

A  grained  surface  is  given  to  the  zinc  plate  by  means  of  a  fine 
“  muller  ”  and  fine  sand  and  water,  and  upon  this  surface  the  print 
is  laid,  and  passed  through  the  press  once  or  twice.  The  paper  is 
then  damped  with  a  sponge  and  removed  from  the  plate,  leaving  the 
ink  on  it.  The  plate  is  then  etched  as  for  ordinary  zincography, 
and  1500  impressions  may  be  taken  from  the  plate  without  its  being 
sensibly  deteriorated.  If  transferred  to  stone,  the  ordinary  litho¬ 
graphic  process  is  employed. 

PH0T0-PAPYR0GRAPHY. — This  art  is  one  of  great  value,  and  at 
no  distant  time  will  be  very  generally  applied  to  the  production  of 
authentic  copies  of  deeds,  or  other  law  documents,  for  record,  and  of 


PlIOTO-PAPYROGRAPHY — 

Copy  of  a  note,  . . 73 


2-PHOTOGRAPHY  AND  PHOTOGRAPHIC 
APPARATUS. 

By  Dr.  Diamond,  Secretary  of  the  Photographic  Society,  and  Editor 
of  the  Photographic  Journal. 

N  the  display  of  the  world’s  industry 
which  has  just  been  closed,  photo¬ 
graphy  has,  for  the  first  time  since 
its  introduction,  received  definite 
recognition  as  a  separate  art  worthy 
of  distinct  classification.  Its  position 
has  for  some  time  been  an  anomalous 
one.  Dependent  on  the  one  hand  for 
its  results  on  a  careful  observation  of 
scientific  laws,  on  the  precise  applica¬ 
tion  of  chemical  formula,  and  on  the 
right  use  of  apparatus,  it  has  appeared  to  rank  properly  with  the 
skilled  industrial  arts ;  dependant  on  the  other  hand  for  successful 
pictorial  results  on  the  photographer’s  knowledge  of  the  laws  of 
pictorial  art,  and  being  capable  of  giving  embodiment  by  its  right 
application  to  the  ai list’s  conceptions,  as  well  as  to  produce  a  literal 
transcript  of  whatever  is  placed  before  the  lens,  it  seems  to  claim 
kindred  in  some  way  with  the  graphic  forms  of  the  fine  arts.  It  is 
unnecessary  here  to  attempt  to  define  its  true  position,  or  recapitu¬ 
late  the  arguments  which  bear  on  either  side  of  the  question.  The 
allusion  we  have  made  simply  bears  reference  to  its  classification  in 
the  International  Exhibition  of  1862.  In  the  first  great  Exhibition 
of  1851  photographs  were  not  unnaturally  classed  with  the  apparatus 
by  which  they  were  produced,  and  were  grouped  with  philosophical 
instruments.  In  the  next  great  Exhibition,  held  in  Paris  in  1855, 
they  took  place  with  printing  and  applied  design.  The  rapid  strides 
with  which  the  art  has  during  the  last  few  years  progressed,  and 
the  multiplicity  and  individuality  of  its  applications,  have  claimed 
for  it  in  the  last  great  Exhibition  a  distinct  classification,  and  recog¬ 
nition  as  an  independent  art. 

In  noticing  the  products  of  an  art  of  such  recent  birth,  it  may 
be  desirable  to  adopt  a  course  unnecessary  in  these  pages  in  refer¬ 
ence  to  industries  which  have  grown  during  many  centuries. 
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Photography,  although  comparatively  the  discovery  of  yesterday, 
has  already  established  itself  as  the  indispensable  adjunct  of  many 
other  arts  and  sciences.  Independent  of  the  extent  to  which  it  has 
already  superseded  the  arts  of  the  limner,  the  draughtsman,  and 
engraver,  it  has  of  late  years  become  the  unerring  recorder  of  scien¬ 
tific  observation,  and  is  the  most  trustworthy  registrar  of  the  results 
of  magnetic,  meteorological,  and  astronomical  investigation.  A 
notice  of  its  present  position  would  be  incomplete  without  a  brief 
record  of  its  origin  and  progress. 

If  in  reference  to  any  art  or  science  the  old  apothegm  that  “  there 
is  nothing  new  under  the  sun”  could  be  controverted,  it  would  cer¬ 
tainly  appear  at  first  sight  that  it  could  be  in  reference  to  photo¬ 
graphy  ;  that  in  chronicling  its  discovery  and  history  we  should 
indeed  be  relating  the  story  of  a  new  invention,  recording  the  birth 
of  a  new  art.  To  a  certain  extent,  however,  the  proverb  here,  as 
elsewhere,  holds  good.  The  alchemists  of  old,  from  an  indefinable 
period,  it  would  appear,  were  familiar  with  the  properties  of  chloride 
of  silver,  then  known  as  horn  silver,  which  blackened  when  exposed 
to  the  rays  of  the  sun ;  and  it  is  possible  that  had  they  not  been 
blinded  to  everything  else  by  their  all-absorbing  pursuit  of  such 
chimeras  as  the  philosopher’s  stone  and  the  elixir  of  life,  all  the 
wonderful  possibilities  which  these  properties  of  horn  silver  sug¬ 
gested  might  have  dawned  on  their  minds,  and  the  production  of 
sun  pictures  might  three  centuries  ago  have  been  accomplished. 
Again,  it  has  been  stated  that  the  jugglers  of  India  were  ages  ago 
in  possession  of  a  method  of  producing  in  their  magic  mirrors  fleet¬ 
ing  and  evanescent  portraits  of  the  gazers;  and  it  has  been  suggested 
that  it  is  not  impossible,  nor  even  improbable,  that  some  form  of 
photography  was  the  magic  employed.  Whatever  of  truth  these 
earlier  traditions  and  allusions  may  possess,  it  is  tolerably  certain 
that  photography,  as  an  art,  belongs  entirely  to  our  day — is  the 
offspring  of  the  present  half  century. 

Without  attempting  to  trace  definitely  all  the  minute  discoveries 
which  subsequently  bear  on  the  art,  we  do  not  find  that  they  took 
a  definite  form  before  the  experiments  of  Sir  Humphrey  Davy  in 
1802,  related  in  the  Journal  of  the  Royal  Institution  as  “  An 
Account  of  a  Method  of  Copying  Paintings  upon  Glass,  and  of  Mak¬ 
ing  Profiles  by  the  Agency  of  Light  upon  Nitrate  of  Silver.”  Davy 
conducted  his  experiments,  in  conjunction  with  Mr.  Thomas  Wedg¬ 
wood,  with  some  success ;  but  for  want  of  a  means  of  rendering 
permanent  the  images  secured,  their  labours  failed  in  producing 
satisfactory  results.  The  same  power  which  produced  the  images 
destroyed  them,  and,  for  the  time  at  least,  there  seemed  to  be  an  end 
to  all  practical  purposes  of  the  discovery.  The  next  step  in  the 
art  is  altogether  in  a  different  direction,  and  cannot  in  any  sense  be 
regarded  as  a  continuation  of  former  discoveries.  M.  Niepce,  a 
French  gentleman,  endeavoured,  like  Wedgwood  and  Davy,  to 
imprint  by  means  of  the  sun  the  beautiful  but  transient  images  of 
the  camera  obscura,  but  by  means  of  an  entirely  different  agent. 
Silver  formed  no  element  in  his  process.  He  succeeded  not  only 
in  obtaining  an  image,  but  in  fixing  it;  and  to  him,  therefore,  belongs 
the  honour  of  first  discovering  a  method  of  producing  permanent 
pictures  by  the  agency  of  light.  The  medium  on  which  his  pictures 
were  produced  consisted  of  metal  plates  coated  with  some  kind  of 
bitumen,  which,  after  being  for  a  given  time  exposed  to  the  luminous 
image  of  the  camera  obscura,  were  found  to  have  undergone  a 
curious  change.  To  the  eye  they  were  unaltered,  but  when  exposed 
to  the  action  of  a  solvent  of  the  bitumen,  it  was  found  that  those 
parts  exposed  to  the  intensest  action  of  the  light  had  undergone  a 
chemical  change,  and  were  no  longer  soluble  in  the  ordinary  solvents 
of  the  bitumen.  On  the  application  of  such  solvents  the  shaded 
parts  of  the  picture,  those  least  acted  on  by  light,  were  dissolved 
away,  whilst  the  lights  remained  unaltered,  and  by  this  means  the 
picture  was  formed.  This  gentleman’s  experiments  commenced  in 
1814,  and  continued  until  1824,  before  success  crowned  his  efforts. 


At  best,  however,  the  art,  which  he  named  heliography,  produced 
but  imperfect  results,  requiring  from  seven  to  twelve  hours  to  obtain 
an  image,  and  was  chiefly  applicable  to  the  copying  of  engravings. 

In  the  meantime  another  French  gentleman,  a  dioramic  artist 
by  profession,  M.  Daguerre,  was  pursuing  similar  ends;  and  an 
accident  having  introduced  these  two  experimentalists  to  each  other, 
they  entered  into  partnership  to  pursue  the  subject  together.  Be¬ 
fore  further  progress  was  made,  M.  Niepce  died,  however,  in  the 
year  1833,  and  M.  Daguerre  having  entered  into  an  entirely  new 
track  in  the  experiments,  made,  and  in  1839  published,  his  grand 
discovery,  and  that  period  we  may  regard  as  the  birth,  to  all 
practical  purposes,  of  photography.  The  image  which  had  before 
required  hours  to  imprint,  now  was  complete  in  as  many  minutes, 
whilst  the  images  were  wondrous  in  truth  and  beauty.  In  1839 
M.  Daguerre  brought  his  discovery  before  the  French  government, 
who  appointed  a  commission  to  examine  it,  one  of  whom  was 
the  distinguished  savant,  M.  Arago,  who  being  intrusted  with 
the  particulars  of  the  process,  and  having  succeeded  in  producing 
a  picture,  at  once  perceived  the  amazing  importance  of  the  dis¬ 
covery,  and  in  addressing  the  deputies  in  the  chamber  on  the  subject, 
referred  to  the  recent  expedition  to  Egypt,  and  observed  that  “  to 
copy  the  millions  and  millions  of  hieroglyphics  which  entirely  cover 
the  great  monuments  at  Thebes,  Memphis,  Carnac,  &c.,  would 
require  scores  of  years  and  legions  of  artists,  whereas  with  the 
daguerreotype  a  single  man  would  suffice  to  bring  this  vast  labour 
to  a  happy  conclusion.”  The  issue  was,  that  a  pension  of  10,000 
francs  was  awarded,  of  which  6000  were  received  by  M.  Daguerre, 
and  4000  by  the  nephew  of  M.  Niepce ;  and  the  French  government 
then  gave  the  discovery  freely  to  the  world.  The  results  of  the 
process  of  M.  Daguerre  were  in  many  respects  very  beautiful. 
They  possessed  an  amount  of  truth,  accurate  detail,  and  delicacy, 
which  the  world  had  not  before  seen  in  the  most  perfect  pictorial 
delineation ;  but  being  on  a  polished  silver  tablet,  with  a  reflecting 
surface,  almost  like  a  mirror,  they  were  not  easy  to  examine.  They 
did  not  possess  within  themselves,  as  the  modern  productions  of 
the  camera  do,  the  means  of  multiplication  or  reproduction ;  and 
although  for  a  few  years  they  were  almost  the  only  sun  pictures 
produced,  the  process  has  6ince  been  abandoned,  and  the  only 
records  of  its  existence  which  the  recent  International  Exhibition 
presented,  consisted  in  some  very  perfect  daguerreotypes  of  the 
first  Great  Exhibition,  taken  in  1851,  and  exhibited  by  Mr.  Mavall. 

In  the  same  year  in  which  M.  Daguerre  announced  his  discovery 
in  France,  an  English  gentleman,  Mr.  Fox  Talbot  of  Laycock  Abbey, 
communicated  to  the  Royal  Society  his  discovery  of  a  method  of  pro¬ 
ducing  permanent  photogenic  drawings.  He  had  been  engaged  in 
experiments  for  the  end  now  attained  for  several  years  previous  to 
this  announcement.  In  the  year  1841  he  made  further  discoveries, 
resulting  in  the  process  which  was  subsequently  designated  by  his 
name,  the  talbotype.  This  was  the  germ  from  which  sprung  the 
means  of  rapidly  multiplying  impressions  from  one  original,  and 
upon  which  the  processes  now  in  use  were  based,  the  principle 
being  the  same,  although  the  methods  are  widely  different. 

In  1838  Mr.  Mungo  Ponton  published  a  discovery  which  he  had 
made  in  reference  to  the  peculiar  action  of  light  on  paper  prepared 
with  a  solution  of  bichromate  of  potash,  affording  facilities  for  the 
production  of  permanent  sun  pictures.  The  principle  then  discovered 
has  been  the  germ  from  which  have  sprung  almost  all  the  processes 
of  photo-lithography  and  photographic  engraving,  which  promise 
such  important  results  in  an  economic  point  of  view. 

The  rapid  development  of  photography  dates  chiefly  from  the 
period  when  the  collodion  process  was  discovered  by  the  late  Mr. 
Scott  Archer.  This  process  was  published  in  1851,  so  that  practi¬ 
cally  the  photography  of  the  present  day  has  sprung  into  existence, 
and  grown  to  its  present  extent,  between  the  inauguration  of  the 
first  and  the  close  of  the  last  great  Exhibition.  This,  like  the 
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majority  of  photographic  processes,  depends  upon  the  action  of 
light  on  certain  salts  of  silver.  Collodion  or  a  solution  of  pyroxy- 
line  in  ether  and  alcohol,  is  the  vehicle  in  which  to  form  these  salts 
of  silver.  In  the  collodion  is  dissolved  about  one  per  cent,  of  an 
iodide,  such  as  iodide  of  cadmium  or  potassium  :  a  thin  layer  or 
film  of  the  collodion  is  formed  upon  a  plate  of  glass,  which  on  being 
immersed  in  a  solution  of  nitrate  of  silver,  forms  by  double  decom¬ 
position  iodide  of  silver.  The  layer  of  iodide  of  silver  thus  formed 
and  exposed  to  the  luminous  image  of  the  camera,  receives  a  latent 
impression.  No  visible  change  has  taken  place,  but  on  the  appli¬ 
cation  of  a  deoxydizing  agent,  such  as  pyrogallic  acid  or  protosul¬ 
phate  of  iron,  the  latent  image  becomes  developed.  The  image  thus 
obtained  is  termed  a  negative,  and  serves  as  a  matrix  from  which 
may  be  produced  thousands  of  impressions  by  means  of  sun  printing. 

Having  very  hastily  sketched  the  leading  events  in  the  history  of 
photograph}',  we  approach  it  as  an  existing  art,  and  proceed  to 
examine  some  of  its  applications  and  results.  We  have  in  the 
Exhibition  of  1862  abundant  means  of  estimating  the  photography 
of  the  world,  both  in  its  appliances  and  its  productions,  almost  every 
country  represented  at  all  sending  some  examples  of  photography, 
either  directly  as  specimens  of  this  art,  or  as  delineations  of  the 
natural  products  or  illustrations  of  some  branch  of  its  industry. 

APPARATUS. — Giving  precedence  to  apparatus  as  means  pre¬ 
ceding  end,  we  are  struck  with  the  great  progress  in  appliances 
illustrated  in  the  Exhibition.  The  introduction  of  photography 
has  created  an  entirely  new  branch  for  the  labours  of  the  scientific 
optician.  The  photographer  requires  not  simply  an  achromatic 
lens,  but  one  in  which  the  chromatic  correction  is  such  that  the 
actinic  or  chemical  focus  shall  coincide  with  the  visual  focus. 
This  necessary,  but  at  one  time  exceptional  condition,  is  now 
universal  even  in  common  photographic  lenses.  But  other  and 
more  difficult  conditions  are  demanded  as  necessary  for  the  highest 
pictorial  results — images  free  from  distortion ;  good  definition  over 
a  large  and  flat  field  ;  “  depth  of  focus,”  or,  in  other  words,  the 
power  to  define,  sufficiently,  objects  situated  on  different  planes ; 
great  illumination  and  rapidity  of  chemical  action,  &c.,  &c.  These 
are  the  varying  and  opposite  qualities  which  the  optician  must 
combine  in  manufacturing  a  perfect  photographic  lens.  Difficult  to 
obtain  as  these  qualities  may  appear,  they  have  of  late  years  been 
secured,  and  chiefly  by  the  labours  of  English  opticians.  In  this 
country  Mr.  Ross  and  Mr.  Dallmeyer,  and  on  the  continent  Messrs. 
Voightlander  and  some  others,  having  chiefly  contributed  to  the 
perfection  attained. 

Amongst  the  most  interesting  novelties  in  the  optics  of  photo¬ 
graphy,  both  from  its  novelty  of  construction,  perfection  of  delinea¬ 
tion,  and  the  varied  utility  of  its  applications,  is  a  triple  achromatic 
combination  by  Dallmeyer.  It  consists  of  three  distinct  achromatic 
lenses,  in  each  of  which  the  contact  surfaces  are  cemented  so  as  to 
avoid  unnecessary  reflecting  surfaces.  The  front  and  back  lenses 
have  the  meniscus  form,  their  respective  diameters  being  as  2  to  3. 
Between  these  two  is  a  negative  combination  of  the  necessary 
form  and  power  to  correct  the  excentrical  pencils,  and  secure 
flatness  of  field  and  good  marginal  definition.  This  lens  gives 
absolute  freedom  from  distortion,  which  renders  it  of  great  value  for 
architectural  delineations,  as  the  lines  are  given  perfectly  straight 
and  upright.  From  the  same  cause  and  its  flatness  of  field  it  is 
peculiarly  well  suited  for  copying  maps,  mathematical  drawings, 
&c. ;  and  from  the  extent  of  angle  it  embraces  and  defines  well 
with  a  large  aperture,  it  is  especially  valuable  for  pictorial  land¬ 
scape  purposes,  in  which  it  often  happens  with  other  lenses  that 
pictorial  effect  is  lost,  from  the  small  angle  of  view  embraced. 
Another  peculiarity  of  this  lens,  as  evidenced  in  its  productions 
exhibited,  is  the  power  of  delineating  with  sufficient  definition  objects 
spread  over  many  planes  at  different  distances,  such,  for  instance, 
as  the  entire  nave  of  the  Exhibition  from  one  end  to  the  other. 


This  lens,  the  invention  of  which  was  very  properly  rewarded  by  a 
medal,  may  be  regarded  as  typical  of  the  progress  which  has  been 
made  in  the  optical  appliances  of  photography. 

Not  less  remarkable,  if  of  less  wide  range  of  application,  is  the 
panoramic  lens,  the  invention  of  Mr.  Thomas  Sutton  of  Jersey, 
manufactured  and  exhibited  by  Mr.  Ross,  This  lens  consists  of  two 
semi-circular  shells  of  glass,  or  rather  concavo-convex  lenses,  the 
outer  and  inner  curves  of  which  are  parts  of  concentric  spheres. 
These,  when  screwed  together,  form  a  hollow  sphere.  This  hol¬ 
low  is  filled  with  water,  the  achromaticity  of  the  lens  being  secured 
by  the  proper  relations  being  maintained  between  the  radii  of  the 
two  substances  of  different  density.  The  lens  of  the  form  and  power 
given  to  it  by  Mr.  Sutton  gives  an  image  on  a  curved  glass,  form¬ 
ing  a  section  of  cylinder  of  the  same  curve  as  the  lens,  embracing 
an  angle  of  something  like  100°  with  good  definition.  This  is  so 
distinct  in  principle  from  all  other  attempts  to  obtain  the  same  end, 
that  the  inventor’s  own  description  may  be  found  interesting  here : — 

“  My  invention  relates  to  the  construction  of  a  compound  achro¬ 
matic  lens  for  taking  photographic  pictures  wherein  an  unusually 
wide  angle  of  view  or  extent  of  field  is  to  be  included.  The  com¬ 
pound  lens  is  composed  of  two  single,  thick,  concavo-convex  lenses 
made  of  glass,  the  curved  surfaces  of  which  are  portions  of  con¬ 
centric  spheres.  They  are  secured  to  a  suitable  mount  in  such  a 
manner  and  position  that  the  curved  surfaces  of  both  of  them  (that 
is  to  say,  all  the  four  curved  surfaces)  are  concentric,  their  common 
centre  being  a  point  in  the  axis  of  the  compound  lens,  and  the  lenses 
having  their  concave  surfaces  opposite  to  each  other.  In  the  space 
or  cavity  between  the  concavo-convex  lenses  is  contained  a  trans¬ 
parent  fluid  of  lower  refractive  and  dispersive  power  than  the  glass 
of  which  the  lenses  are  made.  Water  is  a  suitable  and  convenient 
fluid  to  employ.  By  assigning  proper  radii  to  the  surfaces  of  the 
glass  lenses,  the  compound  lens  is  rendered  achromatic  and  convex, 
so  as  to  produce  real  images  of  objects.  The  two  glass  lenses  may 
be  made  of  the  same  kind  of  glass,  and  equal  in  all  respects,  but  that 
is  not  a  necessary  condition.  By  using  lenses  made  of  different  kinds 
of  glass,  and  giving  their  concentric  surfaces  suitable  radii  computed 
according  to  known  principles  of  optics,  the  compound  lens  can  be 
made  achromatic,  and  at  the  same  time  its  spherical  aberration  can 
be  reduced.  The  compound  lens  is  provided  with  a  central  dia¬ 
phragm,  having  a  central  circular  aperture  of  suitable  size  in  order 
to  give  sharp  definition  when  objects  at  different  distances  from  the 
lens  are  included  in  the  view.  This  diaphragm  is  placed  between 
the  lenses  and  within  the  fluid,  in  such  a  position  that  the  centre  of 
its  circular  aperture  is  at  the  common  centre  of  the  spherical  sur¬ 
faces  of  the  lenses. 

“  The  central  diaphragm  is  another  curious  part  of  this  instrument. 
It  is  evident  that,  if  it  were  merely  furnished  with  a  central  circular 
hole,  the  sides  of  the  picture  would  be  less  illuminated  than  the 
centre.  To  meet  this  inconvenience  I  have  made  the  central  hole 
elliptical,  and  have  placed  in  front  of  it  two  upright  thin  partitions, 
radiating  from  the  centre,  and  looking  like  the  open  wing?  of  a 
butterfly.  These  stop  some  of  the  light  of  the  central  pencil  and 
make  it  cylindrical,  and  at  the  same  time  they  make  the  side  pencils 
cylindrical  also,  and  of  the  same  diameter  as  the  central  one.  This 
simple  contrivance  answers  perfectly  in  equalizing  the  illumination. 

“  Fig.  754  represents  a  vertical  section  of  the  simplest  form  (by 
the  by,  the  best  form)  of  panoramic  lens  and  mount,  wherein  the 
glass  lenses,  A  B,  are  both  alike  in  all  respects,  and  made  of  the  same 
kind  of  glass.  When  this  construction  is  adopted  and  the  internal 
cavity,  C,  is  filled  with  water,  the  lens  will  work  with  sufficient  accu¬ 
racy  for  most  practical  purposes  if  the  following  dimensions  are 
employed,  viz. : — If  the  lenses  are  both  composed  of  the  same  light 
flint  glass,  their  inner  radii  may  be  one-half  the  length  of  their  outer 
radii ;  if  they  be  made  of  the  same  colourless  crown  or  plate  glass, 
their  inner  radii  may  be  two-fifths  of  their  outer  radii. 
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“  I  do  not  confine  myself  to  any  particular  form  of  mount,  but  the 
one  shown  in  Fig.  754  will  be  found  to  answer  well  in  practice. 
According  to  this  form  of  mount,  each  lens  is  fitted  into  a  metal 
ring,  D,  provided  with  an  external  screw-thread  for  the  purpose  of 
screwing  them  fluid-tight  into  the  intermediate  ring  oi  “one,  E,  pro¬ 
vided  for  that  purpose  with  internal  screw-threads  at  each  end. 
This  zone,  E,  slides  freely  within  the  boss  of  the  flange,  F,  by  which 
the  entire  lens  is  secured  to  the  woodwork  of  the  camera,  the  sliding 
motion. serving  to  facilitate  the  adjustment  of  the  focus.  The  cavity, 
C,  between  the  lenses,  A  b,  is  filled  with  water  or  other  suitable  fluid, 
the  ring,  e,  being  provided  for  that  purpose  with  stoppered  inlet  and 
outlet  apertures  at  G  and  h.” 


It  will  readily  be  seen  that  a  lens  of  this  kind,  the  images  of 
which  are  produced  on  curved  glasses,  will  require  a  camera,  and 
indeed  all  the  apparatus  especially  fitted  for  it.  The  baths,  boxes, 
printing  frames,  &c.,  are  all  curved.  A  glance  at  the  engravings 
(Figs.  755,  756)  will  illustrate  more  perfectly  than  a  long  description 
the  general  characteristics  and  differentia  of  the  apparatus  employed. 

Regarding  the  results  the  distinction  between  the  pictures  of  the 
ordinary  view  lens  and  those  of  the  panoramic  lens,  they  may  be 
thus  briefly  stated  :  the  common  view  lens  generally  embraces  with 
sufficient  definition  an  angle  of  between  30°  and  40°,  covering  a 
square  about  two-thirds  of  its  focal  length  ;  so  that  if  the  lens  have 
a  focus  for  parallel  rays  of  about  9  inches,  it  may  be  expected  to 
cover  a  square  of  nearly  6  inches.  The  panoramic  lens  generally 
covers  a  plate  twice  as  long  as  its  focal  length ;  so  that  a  lens  of  9 
inches  focus  would  cover  a  plate  18  inches  long,  and  embrace  an 
angle  of  upwards  of  100°.  The  following  engravings  illustrate  these 
facts,  by  giving  the  picture  produced  by  an  ordinary  view  lens,  and 
the  picture  produced  by  the  panoramic  lens,  both  having  exactly 
the  same  equivalent  focus  to  parallel  rays. 


Since  the  first  Exhibition  in  1851  much  general  improvement  in 
lenses  has  been  effected,  but  with  the  exception  of  those  we  have 
mentioned,  and  Petzval’s  orthoscopic  lens,  which  for  some  purposes 
maintains  its  position,  there  has  not  been  any  especial  novelty 
invented  or  important  change  made.  The  two  principal  English 
opticians,  Dallmeyer  and  Ross,  claim  chief  attention  by  the  excellence 
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Complete  Panoramic  Equipment. 


1,  Panoramic  Lens  and  Camera  on  Folding  Tripod  Stand;  2,  Grooved  Box  for  one 
dozen  Curved  Plates;  3,  Holder  for  Plates  while  being  cleaned;  4 ,  Water-tight 
Bath,  with  Dipper;  5,  Printing  Frame. 

of  their  contributions.  They  both  adopted  the  excellent  principle 
of  illustrating  the  excellence  of  their  apparatus  by  exhibiting  the 
qualities  of  the  results.  Dallmeyer  showed  a  fine  display  of  lenses 
especially  adapted  for  that  form  of  portrait  for  which  such  a  furore 
has  during  the  last  year  or  two  existed— the  carte  de  visite.  The 
especial  qualities  required  in  these  lenses  are  fine  definition  over  a 
flat  field,  and  great  rapidity  of  action,  so  that  perfect  results  may  be 
obtained  with  very  short  exposure,  and  the  highest  quality  of  por¬ 
traiture,  an  easy,  natural,  and  characteristic  expression,  be  obtained. 
In  the  examples  of  portraiture  which  accompany  the  lenses,  this 
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quality  is  well  illustrated.  The  same  maker  exhibits  a  lens  especially 
designed  for  enlarging,  and  a  single  lens  intended  for  producing 
instantaneous  pictures,  giving  good  definition  with  an  aperture  large 
in  relation  to  its  focus. 

Eleven  years  ago  the  qualities  which  constituted  excellence  in 
photographic  lenses  were  comparatively  rare  and  novel ;  and  in  1851 
one  optician  only  received  a  medal  for  these  qualities.  Mr.  Ross, 
the  medallist  of  that  exhibition,  is  since  dead,  and  although  it  is  a 


Fig.  756. 


.Photographic  Apparatus  Packed. 


more  difficult  task  in  the  present  day  to  obtain  pre-eminence  in  the 
same  profession,  the  general  excellence  of  the  contributions  sent  by 
the  successor  of  the  late  Mr.  Ross  show  that  the  firm  maintains  a 
position  in  the  front  ranks.  The  portrait  and  view  lenses  are  of 
unimpeachable  quality,  and  constructed  with  a  view  to  the  progress¬ 
ing  wants  of  photography. 

Voightlauder  &  Son,  of  Vienna,  maintain  fully  their  world-wide 
reputation,  rathe  r  by  the  great  perfection  of  their  general  productions 
than  by  the  exhibition  of  novelties  or  inventions.  The  same  remark 

Fig. 


holds  good  of  the  majority  of  French  opticians,  who  contribute  a  fair 
display  of  good  lenses  for  general  photographic  purposes  without 
being  distinguished  by  specialty  or  novelty. 

Perhaps  in  no  part  of  the  apparatus  used  in  the  practice  of  photo¬ 
graphy  has  more  ingenuity  been  expended  than  in  the  construction 


of  cameras.  We  find  a  general  tendency  prevail  to  the  production 
of  something  very  comprehensive ;  cameras  which  will  answer 
many  purposes,  both  in  the  studio  and  in  the  field,  are  common. 
As  it  will  readily  be  supposed,  efficiency  is  often  sacrificed  to  com¬ 
prehensiveness  in  such  cases.  This  is  not,  however,  necessarily  the 


Fig  7^7. 


Picture  produced  by  Ordinary  View  Lens. 


case,  as  some  of  the  examples  in  the  Exhibition  have  illustrated. 
A  camera  exhibited  by  Mr.  Dallmeyer  is  an  admirable  illustration 
of  how  many  uses  may  be  combined  without  interfering  with  the 
proper  exercise  of  any ;  and  as  it  is  a  type  of  a  class  which  has  many 
imitators,  it  may  be  interesting  to  describe  it  in  detail.  It  is  intended 
for  use  either  by  the  tourist  in  the  field  or  by  the  artist  in  his  studio, 
758. 


and  is  suitable  for  the  production  of  stereoscopic  pictures  with  two 
lenses,  or  for  the  production  of  views  of  about  inches  by  4.1  inches 
by  one  lens  of  longer  focus.  Its  construction  will  be  best  illustrated 
by  means  of  diagrams.  Fig.  759  shows  the  entire  apparatus,  A  b 
C  d,  representing  the  body  of  the  camera,  made  of  polished 


View  with  Panoramic  Lens  of  the  same  Focus  as  Single  Lens  with  which  smaller  View  was  takeu. 
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mahogany ;  the  angles  are  protected  with  brass  corners,  to  protect 
it  from  injury  by  heat,  &c.  At  the  back,  B,  is  the  ground-glass 
(not  shown  in  the  figure),  and  this  part  of  the  instrument  is  made  a 


759. 


Fig.  762. 


Dallmeyer’s  Stereoscopic  Camera — Front. 


Dallmeyer’s  Stereoscopic  Camera. 

fixture,  as  being  more  convenient,  when  focussing,  than  the  ordinary 
method  of  construction.  The  front  part,  F,  carrying  the  lenses,  is 
made  to  adjust  by  aid  of  the  pinion,  o,  and  racks,  c,  attached  to 

the  base,  E,  which  is 
Fig.  760.  united  with  and  forms 

part  of  the  moving 
portion  of  the  camera, 
whilst  the  pinion,  o,  is 
attached  to  the  lower 
prolongation  of  the 
dark  chamber,  A  C. 
The  focussing  is  there¬ 
fore  a  simple  operation. 

One  difference  be¬ 
tween  this  construction 
and  the  old  method 
consists,  as  we  have 
said,  in  the  front  por¬ 
tion  of  the  camera 
constituting  the  sliding 
body,  instead  of  the  back  portion,  in  which  the  sensitive  plate  is 
plaqed.  Much  greater  firmness  is  supposed  thus  to  be  gained, 
and  freedom  from  chance  of  vibration  or  movement.  The  nut,  a, 
Fig.  761.  in  Fig.  759,  fastens  the  front, 

(carrying  the  lenses  in  the  posi- 
|  tion  required ;  it  will  be  seen 
that  there  is  a  slot  in  the  front 
where  the  screw  is  placed,  so 
that  the  lenses  may  be  moved 
vertically,  up  or  down,  as  more 
sky  or  more  foreground  may 
be  required  in  the  picture. 

The  front  (Fig.  7G0),  carrying 
the  two  lenses  for  stereoscopic 
pictures,  can  be  removed  and 
replaced  with  another  (Fig.  761) 
carrying  one  lens  of  longer 
focus,  in  this  instance  an  achromatic  triple  combination  of  about 
7J  inches  equivalent  focus,  for  taking  single  views  on  a  plate  of 
the  6ame  size  as  is  used  for  the  two  halves  of  the  stereoscopic  picture. 


Dallmeyer’s  Camera— Front. 


It  must  be  remembered,  however,  that  the  camera  when  in  use 
with  two  lenses  for  producing  stereoscopic  pictures  requires  to  be 
divided  into  two  compartments,  so  that  the  images  from  the  two  lenses 
may  each  be  confined  to  its 
own  dark  chamber,  and  not 
interfere,  by  diffraction  or 
otherwise,  with  each  other. 

This  partition  dividing  the 
camera  into  two  halves  must 
be  flexible,  to  allow  the  body 
of  the  camera  to  be  drawn 
out  or  pushed  in.  It  also 
requires  to  be  movable,  so 
that  when  the  camera  is  in 
use  for  single  pictures  it  may 
be  taken  away.  All  this  is 
ingeniously  effected,  as  will 
be  seen  on  reference  to  Fig. 

762,  which  is  a  view  of  the 
interior  of  the  camera.  Fig. 

763  represents  the  pliable 
partition  which  runs  in  the  groove,  a,  Fig.  762,  and  is  held  in  its 
place  by  the  bolts,  b  e  and  d  e.  It  will  easily  be  seen  that  the  parti¬ 
tion,  consisting  of  bars  of  wood  fastened  on  leather  on  the  principle 
of  revolving  shutters,  and  quite  pliable,  permits  the  camera  to  be 
lengthened  or  shortened  by  pushing  in  or  drawing  out  the  body. 


Dallmeyer’s  Camera — Interior. 


Fig.  764. 


Fig.  763. 


Pliable  Partition. 


Dallmeyer’s  Dark  Slide. 


Fig.  765. 


The  dark  slide  (Fig.  764),  is  in  many  respects  of  the  ordinary 
construction  ;  but  it  possesses  an  arrangement  for  preventing  stains 
which  sometimes  arise  from  the  accumulation  of  drainage  from  the 
nitrate  of  silver  solution  on  the  plates,  which  is  worthy  of  attention. 
Fig.  765  shows  the  nature  of  this  arrangement.  It  consists  in  having 
a  groove,  5,  which  is  coated  with  wax  and  rendered 
waterproof  just  at  the  point  where  the  drainings  would 
accumulate.  Instead  of  allowing  the  solution  to  remain 
on  the  frame  and  cause  future  stains,  it  runs  into  this 
groove  where  it  cannot  do  any  harm.  The  diagram 

(Fig.  766),  shows  a  small  inner  frame  to  be  placed  inside 
the  dark  slide  for  plates  of  smaller  size.  Both  in  this  frame 
and  in  the  dark  slide  the  sensitive  plate  rests  on  silver 

wire  placed  at  the  cor¬ 
ners.  Any  other  mate¬ 
rial  than  silver  is  apt  to 
be  acted  on  by  the  nitrate 
of  silver  solution,  and 
cause  stains  by  contact 
with  the  sensitive 
surface. 

Fig.  767  represents  a  very  simple  and  ingenious  instantaneous 
shutter.  The  part,  C  B,  is  placed  upon  the  lenses,  the  aperture  just 

4  c 


Dark  Slide  for  preventing  Stains. 
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fitting  the  brass  hood  of  each  lens.  A  rod  of  brass  furnished  at 
each  end  with  a  milled  head,  b  b,  and  acting  as  a  hinge,  serves  as  a 
means  of  opening  or  closing  the  shutter,  Q  it.  By  a  skillful  use  of 
this  shutter  the  lenses  can  be  uncovered  and  covered  instantane¬ 
ously.  It  also  possesses  another  advantage  in  the  fact,  that  by  proper 
care  it  may  be  used  to  give  the  foreground  a  lengthened  exposure, 

shading  off  the  sky,  and  then  giv¬ 
ing  the  latter  an  instantaneous 
exposure  so  as  to  secure  the 
delineations  of  clouds  on  the 
negatives. 

We  ought  to  have  remarked 
that  Fig.  7G8  is  an  illustration  of 
the  form  of  stop  or  diaphragm, 
now  almost  universally  used  with 
portrait  lenses,  and  known  as  the 
Waterhouse  diaphragm.  Instead 
of  placing  the  stop  in  front  of  the  lens,  as  was  common  at  one 
time,  it  is  now  placed  between  the  front  and  back  lenses  of  the 
combination,  at  a  point  governed  by  their  respective  foci.  Better 
definition,  with  greater  freedom  from  distortion  and  less  loss  of 
light,  is  thus  secured.  It  was  customary  at  one  time  to  unscrew 


provements  in  the  greatest  number,  and  possessing  at  the  same 
time  great  excellence  in  material  and  workmanship,  we  may  take 
those  of  Mr.  Meagher  of  Coppice  Row  as  types  of  convenience  and 
efficiency  (Fig.  771).  When  packed  up  for  travelling,  a  camera 


Fig. 769.  a 


Diagram  of  llouch's  Camera. 


of  this  kind  for  pictures  10  inches  by  8  inches,  measures  121 
inches  by  10J  inches,  and  3  inches  deep,  and  does  not  exceed 
seven  pounds  in  weight.  The  annexed  diagram  shows  the  packet 
for  travelling. 

Fig.  770.  Fig.  771. 


Fig.  766. 


Dallmeyer’s  Camera — Inner  Frame. 


Dallmeyer’s  Camera — Shutter. 


Fig.  76S. 


the  lens  from  its  mount  in  order  to  insert  a  diaphragm  between  front 
and  back ;  but  the  diaphragm  in  the  illustration  is  simply  dropped 
into  a  groove  cut  in  the  brass  mount  of  the  lens  in  the  proper 
place,  without  the  slightest  trouble.  Sets  of  these  diaphragms,  with 
different-sized  apertures,  are  now  generally  sold  with  the  lens. 

Another  camera,  very  similar  in  construction  to  that  described 
above,  with  a  few  slight  modifications,  is  exhibited 
by  Mr.  Rouch  (Fig.  769).  It  does  not  need 
specific  description,  as  the  illustration  is  sufficiently 
explanatory.  We  may  simply  remark  that  a  is 
the  camera  and  stereoscope  lenses ;  b,  the  small 
triple  lens ;  c,  the  pliable  partition ;  and  d,  the 
instantaneous  shutter. 

Mr.  Ross  also  has  an  admirable  camera  with 
an  elaboration  or  modification  of  the  same  prin¬ 
ciple,  which  the  next  design  (Fig.  770)  illustrates. 

It  is  perhaps  in  cameras  designed  especially  for 
tourists  that  the  greatest  amount  of  ingenuity  is 
shown,  in  securing  portability  and  lightness,  com¬ 
bined  with  sufficient  rigidity  and  general  efficiency.  Perhaps 
these  are  best  secured  by  the  camera  known  as  Kinnear’s,  hav¬ 
ing  originally  been  invented  by  a  gentleman  of  that  name;  but 
the  various  examples  shown  in  the  Exhibition  have  undergone  so 
much  modification  and  improvement,  that  very  little  of  the  original 
is  retained  except  the  general  form.  As  possessing  these  im¬ 


Ross’  Camera.  Meagher’s  Portable  Camera. 


On  opening  the  camera  it  is  found  to  consist  of  a  frame  of  Spanish 
mahogany  or  teak,  three  inches  deep,  having  two  grooves;  the  inner 
one  to  receive  the  focussing  screen  when  packed,  and  the  other  to 
receive  the  dark  slide  or  back.  To  the  front  is  attached  an  extend¬ 
ing  body  of  leather,  made  with  gussets  like  an  accordion  or  concertina, 
but  having  the  form  of  an  elongated  truncated  pyramid,  which  packs 
within  the  frame  just  mentioned.  The  base-board  of  the  camera  is 
made  to  form  the  front  of  the  box  when  packed  up.  Within  the 
base-board  is  a  light  but  firm  sliding-frame,  by  the  extension  of 
which  the  bellows  are  drawn  out  to  their  full  extent.  This  exten¬ 
sion  is  effected  by  means  of  a  fine  slow  screw,  which  is  worked  at 
the  back,  thus  affording  facilities  for  the  finest  adjustment  of  focus 
from  the  back  of  the  camera.  Attached  to  the  front  of  the  sliding- 
frame,  to  which  we  have  just  referred,  is  another  hinged  frame, 
which  on  being  raised  is  found  to  possess  grooves  in  which  the  part 
carrying  the  lens,  attached  to  the  bellows,  is  fitted,  and  being  fixed 
by  means  of  screws  at  any  height  possesses  all  the  advantages  of  a 
sliding  front.  This  small  hinged  frame  is  supported  in  position  by 
oblique  brass  stays  which  are  attached  to  the  base-board,  and,  work¬ 
ing  on  a  centre,  are  laid  flat,  when 
the  camera  is  packed  up.  The 
frame  constituting  the  body  of  the 
camera  is  attached  to  the  base¬ 
board,  either  in  a  horizontal  or 
vertical  position,  as  the  view  to  be 
taken  may  require,  by  means  of 
two  brass  screws  underneath.  The 
form  of  the  camera  when  erected 
for  use  is  seen  in  Fig..  772. 

There  are  two  or  three  important  adjustments  which  the  camera 
possesses,  which  give  it  all  the  advantages  of  a  double  action  swing 
back,  both  as  regards  lateral  and  vertical  motion,  without  either  the 


Meagher’s  Camera— Extended. 
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cumbersomeness  or  costliness  usually  pertaining  to  that  adjunct.  In 
the  base-board,  at  the  point  at  which  the  two  brass  screws  attach 
it  to  the  body  of  the  camera,  are  two  curved  slots,  through  either  of 
which  the  screws  attached  to  the  body — which  works  on  a  brass  pin 
in  the  centre — move  for  a  given  space,  allowing  the  back,  although 
fixed  in  the  centre,  to  traverse  the  arc  of  a  circle,  thus  gaining  all 
the  advantages  of  the  swing  back  in  that  direction.  The  vertical 
movement  is  gained  by  a  slight  deflection  of  the  lens,  the  frame 
which  supports  it  working  on  its  hinges,  and  is  fixed  in  any  required 
position  by  a  screw  which  passes  through  a  slot  in  the  brass  stays. 
The  use  of  this  movement  requires  great  care  and  some  knowledge 
and  experience,  as  by  moving  the  lever  at  the  short  end,  a  very 
slight  inclination  will  cause  a  considerable  deviation  of  the  axis  of 
the  lens  from  its  normal  or  true  position.  In  the  ordinary  swing 
back,  the  method  of  adjustment  to  give  definition  to  objects  in  an 
advanced  plane  of  the  lower  part  of  the  foreground  in  a  landscape, 
or  of  the  figure  in  portraiture,  it  is  customary  to  incline  the  top  of 
the  slide  a  little  backwards,  so  as  to  adjust  the  distance  between  the 
objects  in  the  foreground  and  that  part  of  the  plate  on  which  they 
are  delineated ;  here  it  will  be  necessary  that  the  camera  itself  shall 
be  turned  on  its  axis,  or,  in  other  words,  that  it  be  tilted,  so  as  to 
give  the  back  the  requisite  slope  or  inclination.  In  doing  this, 
however,  if  the  lens  were  rigidly  fixed,  it  would  no  longer  embrace 
the  view  to  which  it  was  originally  pointed,  probably  little  more  than 
the  tops  of  the  trees  and  the  sky  being  delineated.  To  remedy  this, 
the  facility  of  changing  the  position  of  the  lens  becomes  of  the  utmost 
service ;  for,  when  the  camera  is  thus  tilted,  a  slight  depression  of  the 
lens  at  once  makes  it  include  the  desired  view,  and  at  the  same  time 
secures  the  direction  of  the  axial  pencils  on  the  centre  of  the  plane 
of  delineation,  whether  it  be  the  focussing  screen  or  sensitive  plate. 
Another  point  secured  by  this  movement,  which,  to  the  artistic 
photographer  will  be  an  important  one,  is  the  facility  of  slightly 
altering  the  direction  of  the  axial  pencils,  and  thus  securing  the  best 
definition  of  an  important  part  of  the  subject,  irrespective  of  its 
occupying  a  central  position,  at  the  expense  of  some  other  part  in 
which  definition  is  of  little  importance.  Thus,  in  a  landscape,  the 
foreground  objects  may  often  require,  in  order  to  produce  the  most 
artistic  result,  the  best  possible  definition,  which  will  be  secured 
t>y  directing  the  axis  of  the  lens  towards  that  part  of  the  field, 
whilst  the  part  which  would  suffer  from  this  deviation  of  the  axis 
of  the  lens  would  be  the  sky,  in  which  definition  is  of  little  im¬ 
portance.  Where  dry  plates  are  used,  an  equipment  of  double 
backs — that  is,  backs  or  dark  slides  made  so  as  to  carry  two  pre¬ 
pared  plates  for  exposure  is  provided.  Three  double  backs  will 
thus  carry  six  dry  plates — a  fair  equipment  for  a  day’s  ramble, 
camera  in  hand. 

This  type  of  camera,  with  modifications  in  detail,  is  exhibited  by 
most  of  the  best  manufacturers,  and  is  in  general  favour  amongst 
landscape  photographers. 

Another  portable  tourist  camera,  which  answers  for  stereoscopic 
pictures  as  well  as  for  pictures  of  a  larger  size,  ar.d  packs  up  into 
a  very  small  compass  for  carrying,  possesses  so  many  points  of 
excellence,  and  displays  so  m  uch  ingenuity,  that  it  is  worth  describing. 
It  is  also  manufactured  and  exhibited  by  Mr.  Meagher  (Fig.  773, 774). 
The  inventor,  speaking  of  it,  says  : — “It  is  intended  for  stereoscopic 
plates,  and  for  plates  of  7^-  inches  by  5  inches,  the  outside  measure¬ 
ment,  when  packed  up,  being  about  7  inches  by  8  inches  and  4 
inches  deep.  It  has  a  bellows  body,  expanding  from  a  focus  of  3J 
inches  to  9£  inches,  thus  allowing  of  the  use  of  Dallmeyer’s,  Ross’s, 
or  simi’ar  stereoscopic  lenses  of  short  focus ;  or  of  the  same  lenses 
where  only  the  front  lens  of  the  combination  is  used,  having  a  focus 
of  6  inches.  It  also  permits  of  the  copying  of  objects  and  camera 
printing  of  transparencies  the  full  size,  by  using  the  combination 
and  extending  the  camera  to  9  inches,  which  is  double  the  equiva¬ 
lent  focus. 


“  When  stereoscopic  pictures  are  not  required,  there  is  an  extra 
front,  to  which  is  attached  one  of  Dallmeyer’s  triple  achromatic 
lenses  of  7^  inches  focus,  producing  a  negative  of  upwards  of  7 
inches  by  5  inches. 

“  When  not  in  use  for  stereoscopic  work,  the  central  partition  is 
removed  from  the  camera.  The  front  may  not  only  be  raised,  but 
also  depressed,  so  as  to  allow  of  more  sky  or  of  more  foreground, 
as  the  exigencies  of  the  picture  may  require.  The  focussing  screen 
is  never  removed  from  the  camera,  but  hinged  at  the  top,  and  turned 
back  upon  the  back  of  the  camera,  so  that  there  is  no  danger  of  it 
being  either  broken,  or  laid  down  and  forgotten.  The  dark  frames 
carrying  the  plate  enter  at  the  side  of  the  camera,  and  the  slide 
pulling  out  horizontally,  there  is  not  the  same  danger  of  light  strik¬ 
ing  in  as  when  it  is  pulled  from  the  top.  The  focussing  is  effected 
from  behind,  by  means  of  the  screw  arrangement,  the  handle  or 
winch  is  fixed  instead  of  movable,  and  folds  up  out  of  the  "way. 
The  tail-board  is  hinged  and  folds  up,  thus  protecting  the  ground  glass, 
and  making  the  camera  into  a  compact  mahogany  box  of  the  size  we 
have  before  mentioned  (Fig.  774).  There  was  some  difficulty  in  effect¬ 
ing  the  union  of  the  two  advantages  of  a  hinged  tail-board  and  screw¬ 
focussing  adjustment,  which  we  were  anxious  to  secure  ;  but  Mr. 
Meagher  eventually  obtained  them  very  cleverly.  The  tail-boarp 
is  held  rigidly,  both  when  folded  up  and  when  down  for  use,  by  side 
pieces  moving  on  a  centre.  Altogether  the  camera  works  well ; 
it  is  rigid  and  firm,  and  none  of  the  advantages  are  obtained  at  the 
expense  of  disadvantages.  It  is  light  and  portable,  and  convenient 
to  work  ;  easily  put  into  working  trim,  and  easily  packed  up  again, 
whilst,  at  scarcely  any  extra  cost  of  weight  and  space,  facilities  for 
working  plates  7  inches  by  5  are  obtained  in  a  stereoscopic  equip- 

Fig.  773.  Fig.  774. 


Meagher’s  Stereoscopic  Camera — Folded  and  Extended. 

merit,  an  arrangement  adopted,  we  believe,  by  Mr.  Wilson  of 
Aberdeen,  in  his  stereoscopic  camera.”  The  annexed  diagram  show's 
the  camera  folded  and  extended  for  use. 

A  description  of  all  the  cameras  exhibited  would  involve  much 
unnecessary  repetition,  as,  notwithstanding  the  number  and  variety, 
they  consisted,  in  the  majority  of  instances,  of  modifications  of  the 
same  principles  which  those  described  possess,  together  with  varieties 
of  the  ordinary  trunk  camera  generally  found  in  the  studio  of  the 
professional  portraitist.  A  camera  of  this  form,  exhibited  by  Messrs. 
M‘Lean  &  Melhuish,  has  a  modification,  invented  by  Lieut.-Col. 
Shakspear,  which  is  very  ingenious.  The  invention  consists  in  the 
use  of  a  lens  to  act  as  a  “  finder.”  It  will  be  seen  on  a  moment’s 
reflection  that  the  usual  form  of  camera  presents  several  difficulties 
where  moving  objects  have  to  be  delineated.  The  right  position 
and  focus  might  be  obtained,  but  during  the  time  necessarily  elaps¬ 
ing  between  the  removal  of  the  ground  glass  and  the  act  of  putting 
the  sensitive  plate  in  its  place,  there  is  every  probability  that  the 
object  may  have  moved  out  of  focus,  or  even  out  of  the  field  of 
view.  In  the  “  simultaneous  camera,”  as  it  is  called,  the  dark  slide 
containing  the  sensitive  plate  is  placed  in  situ  with  the  plate  ready 
for  exposure  the  moment  the  lens  is  uncovered.  The  focussing  and 
watching  for  the  right  position  or  expression  is  then  effected  by  the 
aid  of  this  finder,  which  is  a  lens  of  similar  focus  to  that  about  to  be 
employed  in  producing  the  picture.  In  the  camera  exhibited  there 
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are  four  lenses  intended  for  action,  and  one  for  focussing  only.  The 
focussing  arrangements  are  so  connected,  that  when  one  lens  is 
focussed  all  are.  In  this  instance,  the  production  of  card  portraits 
is  intended,  four  on  one  plate,  and  the  object  is  to  watch  for  the 
right  position  and  expression,  and  secure  the  best  effect  of  uncon¬ 
sciousness  in  the  sitter  with  the  least  trouble  and  chance  of  failure. 

The  same  firm  exhibit  cameras  made  of  metal  in  place  of  wood, 
with  the  purpose  of  securing  the  maximum  of  rigidity  and  lightness. 

A  variety  of  cameras  with  repeating  arrangements  are  exhibited, 
the  object  being  to  obtain  several  pictures  on  one  plate  with  one 
lens.  This  is  effected  by  bringing  different  parts  of  the  plate  within 
the  field  of  view  in  due  succession.  In  some  cases  this  end  is 
secured  by  merely  sliding  the  dark  back  vertically  or  laterally.  In 
some  the  arrangement  is  more  complicated,  a  revolving  movement 
of  the  frame  containing  the  plate,  with  facilities  for  keeping  the  plate 
itself  always  vertical  being  secured.  A  camera  with  an  arrange¬ 
ment  of  this  kind  is  exhibited  by  Mr.  Cox,  with  a  specimen 
containing  seventeen  collodion  positives  on  one  plate  produced 
by  its  aid. 

The  application  of  photography  to  the  microscope  has  called  for 
various  cameras  to  meet  the  especial  requirements.  These  are 
various  in  kind  and  purpose.  Mr.  Solomon  exhibits  an  ingenious 
little  camera,  which  is  intended  for  the  production  of  microscopic 
photographs  from  larger  negatives.  In  this  case  the  object  is  to 
reduce  a  view  or  portrait  to  the  size  of  a  mere  point  for  examina¬ 
tion  in  the  microscope.  At  present  this  application  of  photography 
appears  to  be  used  for  the  production  of  mere  toys  ;  but  it  has  been 
suggested  that  it  might  have  a  much  more  important  use.  The 
most  elaborate  instructions,  or  the  most  interesting  despatch  could 
be  inclosed  in  a  button  or  a  pencil-case,  where  secrecy  was  required, 
and  thus  supersede  the  use  of  writing  in  cipher.  The  secret  docu¬ 
ment  photographed  in  this  manner  might  be  comprised  within  the 
fractional  part  of  an  inch,  and  on  examination  in  the  microscope 
would  become  perfectly  legible.  This  view  of  the  case  at  once 
suggests  a  number  of  important  uses  to  which  such  microscopic 
pictures  could  be  adapted.  As  it  has  been  well  remarked,  “  the 
general  of  an  army  or  secretary  of  war  needs  but  a  magnifying  glass 
to  save  the  use  of  spies,  and  men  from  hanging ;  the  whole  archives 
of  a  nation  might  be  packed  away  in  a  snuff-box.  Had  the  art 
been  known  in  the  time  of  Omar,  the  destruction  of  the  Alexandrian 
library  would  not  have  been  a  final  loss.”  The  chief  purpose,  as 
we  have  said,  to  which  these  microscopic  photographs  are  at  pre¬ 
sent  applied  is  for  toy-like  purposes,  one  illustration  of  which  is 
found  in  what  are  termed  the  photo-micro-jewels  of  Dagron,  sold  in 
large  numbers  in  the  French  department  of  the  Exhibition.  The 
minute  photograph  is  fitted  up  in  a  pin,  or  ring,  or  miniature  opera- 
glass,  to  be  worn  amongst  other  “  charms”  at  the  watch  chain. 

The  mode  of  fitting  up  these  minute  pictures,  with  their  powerful 
lenses  attached,  is  interesting,  and  is  thus  described  by  a  French 
writer  : — “  A  number  of  cylinders  of  common  or  flint  glass  are  pre¬ 
pared  in  advance,  about  5  or  6  millimetres  long  and  2  thick.  The 
second  extremity  of  these  cylinders  is  spherically  rounded  in  a  hol¬ 
low,  to  transform  it  into  a  magnifying  lens.  To  one  extremity  of 
the  cylinder  a  micro-photograph  is  fixed  with  Canada  balsam,  and 
the  edges  ground  by  an  optical  tool  to  efface  the  marks  of  the  union. 
This  is  the  photo-microscopic  cylinder,  one  of  the  most  delightful 
conquests  of  science  and  art.  ...  If  we  look  at  the 
plane  end  of  the  cylinder  we  see  the  picture  with  great  difficulty  as 
a  black,  almost  imperceptible  point,  and  M.  Dagron  was  naturally 
led  to  do  for  the  second  extremity  what  he  had  done  for  the  first. 
He  fastened  on  a  second  picture  with  Canada  balsam,  he  rounded 
the  glass  in  another  hollow,  and  he  obtained  a  cylinder  which  twice 
performed  the  functions  of  microscope  and  object  holder.  In  other 
cases  lie  fixes  the  picture  so  that  it  can  only  be  seen  when  the  glass 
is  held  at  a  particular  angle.”  In  producing  the  pictures  themselves 


an  achromatic  object-glass  of  about  1  inch  power  is  used,  and  a 
camera  arranged  to  contain  the  negative  to  be  reduced  at  one  end, 
with  the  lens,  dark  slide,  &c.,  at  the  other.  Several  forms  of 
camera  are  made,  which  are  unnecessary  to  describe  in  detail. 

More  interesting,  because  more  important  in  its  scientific  adapta¬ 
tion,  is  the  apparatus  for  producing  enlarged  photographic  images 
of  microscopic  objects.  The  method  of  delineating  the  magnified 
images  obtained  by  the  microscope  by  means  of  photography,  is  an 
important  advance  upon  any  method  of  drawing  these  objects  by 
hand,  both  in  accuracy  and  facility.  Various  modes  of  effecting  this 
object  have  been  contrived,  with  more  or  less  of  success.  Amongst 
the  contributions  of  Mr.  S.  Highley  we  find  an  ingenious  camera  for 
this  purpose,  which  combines  within  itself  several  of  the  improve¬ 
ments  which  have  from  time  to  time  been  made  by  various  experi¬ 
mentalists  in  this  branch  of  photography.  The  inventor  thus 
describes  the  apparatus  in  question  : — • 

“  A  photo-micrographic  camera,  for  taking  enlarged  photographs 
of  microscopic  objects,  with  an  improved  form  of  mirror  for  reflect¬ 
ing  parallel  rays  on  to  the  condenser.  The  condenser  may  be 
arranged  for  concentrating  a  disc  of  parallel  rays  on  to  the  object  to 
be  copied,  or  so  that  the  rays  may  enter  the  object  at  the  same  angle 
as  that  at  which  they  emerge  into  the  object-glass  employed  ;  that 
is  to  say,  the  angular  aperture  of  the  condenser  and  objective  is  the 
same.  If  a  living  or  heavy  object  that  would  settle  down  out  of 
the  field  of  view  has  to  be  photographed,  the  stage  can  be  placed 
horizontally,  and  the  image  reflected  by  means  of  a  rectangular 
prism  or  speculum  on  to  the  sensitive  plate.  If  an  active  animalcule 
is  to  be  photographed,  its  motions  have  to  be  watched  by  aid  of 
transparent  non-actinic  glasses  placed  behind  the  plate  and  between 
the  plate  and  the  object;  and  when  the  object  is  expanded  the  inter¬ 
cepting  glass  may  be  raised  by  the  action  of  a  cord  on  a  drum 
attached  to  the  axis  to  which  the  glass  is  fixed  and  the  exposure 
effected  ;  or  if  the  animalcule  is  very  restless,  at  the  moment  it  is 
fairly  in  view  it  may  be  instantly  killed  by  passing  the  shock  of  a 
voltaic  battery  through  the  animalcule  trough  by  means  of  a  con¬ 
venient  arrangement  provided.” 

Passing  from  the  minute  to  the  gigantic — for  life-sized  delineations 
by  means  of  photography  may  be  thus  described — we  come  to 
consider  the  apparatus  for  enlarging  or  producing  large  pictures  from 
small  negatives.  The  instrument  in  general  use  is  known  as  tho 
solar  camera.  Although  many  of  its  productions  were  contributed, 
we  do  not  find  amongst  the  apparatus  exhibited  any  example  of 
the  instrument  itself.  The  only  apparatus  of  the  kind  was  a 
megascopic  camera  in  the  French  department  by  M.  Bertsch,  the 
exact  peculiarities  of  which  were  not  described.  The  principle  of 
the  solar  camera,  which  is  similar  to  that  of  the  solar  microscope, 
is,  however,  with  whatever  modification,  generally  employed ;  and 
although  we  find  it  only  represented  by  its  productions  in  the 
Exhibition,  it  will  be  interesting  here  briefly  to  describe  its  construc¬ 
tion  and  mode  of  working.  It  consists  of  a  box  or  camera  contain¬ 
ing  the  lens  at  one  end,  and  at  the  other  a  mirror,  which  can  be 
placed  at  any  angle,  so  as  to  reflect  the  sun’s  image  and  throw  it 
through  a  condensing  lens  of  about  9  inches  diameter  and  18  inches 
focus.  The  focus  of  the  condenser  is  upon  the  front  combination  of 
the  enlarging  lens,  which  is  generally  a  portrait  combination. 
Between  this  lens  and  the  condenser  the  negative  from  which  the 
enlarged  image  is  to  be  obtained  is  placed.  The  whole  apparatus 
is  placed  in  an  aperture  in  the  window  of  a  darkened  room  facing 
south.  The  mirror  having  been  arranged  with  due  regard  to  the 
position  of  the  sun,  so  as  to  throw  its  image  through  the  condenser, 
an  enlarged  image  of  the  negative  is  projected  upon  a  white  screen 
placed  at  a  proper  distance  within  the  room.  Perfect  definition 
having  been  obtained,  a  sheet  of  sensitive  paper  is  placed  upon  the 
screen  to  receive  the  image.  If  paper  prepared  with  chloride  of 
silver  be  used,  an  hour  or  more,  according  to  circumstances,  will  be 
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required  to  obtain  a  picture,  in  which  case  the  mirror  will  require 
adjusting  from  time  to  time  to  follow  the  position  of  the  sun  ;  but  if, 
as  is  usually  done,  a  paper  prepared  with  a  combination  of  silver 
salts  containing  bromides  or  iodides  be  used,  then  the  faint  image 
obtained  in  a  few  seconds  can  be  further  developed  with  gallic  acid, 
and  a  picture  produced  in  a  much  shorter  time.  In  other  respects 
the  manipulations  of  fixing,  &c.,  are  similar  to  those  in  ordinary 
photographic  operations. 

Amongst  the  most  important  contrivances  to  those  landscape 
photographers  who  prefer  to  work,  even  in  the  field,  with  the  wet 
collodion  process,  are  the  various  kinds  of  dark  tents,  &c.  A  mul¬ 
titude  of  such  tents  have  been  suggested  and  manufactured,  all  con¬ 
taining  some  especial  convenience.  Amongst  those  which  have 
acquired  the  greatest  popularity  amongst  professional  photographers 
may  be  mentioned  one  exhibited  by  Messrs.  Murray  &  Heath,  known 
as  Smartt’s  tent,  Fig.  775.  This  is  perhaps  the  most  perfect  thing 
of  the  kind  shown,  so  far  as  convenience  is  concerned ;  but  it  is  some¬ 
what  heavier  than  some  others  exhibited,  this  being  the  result  of  its 
larger  dimensions,  and  of  course  involves  more  complete  efficiency. 
The  following  engraving  and  description  will  afford  a  good  idea  of 
conveniences  for  working  in  the  field  here  presented. 


ease  and  convenience.  The  chief  feature  in  its  construction  is 
the  peculiarity  of  its  framework,  which  constitutes,  when  erected,  a 
system  of  triangles,  disposed  so  as  to  strengthen  and  support  each 
other ;  it  thus  combines  the  two  important  qualities  of  lightness  and 
rigidity.  The  table  is  made  to  fold  up  when  not  in  use,  and  in  place 
of  the  ordinary  dish  for  developing,  a  very  efficient  and  portable  tray 
is  provided,  made  of  india  rubber  cloth,  having  its  two  sides  fixed 
and  rigid,  and  its  two  ends  movable ;  it  thus  folds  up  into  a  space 
but  little  larger  than  one  of  its  sides.  The  working  space  of  the 
table  is  economized  thus : — A  portion  of  it  is  occupied  by  the  tray 
just  described — the  silver  bath,  which  is  one  of  our  new  glass  baths 
with  glass  water-tight  top,  is  suspended  from  the  front  of  the  table, 
and  rests  upon  a  portion  of  the  frame-work  of  the  tent,  and  a  con¬ 
trivance  is  devised  for  disposing  of  the  plate-slide  of  the  camera,  in 
order  to  reserve  the  space  it  would  require  if  placed  on  the  table. 
The  bath  and  plate-holder  in  their  places  as  described  are  shown  in 
the  engraving ;  this  arrangement  leaves  ample  space  on  the  table  for 
manipulating  the  largest-sized  plates.  The  entire  weight  of  the  tent 
is  20  lbs.,  and  it  is  easily  erected  or  taken  down  by  one  person. 

The  collodion  pourer,  the  plate-developing  holder,  the  developing 
cups,  and  the  water  bottle — the  latter  is  suspended  over  the  tray  as 
shown — have  all  special  points  in  construction. 

Another  very  excellent  tent,  invented  by  Mr.  Ernest  Edwards, 
M.A.,  is  exhibited  by  Mr.  W.  M.  Rouch  as  “Edward’s  Registered 
Model  Tent,”  Fig.  776.  This  possesses  less  amplitude  of  space,  but 


Edwards’  Model  Photographic  Tent, 


Smartt’s  Photographer  s  Tent. 

In  this  tent  an  endeavour  has  been  made  to  obviate  the  incon¬ 
veniences  complained  of  in  contrivances  of  this  sort,  especially  as 
to  working  space,  firmness,  simplicity,  and  portability.  Usually,  in 
the  various  forms  of  tent  in  use,  the  upper  part,  where  space  is  most 
required,  is  the  most  contracted  ;  while  at  the  lower  part,  where  it 
is  of  little  importance,  a  great  amount  of  room  is  provided. 

Smartt’s  tent  is  rectangular  in  form,  is  6  feet  high  in  the  clear, 
and  3  feet  square,  affording  table  space  equal  to  36  inches  by  18 
inches,  and  ample  room  for  the  operator  to  manipulate  with  perfect 


is  more  portable  perhaps  than  that  we  have  just  described.  The 
engraving  will  afford  the  best  idea  of  the  arrangements  of  the  interior 
when  extended  for  working,  and  of  the  form  when  packed  up. 

Representing  a  much  lighter  class  of  tents,  intended  for  more 
temporary  purposes,  is  a  dark  tent  exhibited  by  Messrs.  H. 
Squire  &  Company,  as  Leake's  Tent.  The  object  of  this  contriv¬ 
ance  appears  to  be,  above  all  things,  sufficient  lightness  and  porta¬ 
bility  to  allow  the  amateur  photographer  to  proceed  on  a  day’s 
photographic  tour  with  all  his  equipment  in  his  hand.  The  ex 
ample  exhibited  had  not  been  made  of  materials  sufficiently  stout, 
or  sufficiently  seasoned,  to  bear  the  excessive  heat  of  the  apart¬ 
ment  in  which  it  was  exhibited ;  but  that  does  not  affect  the  sim¬ 
plicity  of  principle  upon  which  the  tent  is  based.  The  contrivance 
is  thus  described : — “  It  consists  principally  of  a  shallow  box  or 


574 


RECORD  OF  THE  INTERNATIONAL  EXHIBITION,  1862. 


tray,  about  twenty-two  inches  long,  twelve  wide,  and  two  deep, 
the  lid  forming  the  top  of  the  tent.  Round  three  sides  of  this  tray 
is  secured  the  lining,  of  black  and  yellow  calico,  and  a  curtain  of 
the  same  material  wraps  round  the  operator  and  excludes  light. 
The  top  is  supported  by  two  light  iron  rods,  which  are  of  sufficient 
length  to  keep  the  covering  in  a  state  of  tension,  thus  insuring 
perfect  rigidity.  An  aperture  in  front  admits  of  sufficient  light  for 
convenient  working,  and  a  gutta  percha  tray,  with  a  flexible  tube 
attached,  carries  off  the  waste  water.  The  whole  is  attached  to  a 
tripod  stand,  of  a  height  to  suit  the  operator.  When  not  in  use, 
the  covering  folds  into  the  box,  which  may  be  conveniently  carried 
by  the  handle  attached  to  the  side.  The  weight  of  this  tent,  com¬ 
plete,  is  about  five  pounds.” 

Another  mode  of  working  with  wet  collodion  in  the  field  does  not 
differ  much  in  principle  from  that  adopted  by  the  late  Mr.  Archer, 
the  discoverer  of  the  collodion  process.  It  consists  in  combining  a 
camera  and  tent,  or  what  is  equivalent  to  a  tent,  in  one  contrivance. 
Mr.  Sebastian  Davis,  an  amateur  photographer,  exhibits  a  good 
example  of  this  kind  of  “manipulating  chamber,”  as  he  terms  it. 

The  advantages  of  the  manipulating  chamber,  as  regards  facility 
in  operating,  must  be  very  apparent.  The  plate,  when  removed 
from  the  bath,  is  at  once  placed  in  situ  for  exposure,  without  the 
necessity  of  any  dark  slide,  which  is  entirely  dispensed  with.  Alto¬ 
gether,  the  arrangement  is  ingenious  and  convenient,  and  well 
worthy  of  the  attention  of  the  amateur. 

Dr.  Wright  also  exhibits  a  very  clever  equipment  for  field  work, 
in  which  efficiency,  lightness,  and  portability,  are  admirably  com¬ 
bined. 

Many  other  excellent  articles  belonging  to  the  mechanics  of 
photography  are  found  in  the  Exhibition,  but  not  possessing  suffi¬ 
ciently  distinctive  features  to  require  detailed  description.  Amongst 
such  we  may  allude  to  camera  stands  in  iron,  by  Austin  and  by 
Solomon ;  rolling  presses  by  the  same  makers,  for  calendering  or 
giving  a  fine  surface  to  photographs,  by  passing  them  with  heavy 
pressure  between  polished  steel  rollers;  brass-bound  cameras  for 
tropical  climates,  by  Bland  &  Company,  and  others ;  developing 
holders,  and  a  host  of  minor  contrivances,  by  Solomon  and  others 
— all  belonging  to  the  every  day  requisites  of  photography. 

We  must  not  entirely  pass  by  without  mention  another  class  of 
instruments  connected  with  photography,  although  rarely  used, 
because  little  needed.  Amongst  these  we  may  mention  an  inven¬ 
tion  by  Mr.  S.  Highley,  which  we  will  describe  in  his  own  words. 
He  styles  it  a  “  photographer’s  actinometer,  by  which  the  time  of 
exposure  for  any  lens,  by  any  process,  for  any  colour  or  combina¬ 
tion  of  colours,  at  any  hour  of  the  day,  may  be  estimated.  This 
arrangement  consists  of  two  parts,  viz.,  the  mercurial  shutter  and 
the  test  object.  The  shutter  consists  of  a  narrow  cell,  formed  by 
two  plates  of  very  colourless  glass,  accurately  fitted  into  an  iron 
frame,  so  as  to  be  mercury-tight;  at  the  bottom  of  the  cell  an 
elastic  tube  is  inserted,  and  bedded  in  a  deep  groove  up  the  side  of 
the  frame.  The  other  end  of  the  tube  is  connected  with  the  top 
of  an  iron  reservoir  (in  the  model  this  is  made  of  glass)  containing 
mercury.  This  mercurial  shutter  is  placed  immediately  in  front  of 
the  Qrdinary  frame  containing  a  sensitized  plate  ;  on  the  cap  of  the 
lens  being  removed,  the  tap  of  the  reservoir  is  simultaneously  turned 
on  and  the  mercury  rushes  into  the  cell,  and  as  it  gradually  rises  it 
shuts  off  the  light  from  the  sensitized  plate.  Now  it  is  obvious 
that,  while  the  lower  part  of  the  plate  receives  a  minimum  amount 
of  exposure,  the  upper  part  receives  a  maximum  of  exposure,  con¬ 
sequently  the  lower  part  will  be  ‘  under  exposed,’  and  the  upper 
part  ‘over  exposed’  (the  instrument  being  in  proper  adjustment 
for  the  lens  and  process  employed),  while  there  will  be  a  medium 
portion  of  the  plate  that  will  show  the  best  effect  obtainable.  If 
now  a  graduated  scale  be  constructed,  it  may  be  made  to  indicate 
minutes,  seconds,  or  half-seconds  of  exposure,  by  its  divisions 


corresponding  with  given  heights  of  mercury  in  the  cell,  when  a 
given  aperture  in  the  stopcock  is  employed.  By  placing  the 
exposed  and  developed  test-plate  over  this  scale,  the  exact  amount 
of  exposure  will  be  indicated  for  the  plate  that  is  to  be  used  for 
the  object  proper. 

“  The  test  object  consists  of  a  hinged  frame,  on  the  front  of  which 
is  fixed  a  series  of  moulded  bars,  between  the  bars  a  series  of  coloured 
ribbons  or  strips  of  paper,  corresponding  with  the  colours  of  the 
solar  spectrum,  are  fixed. 

“  The  bars  show  high  lights  and  half  tints,  and  the  coloured  bands 
give  indications  as  to  the  amount  of  exposure  necessary  for  colours 
of  different  types.  Where  great  contrasts  of  colour  present  them¬ 
selves,  and  it  is  desirable  to  hit  “  the  happy  medium”  for  the  expo¬ 
sure,  samples  may  be  placed  behind  the  bars,  and  made  to  replace 
the  usual  typical  series.  Thus,  if  a  lady  presented  herself  in  a  white 
bonnet  with  maize  trimmings,  a  mauve  coloured  dress,  and  a  red 
shawl,  this  combination  of  colours  might  be  tested  for  a  medium 
exposure.  The  bars  are  made  of  polished  and  unpolished  samples 
of  deal,  oak,  mahogany,  ebony,  and  painted  wood,  so  as  to  give 
indications  for  furniture  in  ordinary  use.  The  test  object  should  be 
above  3  feet  by  2  feet  in  dimensions,  and  placed  in  the  position  the 
sitter  or  object  to  be  presently  photographed  is  to  occupy. 

“  When  the  mercurial  shutter  is  removed  from  its  groove,  the 
mercury  runs  back  into  its  reservoir.  The  shutter  and  reservoir 
can  be  instantly  placed  in  position  on,  or  removed  from,  the  camera.” 

We  have  described  in  detail  this  instrument  on  account  of  its 
ingenuity,  but  must  add  a  conviction  that  it  is  ingenuity  misapplied, 
as  the  time  necessary  for  ascertaining  the  proper  exposure  for  any 
object  by  means  of  this  actinometer  would  exceed  that  of  trying  on 
the  object  itself. 

In  this  class  we  should  also  name  another  contrivance  of  far 
higher  importance — Duboscq’s  electric  lamp,  and  the  arrangements 
for  adapting  it  to  photographic  purposes.  Some  very  admirable 
examples  of  photographic  printing  by  Nadar,  effected  by  the  electric 
light  and  the  aid  of  this  lamp,  are  exhibited  in  the  French  depart¬ 
ment.  Of  the  various  forms  of  vessels,  such  as  baths,  dishes, 
measures,  &c.,  &c.,  used  in  photography,  it  is  unnecessary  to  speak 
here.  Neither  need  we  refer  to  the  stereoscope,  as,  although  its 
use  has  become  so  popular  since  1851,  it  is  well  known,  and  in  the 
present  Exhibition  it  does  not  present  any  new  features.  It  is  time, 
moreover,  to  close  this  hasty  review  of  the  most  uoteworthy  por¬ 
tions  of  the  apparatus,  which  has  occupied  much  space,  and  proceed 
to  other  photographic  requisites. 

CHEMICALS. — The  progress  of  photography  has  developed  a 
distinct  branch  of  chemistry,  and  compounds  which  less  than  twenty 
years  ago  existed  only  amongst  the  rare  reagents  of  experimental 
chemists  are  now  manufactured  and  consumed  by  many  tons 
annually.  Since  1851  very  great  progress  has  been  made  in  this 
branch  of  chemistry,  and  the  photographer  is  now  supplied  with 
materials  for  his  delicate  chemical  operations  of  unimpeachable 
purity  in  any  quantity  he  may  require.  Taking  precedence  of  all 
others  in  its  importance  in  photographic  operations  is  nitrate  of 
silver.  The  lunar  caustic  of  commerce,  which  was  at  one  time  the 
chief  form  in  which  nitrate  of  silver  was  found,  is  far  from  suffi¬ 
ciently  pure  for  the  purposes  of  the  photographer.  To  guarantee 
successful  operations  in  the  process  of  sun  drawing,  the  nitrate  of 
silver  must  be  absolutely  pure,  and  especially  free  from  any  trace  of 
organic  matter.  It  has  been  found  amongst  photographers  a  very 
difficult  thing  to  secure  the  entire  absence  of  all  organic  or  other 
contamination.  By  far  the  largest  quantity  of  nitrate  of  silver  is 
manufactured  from  the  waste  of  the  refiner,  silver  being  generally 
easily  eliminated  from  its  alloys  with  other  metals  as  a  nitrate.  If 
the  nitrate  of  silver  procured  in  this  manner  be  very  carefully 
recrystallized,  its  purity  may  generally  be  relied  upon ;  but 
not  always.  It  has  been  suggested  that  by  the  action  of  nitric 
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acid  on  the  lumps  of  charcoal  used  to  prevent  the  solution  from 
“  bumping  ”  during  the  course  of  manufacture,  traces  of  organic 
matter  contaminate  the  resulting  crystals,  and  consequences  very 
disastrous  to  the  photographer  follow.  The  best  method  of  obtain¬ 
ing  the  salt  in  a  state  of  absolute  purity  is  unquestionably  found  in 
the  method  of  dissolving  pure  silver  in  pure  nitric  acid.  But  even 
then  entire  immunity  from  all  contamination  is  not  always  secured. 
A  large  manufacturing  firm  recently  found  that  the  nitrate  so  pre¬ 
pared  was  entirely  useless  for  photographic  purposes,  giving  that 
abnormal  reduction  which  photographers  term  fog  on  all  occasions. 
After  much  anxiety  and  careful  examination,  the  discovery  that  the 
metal  itself  which  they  had  used  as  pure  silver  contained  traces  of 
palladium,  which,  being  one  of  the  noble  metals,  and  resembling 
silver  in  its  behaviour  under  many  of  the  reagents,  had  escaped 
attention,  and  could  not  be  eliminated  by  the  processes  which  get 
rid  of  baser  metals. 

Pure  nitrate  of  silver  exists  in  two  forms — in  a  fused  mass  and 
in  crystals.  In  the  latter  form  it  is  generally  preferred  by  the  photo¬ 
grapher  if  it  be  really  pure  and  neutral,  as  it  should  be.  The  com¬ 
mercial  samples,  unfortunately,  often  contain  a  large  proportion  of 
nitric  acid,  as  may  easily  be  ascertained  by  the  smell  or  by  the  use 
of  litmus  paper.  The  size  and  appearance  of  the  crystals  are  no 
guarantee  of  their  purity,  as  the  largest  and  finest  looking  crystals 
often  contain  the  largest  proportion  of  nitric  acid.  Amongst  the 
finest  looking  samples  we  find  in  the  Exhibition  are  some  very 
perfect  crystals  exhibited  by  Messrs.  Johnson  &  Son,  which,  although 
submitted  to  the  action  of  a  very  strong  light,  show  no  signs  of 
discolouration,  and  thus  indicate  the  absence  of  organic  contamina¬ 
tion.  The  presence  of  a  large  quantity  of  nitric  acid  would,  how¬ 
ever,  aid  in  the  preservation  of  colour.  Sobering  of  Berlin  also 
exhibits  some  very  fine-looking  samples  of  the  fused  nitrate.  This 
also  preserved  its  colour  perfectly,  although,  of  course,  being  fused, 
it  is  entirely  free  from  nitric  acid. 

Some  other  salts  of  silver  are  exhibited ;  but,  as  we  have  said,  it 
is  the  nitrate  which  is  chiefly  consumed  by  photographers.  Not 
indeed  that  it  is  ever  used  as  a  sensitive  salt  itself ;  it  is  probable 
that  pure  nitrate  of  silver  is  quite  insensitive  to  light ;  but  is  used  by 
photographers  for  the  purpose  of  securing  the  various  sensitive  salts 
of  silver  they  require,  such  as  the  iodide,  the  bromide,  the  chloride, 
&c.  A  vehicle  holding  some  soluble  iodide,  bromide,  or  chloride, 
in  combination  with  a  base  such  as  sodium,  potassium,  &c.,  being 
brought  into  contact  with  a  solution  of  nitrate  of  silver,  double 
decomposition  at  once  takes  place  in  virtue  of  the  affinity  of  these 
elements — iodine,  bromine,  or  chlorine — for  silver,  and  a  salt  of 
silver  sensitive  to  the  chemical  action  of  light  is  at  once  formed. 

A  case  by  J.  Ward  &  Company  illustrates  an  interesting  anc} 
important  branch  of  photographic  chemistry — the  manufacture  of  the 
various  products  derived  from  sea-weed.  It  is  a  somewhat  remark¬ 
able  fact  that  from  sea-weed  and  sea-water  are  produced  the  elements 
without  which,  in  combination  with  silver,  the  art  of  photography 
would  not  exist — we  refer  to  iodine,  bromine,  and  chlorine,  or  their 
compounds ;  and  yet  sixty  years  ago  the  marine  alga;  were  con¬ 
sidered  so  worthless  that  they  were  scarcely  regarded  as  worthy  of 
the  cognizance  of  the  botanist.  Within  the  last  half  century  the 
kelp  produced  by  burning  of  sea-weeds  has  become  an  important 
article  of  commerce,  and  from  it  is  derived  all  the  iodine  in  use 
in  photography  and  in  pharmacy.  It  yields  iodine  and  various 
iodides,  as  well  as  various  chlorides,  and  other  important  substances. 
At  the  present  time  the  total  annual  yield  of  kelp  in  Great  Britain 
averages  about  10,000  tons,  yielding  an  annual  income  of  about 
£40,000.  The  yield  of  France  is  still  greater,  and  averages  about 
25,000,000  kilogrammes,  or  about  24,000  tons. 

The  beauty  of  the  samples  of  the  various  bromides  and  iodides 
exhibited  admirably  illustrates  the  perfection  to  which  the  manu¬ 
facture  of  those  salts  has  been  carried.  We  have  specimens  in  great 


purity  of  the  iodides  and  bromides  of  potassium,  sodium,  ammonium, 
calcium,  cadmium,  lithium,  magnesium,  arsenic,  zinc,  &c.,  each 
of  which  have  their  several  uses  or  their  several  advocates  amongst 
photographers.  Of  these  the  iodides  of  potassium,  ammonium,  and 
cadmium,  alone  or  in  combination,  and  the  bromides  of  cadmium 
and  ammonium,  appear  to  be  most  extensively  used.  The  various 
chlorides  are  illustrated  by  very  pure  specimens.  Of  these  the 
chlorides  of  sodium  and  ammonium  are  most  extensively  employed, 
although  the  chlorides  of  barium,  of  cadmium,  of  calcium,  of  mag¬ 
nesium,  and  some  others,  are  occasionally  used  by  the  photographer. 
Chloride  of  gold  is  the  photographer’s  most  important  toning  agent. 
His  paper  prints  derive  their  rich  deep  tone  from  the  deposit  of 
a  thin  film  of  gold  in  a  fine  state  of  subdivision,  and  chloride  of 
gold  is  the  agent  used  in  obtaining  this  deposit.  Some  very  fine 
examples  are  exhibited  in  Class  14,  amongst  which  we  may  espe¬ 
cially  mention  that  of  Messrs.  Horne  &  Thornthwaite,  which  is 
remarkable  for  the  beauty  of  its  crystals.  Amongst  the  reducing 
agents  used  by  photographers,  and  generally  described  as  developers, 
pyrogallic  acid  takes  a  prominent  place.  This  is  a  substance  pre¬ 
pared  from  gallic  acid,  which  but  a  few  years  ago  had  no  existence. 
It  was  first  used,  we  believe,  in  conjunction  with  nitrate  of  silver,  in 
dyeing  the  hair.  The  late  Mr.  Scott  Archer  applied  it  to  photo¬ 
graphy,  since  which  it  has  occupied  an  important  position  in  the  art. 
Some  very  beautiful  samples  are  exhibited ;  perhaps  the  finest  in 
the  building  is  that  of  Schering  of  Berlin,  filling  a  bottle  about  a 
yard,  high  and  a  foot  in  diameter.  The  feathery  crystals  are 
beautifully  white  and  pure.  A  smaller  sample  of  equal  purity  is 
shown  by  Messrs.  Hopkins  &  Williams.  Fine  specimens  of  other 
developing  agents,  such  as  gallic  acid  and  protosulphate  of  iron,  are 
also  exhibited. 

The  two  chief  fixing  agents  at  present  in  use  amongst  photo¬ 
graphers  are  hyposulphite  of  soda  and  cyanide  of  potassium.  By 
the  term  fixing  agents,  we  mean  substances  which  dissolve  from  the 
collodion  film  or  the  prepared  paper  the  portions  of  the  silver  salt 
used,  whether  iodide,  bromide,  or  chloride — those  portions  not  acted 
upon  by  light,  and  which  have  not  gone  to  form  the  picture  pro¬ 
duced.  If  these  were  not  removed,  it  is  clear  that  the  picture  would 
be  destroyed  by  the  universal  darkening  by  light  of  the  whole  sur¬ 
face  containing  the  salts  sensitive  to  light.  Hyposulphite  of  soda 
is  used  to  fix  paper  prints,  by  dissolving  out  the  unaltered  chloride 
of  silver  ;  and  it  is  used  for  fixing  negatives,  by  dissolving  out  of  the 
film  the  unaltered  iodide  and  bromide  of  silver.  Cyanide  of  potas¬ 
sium  is  also  used  for  the  latter  purpose,  and  is  more  active  than 
hyposulphite  of  soda.  It  is  to  be  regretted,  however,  that  a  salt  so 
dangerous  and  deadly  is  not  banished  from  the  laboratory.  The 
fumes  of  hydrocyanic  acid  it  evolves  are  injurious  to  inhale;  the 
action  of  the  fixing  solution  used,  on  the  slightest  abrasion  of  the 
skin,  is  most  hurtful,  and  is  often  followed  by  very  serious  conse¬ 
quences  ;  and  the  possibility  of  accident,  such  as  drinking  a  mouth¬ 
ful  of  it  by  mistake,  has  more  than  once  been  illustrated  in  the 
establishments  of  photographers.  Its  strength  as  a  poison  is  very 
great,  one  part  of  pure  cyanide  of  potassium  being,  we  believe,  as 
deadly  as  three  of  prussic  acid  of  the  strength  indicated  in  the  Lon¬ 
don  Pharmacopoeia.  As  hyposulphite  of  soda  answers  the  purpose 
to  which  cyanide  of  potassium  is  applied  with  equal  or  greater  advan¬ 
tage,  it  is  very  desirable  that  the  latter  should  be  less  extensively 
used  than  at  present.  Very  fine  examples  of  cyanide  of  potassium 
are  exhibited.  Messrs.  Hopkins  &  Williams  display  a  very  pure 
specimen  of  this  salt  in  fine  crystals,  and  some  fused  lumps  of  the 
commercial  article,  which  is  generally  more  or  less  contaminated 
with  sulphate  and  carbonate  of  potash.  Schering  of  Berlin  exhibits 
a  fine  sample  in  cylindrical  sticks.  The  same  exhibitor  has  some 
very  fine  hyposulphite  of  soda  ;  good  examples  of  which  are  shown 
in  several  other  cases. 

The  samples  of  collodion  exhibited  were  not  very  extensive,  con- 
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sidering  the  importance  of  the  preparation  in  photography.  The 
only  specimen  which  was  honoured  witli  a  medal  was  manufactured 
by  Ponting  of  Brjstol,  and  exhibited  by  Messrs.  Bland  &  Company 
of  Fleet  Street.  This  has  the  reputation  of  possessing  singular 
sensitiveness  and  stability. 

Some  samples  of  pyroxyline,  or  soluble  cotton,  are  exhibited,  and 
various  specimens  of  ethers  and  alcohols.  Of  these,  perhaps,  the 
most  interesting  and  important  is  some  methylated  spirit  by  Mr. 
Eschnege,  who  has  succeeded  in  removing  all  the  impurities  to 
which  the  peculiarly  pungent  taste  and  odour  characterize  pyroxylic 
spirit.  It  is  even  more  volatile  than  ordinary  alcohol,  boiling  at 
150°  Fahr.,  whilst  alcohol  does  not  boil  at  a  lower  temperature  than 
173°  Fahr.  This  purified  methylated  spirit  will  probably  become 
useful  for  many  purposes  for  which  pure  alcohol  is  now  used. 

There  is  a  variety  of  other  substances  occasionally  used  in  the 
laboratory  of  the  photographer,  of  which  some  fine  specimens  were 
contributed;  but  we  have  referred  to  the  majority  of  those  of  chief 
importance. 

PHOTOGRAPHIC  PICTURES. — The  application  or  results  of  an  art 
are  more  interesting  than  its  appliances  or  its  processes,  but  they 
generally  need  less  description  or  comment.  If  the  mechanical 
appliances  and  the  processes  of  photography  have  improved  since 
1851,  applied  photography  has  progressed  in  much  greater  degree, 
both  in  the  range  of  its  utility  and  in  the  excellence  of  its  results. 

It  will  not  be  necessary  to  enter  into  any  lengthened  reference  to 
the  productions  of  all  the  photographic  processes  which  have  been 
practised.  The  Daguerreotype  process  has  fallen  into  entire  disuse. 
The  Talbotype,  waxed  paper,  and  other  negative  paper  processes, 
are  now  but  rarely  employed.  Since  the  discovery  of  the  collodion 
process,  it  has  superseded  all  others  for  general  use,  both  on  account 
of  its  superior  simplicity,  its  greater  rapidity,  and  the  superiority  of 
its  results.  An  eloquent  writer  on  the  subject  says: — “Under  the 
magician  who  first  attempted  to  enlist  the  powers  of  light  in  his  ser¬ 
vice,  the  sun  seems  at  best  to  have  been  but  a  sluggard ;  under  the 
sorcery  of  Niepce  he  became  a  drudge  in  a  twelve  hours’  factory. 
On  the  prepared  plates  of  Daguerre,  and  on  the  sensitive  paper  of 
F ox  Talbot,  the  great  luminary  concentrates  his  gaze  for  a  few  earnest 
minutes;  with  the  albumen-sheathed  glass  he  takes  his  time  more 
leisurely  still;  but  at  the  delicate  film  of  collodion,  which  hangs 
before  him  fairer  than  any  fairy’s  robe,  and  potent  only  with  invisible 
spells,  he  literally  does  no  more  than  wink  his  eye,  tracing  in  that 
moment,  with  a  detail  and  precision  beyond  all  human  power,  the 
glory  of  the  heavens,  the  wonders  of  the  deep,  the  fall,  not  of  the 
avalanche,  but  of  the  apple,  the  most  fleeting  smile  of  the  babe,  and 
most  vehement  action  of  the  man.” 

Portraiture  is  now,  and  probably  will  always  be,  if  not  the  most 
important,  at  least  the  most  popular  and  most  universally  practised 
branch  of  the  art.  At  one  time  the  pencil  of  the  artist  was  deemed 
absolutely  necessary  to  finish  the  crude  productions  of  the  camera. 
Now,  however,  as  the  contributions  to  the  present  Exhibition  strik¬ 
ingly  illustrate,  pure,  untouched  photography  has  attained  a  pitch 
of  excellence  that  to  “retouch”  them  in  neutral  tints  in  the  manner 
at  one  time  common  would  he  but  to  gild  refined  gold.  Pre-emi¬ 
nent  as  illustrations  of  this  fact  are  the  vignette  portraits  of  Mr.  T. 
It.  Williams.  In  these  the  perfection  of  photographic  delineation 
and  artistic  excellence  is  attained.  Boldness,  vigour,  and  relief,  is 
united  to  delicacy,  softness,  texture,  and  modelling,  in  a  wonderful 
degree,  conferring  an  effect  of  finish  altogether  unattainable  by  the 
utmost  skill  of  manipular  drawing.  Every  minute  undulation  in 
the  model,  every  variation  of  texture,  the  turn  of  every  hair,  and 
almost  the  play  of  every  muscle,  is  rendered  with  more  than  pre- 
Raphaelite  faithfulness,  but  without  coarseness,  hardness,  or  the 
slightest  crudeness.  With  less  of  delicacy  but  more  of  massive  bold¬ 
ness  are  the  portraits  of  Mr.  D.  0.  Hill,  secretary  to  the  Scottish 
Royal  Academy  of  Arts.  The  grouping  of  Mr.  Hill  is  especially 


fine,  and  there  is  a  freshness  and  absence  of  conventionalism  in  the 
general  effect  of  his  pictures  which  is  rare  in  photographs.  M. 
Angerer  of  Vienna,  and  M.  Ken  of  Paris,  amongst  foreign  artists, 
exhibit  some  of  the  finest  examples  of  portraiture.  M.  Streigler  of 
Denmark  has  also  won  golden  opinions  by  his  exquisite  portrait  of 
England’s  future  queen — a  picture  in  which  photography  appears  to 
have  really  done  justice  to  a  charming  countenance. 

Amongst  the  most  striking  portraits  in  the  Exhibition  are  the 
enlarged  pictures  of  the  solar  camera,  some  of  which  are  of  life- 
size.  Perhaps  M.  Disderi  of  Paris  bears  the  palm  in  this  style  of 
photography.  Many  of  his  enlarged  pictures  are  admirably  per¬ 
fect,  rich  in  tone,  and  finely  modelled.  M.  Ghemar  of  Brussels 
exhibits  the  finest  single  picture  of  this  class ;  his  portrait  of  the 
“  Compte  de  Flandres  ”  possessing  a  perfection  and  delicacy  of  defi¬ 
nition  and  general  excellence  unequalled  by  anything  else  we  have 
seen.  Hansen  of  Copenhagen,  Wothly  of  Aix-la-Chapelle,  Albert 
of  Munich,  and  Numa  Blanc,  Alophe,  Darlot,  and  others,  of  Paris, 
all  show  fine  amplified  proofs.  In  this  country  the  system  of 
enlarging  has  not  been  so  successful  as  on  the  continent,  chiefly  for 
lack  of  steady  sunshine;  but  M.  Claudet,  Messrs.  Smyth  &  Blan¬ 
chard,  and  Mr.  Owen  Angel,  exhibit  some  very  fine  examples  in 
this  style. 

The  style  of  portraiture  for  which  the  public  have  exhibited 
such  a  furore  during  the  last  two  or  three  years,  is  not  the  amplified 
image  of  the  solar  camera,  but  the  diminutive  full-length,  known  as 
the  carte  de  visite.  If  we  could  furnish  exact  statistics  of  the 
number  of  these  card  portraits  issued,  we  should  hesitate  to  write 
down  the  figures,  as  they  must  appear  entirely  fabulous.  In  a 
single  portrait  establishment  in  London,  the  number  issued  annually 
exceeds  half  a  million  copies ;  whilst,  if  we  are  rightly  informed  of 
the  receipts  of  another  establishment  in  Paris,  the  number  of  por¬ 
traits  issued  in  a  year  cannot  be  short  of  a  million  copies.  It  is 
difficult  to  select  from  many  all  good  any  especial  types  of  surpass¬ 
ing  excellence,  but  we  may  mention  the  cards  of  Mr.  II.  P.  Robin¬ 
son  of  Leamington,  Mr.  Mullins  of  Jersey,  Mr.  Mayland  of  Cambridge, 
M.  Ghemar  of  Brussels,  and  some  few  in  the  French  and  Italian 
departments,  as  perfect  of  their  kind. 

The  legitimacy  of  the  attempt  to  produce  genre  pictures,  and  by 
the  aid  of  photography  express  humour  or  sentiment,  has  been 
frequently  questioned.  But  in  the  contributions  to  the  British 
department  are  examples,  which  at  least  prove  the  success  of  the 
attempt;  and  if  success  be  the  touchstone  of  legitimacy,  the  ques¬ 
tion  is  easily  decided.  Mr.  Rejlander’s  “  Night  in  London  ”  is  as 
perfect  in  the  pathos  of  its  story,  as  it  could  have  been  rendered  by 
the  pencil  of  the  painter.  A  poor  boy,  in  “  looped  and  windowed 
raggedness,”  with  the  head  bowed  down  on  his  breast,  sits  on  a 
door  step ;  the  face  is  hidden,  but  every  line  in  the  figure  suggests 
destitution  and  wretchedness.  It  is  a  true  portrait  of  the  youthful 
pariah  of  a  great  civilized  city.  But  it  is  also  unquestionably  a  bit 
of  true  art,  and  an  illustration  beyond  cavil  of  the  power  of  photo¬ 
graphy  to  tell  a  story  and  express  deep  pathos. 

The  humorous  sketches  of  the  same  artist  are  not  less  perfect  in 
their  rendering  of  ideas  and  expression  of  intention.  More  ambi¬ 
tious  in  his  aims,  and  with  more  precision  and  success  in  manipu¬ 
latory  details,  and  at  the  same  time  equal  if  different  in  artistic 
power,  another  phase  of  art-photography  is  illustrated  by  Mr.  H. 
P.  Robinson.  Mr.  Rejlander  generally  confines  himself  to  a  simple 
idea,  and  is  unequalled  in  his  rendering  of  that  idea.  Mr.  Robinson 
is  generally  more  comprehensive,  and  his  productions  more  elabo¬ 
rated.  To  illustrate  this  distinction  we  may  point  to  his  picture — 
the  only  single  figure  of  the  kind  he  exhibits — “  She  never  told  her 
Love,”  as  resembling  the  productions  of  Rejlander;  and  to  “Fading 
Away,”  which  is  an  elaboration  of  the  same  idea,  as  more  illustra¬ 
tive  of  the  characteristic  style  of  Mr.  Robinson  himself.  Both  these 
pictures  are  perfect  in  their  expression  of  sentiment.  Ilis  “Holi- 
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day  iu  the  Woods,”  and  “  Lady  of  Shalott,"  both  produced  from 
several  negatives,  are  each  exceedingly  good,  but  in  different  ways. 
The  “  Holiday  ”  is  a  charmingly  sunny  picture,  illustrating  Mr. 
Robinson’s  exquisite  skill  in  grouping,  and  giving  a  cheerful  effect 
of  holiday-making.  The  “  Lady  of  Shalott  ”  is  a  weird  and  gloomy 
picture,  which  accords  marvellously  with  the  spirit  infused  by 
Tennyson  into  that  poem.  It  is  decidedly  pre-Raphafiite  in  effect, 
and  possesses  many  of  the  beauties  and  some  of  the  blemishes  of 
this  style.  The  attempt  to  illustrate  by  an  art  so  literal  as  photo¬ 
graphy  one  of  the  most  mystic  and  fantastic  poems  of  the  Laureate 
was  a  bold  one,  and  to  say  that  it  is  considerably  more  than  half 
successful  is  to  award  it  high  praise.  We  have  recently  seen  a 
new  production  by  the  same  artist,  entitled  “  Bringing  Home  the 
May,”  which  far  eclipses  anything  of  the  kind  hitherto  effected  by 
photography.  It  will,  we  feel  convinced,  take  many  persons  who 
have  denied  the  power  of  photography  in  making  pictures  by  sur¬ 
prise,  and  gain  a  confirmation  of  the  verdict  recently  passed  on  it 
by  an  able  artist,  to  the  effect  that  “  few  painters  could  dream  such 
a  picture,  let  alone  produce  it.” 

Portraits  painted  upon  the  photograph  scarcely  come  within  the 
scope  of  our  present  notice,  but  we  may  mention  some  very  fine 
contributions  in  oil  by  Claudet,  Williams,  Mayall,  Kilburn,  and 
others;  and  in  water  by  Lock  &  Whitfield,  Gush  &  Ferguson, 
Heath  &  Beau,  and  others,  in  which  the  literal  truthfulness  of  the 
photograph  is  retained,  whilst  the  charms  of  colour  are  added. 

In  landscape  photography,  the  photographers,  whether  profes¬ 
sional  or  amateur,  of  this  country  are  in  unquestionable  advance 
of  all  others.  Francis  Bedford,  James  Mudd,  Vernon  Heath,  and 
some  others,  amongst  professional  photographers,  exhibit  pictures 
in  which  exquisite  definition,  fine  chiaroscura,  harmonious  render¬ 
ing  of  tone,  and  general  artistic  treatment,  leave  little  to  desire. 
Amongst  first-class  amateur  photographers,  whose  name  in  this 
country  is  legion,  we  may  mention  Viscountess  Jocelyn,  Sir  H.  K. 
Macdonald,  the  Earl  of  Caithness,  Joseph  Sidebotham,  Henry 
White,  Colonel  Stuart  Wortley,  Dixon  Piper,  Dr.  Hemphill,  D. 
Campbell,  and  some  others,  all  of  whom  exhibit  productions,  admir¬ 
able  as  photographs,  and  charming  as  works  of  art. 

In  architectural  photographs  Italy  takes  a  high  position,  as  the 
noble  productions  of  Cuccioni  and  of  Dovozielli  illustrate. 

One  of  the  most  interesting  branches  of  modern  photography  is 
the  production  of  instantaneous  pictures,  such  as  street  scenes,  and 
marine  pictures,  with  breaking  waves,  shipping,  fine  cloud  and 
atmospheric  effects.  In  the  production  of  a  street  scene  with 
vehicles  and  pedestrians  in  rapid  motion,  and  all  the  bustle  of  a 
London  main  thoroughfare  or  a  Parisian  boulevard,  Mr.  W.  Eng¬ 
land,  of  the  London  Stereoscopic  Company,  stands  unrivalled.  Val¬ 
entine  Blanchard  has  produced  some  very  fine  pictures  of  the  same 
class ;  but  his  specialty  is  the  production  of  those  rare  and  beauti¬ 
ful  effects  of  light  and  atmosphere  seen  sometimes  during  a  sunset 
on  the  sea-coast,  and  following  each  other  with  such  fleeting  rapidity, 
that  the  instantaneous  operation  of  the  camera  can  alone  fix  their 
transient  beauties.  These  instantaneously  caught  combinations 
of  sea  and  shipping,  and  cloud  and  sunlight,  are  wondrously  beauti¬ 
ful,  and  have  been  selected  by  Mr.  Blanchard  with  an  artist’s 
eye.  Mr.  Wilson  of  Aberdeen,  as  all  the  world  knows,  is  unsur¬ 
passed  in  producing  similar  subjects.  Warnod  of  Havre  exhibits 
some  pictures  of  this  kind  in  the  French  department,  which  we 
have  rarely  seen  equalled.  Mr.  Breese  of  Birmingham  exhibited 
some  of  the  most  charming  transparencies  for  the  stereoscope,  of 
this  class  of  subjects,  which  ever  were  witnessed ;  and  the  crowds 
of  persons  always  waiting  round  the  stands  of  stereoscopes  contain¬ 
ing  his  pictures  testify  to  the  public  appreciation.  Mr.  Breese  has 
shown  a  daring  originality  in  the  choice  of  his  subjects.  A  balloon 
in  its  ascent,  with  a  far  stretching  landscape  beneath,  and  an  atmo¬ 
sphere  full  of  delicate  clouds,  is  stereotyped  on  his  tablet.  Every 


drop  of  water  in  waves  dashing  and  breaking  against  a  rock,  and 
tumbling  headlong  in  the  foaming  cataract ;  the  sea-gull  skimming 
across  the  wave,  the  ocean  lashed  into  turbulence  by  the  tempest, 
rare  sunset  and  moonlit  views,  are  amongst  his  triumphs.  Messrs. 
Ferrier  &  Soulier  also  exhibit  very  beautiful  transparencies,  con¬ 
taining  instantaneous  street  views  of  rare  perfection. 

One  of  the  most  valuable  branches  of  the  art,  that  of  reproduction, 
whether  of  paintings  or  engravings,  is  well  illustrated  by  Mr.  Thurston 
Thompson,  of  South  Kensington  Museum,  who  is  unsurpassed  in 
this  class  of  work.  M.  Caldesi,  and  Cundall  &  Downes,  also  contri¬ 
bute  very  worthy  reproductions. 

The  photographic  enamels,  burnt  in  on  glass  or  ceramic  wares,  of 
M.  Joubert,  and  of  Lafon  de  Camarsac,  deserve  more  than  a  pass¬ 
ing  notice  did  our  space  permit.  Those  of  the  former  gentleman 
are  admirably  adapted  for  purposes  of  ornamentation,  in  the  place 
of  painted  glass.  Those  of  Camarsac  are  better  suited  for  minia¬ 
tures,  and  are  exquisitely  delicate  and  beautiful.  The  carbon  prints 
of  the  latter  gentleman,  and  of  Fargier,  Charavet,  and  some  others, 
are  also  full  of  interest.  But  we  must  hasten  to  another  subject 
which  demands  a  few  words. 

PHOTOGRAPHIC  ENGRAVING,  LITHOGRAPHING,  PRINTING,  &c. 

— The  great  reproach  of  photography  has  always  been  the  uncertain 
permanency  of  its  productions.  Upwards  of  half  a  dozen  years  ago 
a  committee  was  formed  at  the  suggestion  of  the  late  Prince  Consort 
for  the  purpose  of  considering  the  causes  to  which  fading  was  due, 
and  to  suggest  a  remedy.  Very  little  practical  result  seemed  to 
follow  the  labours  of  this  committee.  One  fact  alone  seemed  to  be 
established,  namely,  that  photographs  were  not  inherently  unstable, 
inasmuch  as  some  of  the  earliest  proofs  produced  by  the  art  were 
then  and  are  to  this  day  quite  perfect,  whilst  some  were  entirely 
faded.  If  one  proof  remained  perfect,  it  proved  that  all  might 
remain  so  ;  that  fading  was  accidental  and  not  inherent. 

The  desire  for  absolute  certainty  as  to  the  permanency  of  photo¬ 
graphs  has  led  to  many  attempts  to  produce  prints  by  other  means 
than  the  salts  of  silver  usually  employed. 

A  variety  of  other  processes  to  secure  permanency  have  been 
tried,  but  for  some  time  past  a  strong  conviction  has  been  felt  of  the 
importance  of  producing  by  the  aid  of  photography  printing  surfaces 
in  relief  or  intaglio  capable  of  yielding  impressions  in  printing  ink  by 
the  aid  of  the  ordinary  letter-press,  lithographic,  or  copper-plate 
presses. 

Photo-zincography. — Similar  to  the  process  of  Colonel  Sir  H. 
James  (see  pp.  563  and  564)  is  that  of  Mr.  J.  W.  Osborne,  adopted 
in  the  production  of  the  Government  maps  and  plans  in  the  colony  of 
Victoria,  for  the  invention  of  which  that  Government  awarded  Mr. 
Osborne  a  sum  of  £1000.  The  process  is  one  which  promises  the 
greatest  degree  of  success  and  the  most  important  economic  results. 

In  another  process  of  photolithography,  now  in  use  at  the  Imperial 
Printing  Office  in  Vienna,  the  operation  is  conducted  direct  on  the 
stone,  asphaltum  being  used  in  place  of  organic  matter  and  a  salt  of 
chromium.  The  polished  surface  of  the  stone  is  coated  with  one  part 
of  powdered  asphaltum  dissolved  in  thirty  parts  of  chloroform  ;  when 
dry  the  negative  is  placed  upon  it  and  exposed  for  three  hours  in 
the  sun,  taking  especial  care  that  close  contact  is  preserved ;  the 
negative  is  removed,  and  oil  of  turpentine  and  at  the  same  time 
water  is  quickly  poured  upon  the  stone  ;  when  dry  it  is  ready  to  be 
handed  to  the  lithographic  printer,  who  first  gums  it  in  and  then 
applies  ink  by  the  roller  as  if  he  intended  to  take  impressions. 
When  the  stone  is  perfectly  inked  it  is  to  be  slightly  etched  and 
again  gummed,  which  completes  the  operation.  There  are  a  variety 
of  other  processes  of  photolithography  and  lithographic  engraving 
which  are  represented  by  the  results  in  their  Exhibition,  but  which 
it  is  unnecessary  to  detail.  The  following  is  a  summary  of  the 
chief  inventors  of  photolithographic  processes,  with  the  dates  of  their 
respective  inventions : — 
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On  stone  direct,  using  asphaltum  as  the  sensitive  surface  on  the 


stone — 

2.  MM.  Lemercier,  Lerebours,  Barreswil,  and  Davanne,  Paris  .  .  1853 

3.  Mr.  Macpherson,  Rome  ........  1855 

7.  Printing  Office,  Vienna  ........  1859 

M.  Negre,  Paris  .........  1859 

On  stone  direct,  using  gelatinous  substances  with  bichromate  of 
potash  on  the  stone — 

4.  M.  Poitevin,  Paris  .  .  .  .  .  .  .  .  .1855 

6.  Cutting  &  Bradford,  Boston,  U.S.  ......  1858 

On  photographic  “  transfer  paper,”  using  gelatinous  substances 
and  gum  with  bichromate  of  potash  on  the  paper — 

8.  M.  Asser,  Amsterdam  ........  1859 

9.  Mr.  Osborne,  Melbourne  .......  1859 

10.  Colonel  Sir  H.  James,  Southampton  (Ordnance  Survey)  .  .  1860 

Other  processes — 

1.  M.  Jobard,  on  stone  and  zinc  direct  with  the  help  of  iodine,  Brussels  1840 

11.  Mr.  Austen  A.  Turner,  Boston  .......  1860 

10.  Mr.  John  Pouncey,  Dorchester  ......  1859 

5.  MM.  Rousseau  &  Masson,  on  stone  direct  with  gelatine  and  bichro¬ 

mate  of  ammonia,  &c.,  France  ......  1856 

Dr.  H.  Ilalleur,  Bochum,  on  stone  direct,  two  processes,  one  with 

oxalate  of  iron,  the  other  with  asphaltum  ....  1854 


The  value  of  these  processes  up  to  the  present  time  consists  in 
the  reproduction  of  subjects  devoid  of  half  tone  or  gradation  of  tint, 
in  the  usual  photographic  seuse  of  the  word. 

Whatever  is  capable  of  being  produced  in  lines  or  dots,  by  hatching 
or  stippling,  these  processes  render  with  admirable  accuracy,  and 
reproductions  of  maps,  engravings,  manuscripts,  &c.,  are  effected 
with  wonderful  perfection.  Copies  of  old  and  rare  engravings  and 
manuscripts,  fac -similes  of  old  editions,  &c.,  are  all  suitable  for  these 
processes ;  and  a  number  of  Hogarth’s  and  other  valuable  engravings, 
some  old  editions,  Domesday-book,  and  some  other  similar  things, 
have  been  reproduced  and  published  with  very  satisfactory  results. 
Specimens  of  the  various  processes  by  Colonel  Sir  H.  James,  Mr. 
Osborne,  Mr.  Fox  Talbot,  Mr.  Paul  Pretsch,  Mr.  Ramage,  Mr. 
Contencin,  Mr.  Pouncey,  Messrs.  Walker  &  Son,  Mr.  Field,  M. 
Poitevin,  M.  Lemercier,  M.  Negre,  and  some  others,  are  amongst 
the  photolithographic  contributions  to  the  Exhibition. 

We  have  not  referred  to  the  details  of  processes,  wet  and  dry, 
&c.,  &c.,  in  this  notice  ;  our  business  being  rather  with  results,  than 
with  the  different  methods  of  obtaining  them,  especially  where  the 
difference  has  consisted  rather  in  varying  convenience  of  the  methods 
than  in  the  specialty  of  the  productions. 


3.  MANUFACTURE  OF  NEW  DYES— THE  COAL-TAR 
DYES. 


By  William  Odling,  Esq.,  M.B.,  F.R.S. 


HE  acid  named  picric  acid  was  the  only  one 
of  all  the  colouring  matters  now  prepared  from 
coal-tar  known  to  chemists  in  1851,  and 
even  it  had  not  at  that  time  been  em¬ 
ployed  as  a  dye-stuff,  or  for  any  useful 
purpose.  The  first  purple  colour,  or 
mauve,  was  discovered  by  Mr.  Perkin  in 
1856,  and  the  first  red  colour,  or  magenta,  by 
Mr.  Veguin  in  1858. 

Among  the  very  numerous  constituents  of 
coal-tar,  the  following  only  have  a  practical 
interest  as  colour-producing  bodies,  namely, 
the  alkalies,  chinoline  and  aniline,  the  neutral  hydrocarbons, 
naphthaline,  and  1  en’.ene  with  its  homologues,  and  the  acidulous 


compound  known  as  phenol  or  carbolic  acid.  Between  benzene 
C6H6,  phenol  C6HaO,  and  aniline  C6H7N,  there  subsist  the  same 
relations  as  between  hydrogen  H2.  water  II20,  and  ammonia  II3N. 
Benzene  is  usually  regarded  as  hydride  of  phenyl  C6H5.H  ;  phenol 
as  hydrate  of  phenyl  C6H5  HO ;  and  aniline  as  amide  of  phenyl 
C6H5  H2N ;  or  as  phenylated  hydrogen,  phenylated  water,  and 
phenylated  ammonia  respectively.  Benzene  is  readily  convertible 
into  either  phenol  or  aniline,  and  aniline  reconvertible  into  either 
phenol  or  benzene,  but  at  present  there  are  no  known  means  of  con¬ 
verting  phenol  into  either  benzene  or  aniline.  The  discovery  of  a 
means  for  producing  this  conversion  on  a  manufacturing  scale,  would 
prove  highly  advantageous,  phenol  being  among  the  most  abundant 
of  all  coal-tar  products. 

BENZENE. — This  hydrocarbon,  though  not  directly  available  for 
the  production  of  colour,  is  indirectly,  through  its  transformation 
into  aniline,  by  far  the  most  important  source  of  the  coal-tar  dyes. 
It  was  originally  discovered  by  Faraday  in  the  year  1825,  among 
the  liquid  products  resulting  from  the  compression  of  oil  gas.  In 
1834,  Mitscherlich  showed  that  when  benzoic  acid  was  distilled  with 
excess  of  caustic  lime,  Faraday’s  hydrocarbon  was  produced  as  a 
colourless  volatile  liquid,  thus:  C7H602  —  C02  —  C6H6;  whence 
the  name  benzene,  or  benzol.  In  1844-45,  Hofmann  recognized 
the  presence  of  benzene  in  coal-tar ;  and  in  1 848,  his  gifted  pupil, 
Mansfield,  who  some  time  after  lost  his  life  through  an  accident 
occurring  in  the  further  pursuit  of  this  investigation,  first  extracted 
benzene  from  coal-tar,  and  by  a  process  substantially  the  same  as 
that  now  employed.  Recognizing  in  coal-tar  an  abundant  source  of 
benzene,  and  in  benzene  itself  a  substance  of  the  utmost  utility,  he  first 
directed  public  attention  to  the  commercial  value  of  the  hydrocarbon, 
until  then  a  mere  chemical  curiosity,  and  must  ever  be  looked  upon 
as  a  great  pioneer  of  the  aniline  industry.  Benzene  is  procured 
commercially  by  the  following  process  : — Ordinary  coal-tar  is  placed 
in  iron  stills  of  1000  to  1500  gallons  capacity,  and  distilled  by  direct 
steam.  When  the  distillate  acquires  a  specific  gravity  of  (>910,  it 
is  pumped  into  a  second  smaller  still,  and  redistilled  in  the  same 
manner.  This  product  is  known  as  rough  naphtha,  and  constitutes 
from  5  to  10  per  cent,  of  the  tar  employed.  It  is  purified  by  agita¬ 
tion,  with  one-tenth  of  its  bulk  of  oil  of  vitriol,  at  one  or  two  opera¬ 
tions,  and  after  subsidence,  is  washed  with  caustic  soda  solution, 
and  rectified.  A  very  convenient  rectifier  for  the  purpose  is  figured 
in  Mr.  Greville  Williams’  article  “  Naphtha-Coal,”  in  Ure’s  “  Dic¬ 
tionary  of  Arts  and  Manufactures.”  Pure  benzene  is  a  colourless, 
highly  refringent  liquid,  having  a  characteristic  gas-like,  but  not 
unpleasant  smell.  Its  specific  gravity  is  0.85.  It  boils  at  81°  C. 
(177°  Fahr.),  freezes  into  a  solid  mass  at  0°  C.  (32°  Fahr.),  and 
remelts  at  the  same  temperature.  It  is  scarcely  at  all  soluble  in 
water;  freely  soluble  in  wood-spirit,  alcohol,  and  ether.  It  is  a 
ready  solvent  for  caoutchouc,  gutta  percha,  wax,  essential  oils,  and 
fatty  bodies,  but  does  not  readily  dissolve  the  resins,  save  by  the 
aid  of  heat.  When  acted  on  by  nitric  acid,  it  is  converted  into 
nitrobenzene,  the  production  of  which  is  a  necessary  stage  in  the 
metamorphosis  of  benzene  into  aniline. 

NITROBENZENE  was  discovered  by  Mitscherlich  in  1835,  who 
produced  it  by  the  action  of  fuming  nitric  acid  upon  the  benzene 
obtained  from  benzoic  acid,  the  reaction  being  as  follows : — 

C6H6H  -).  N02HO  =  C6H6N02  +  H20. 

It  was  first  prepared  on  a  large  scale  by  Mansfield,  who  allowed 
coal-tar  benzene  and  concentrated  nitric  acid  to  drop  continuously 
from  two  separate  funnels  into  a  large  upright  coil  of  glass  tubing, 
within  which  the  reaction  took  place  without  any  great  rise  of  tem¬ 
perature,  owing  to  the  gradual  mixture  and  consecutive  cooling 
which  the  arrangement  involved.  Nowadays  when  nitrobenzene  is 
manufactured  on  an  immense  scale,  various  modifications  of  the 
process  are  adopted.  Sometimes  Mansfield’s  glass  coil  is  replaced 
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by  one  of  porcelain  or  stoneware,  while  sometimes  the  reaction  is 
effected  in  ordinary  pans.  Moreover,  a  mixture  of  commercial 
nitric  acid  with  half  its  bulk  of  oil  of  vitriol,  is  often  substituted  for 
the  most  concentrated  nitric  acid.  The  product  of  the  reaction  is 
treated  with  excess  of  water,  whereby  the  nitrobenzene  is  precipitated 
as  a  heavy  yellow  oil,  which  is  then  washed  with  solution  of  carbonate 
of  sodium.  Nitrobenzene  has  a  sweetish  taste,  and  an  odour  resem¬ 
bling  that  of  bitter  almond  oil,  as  a  substitute  for  which,  in  coarse 
perfumery,  it  was  originally  prepared  commercially.  It  is  still 
employed  under  the  name  of  essence  of  mirbaue.  It  is,  when  pure, 
a  pale  yellow,  oily,  substance,  of  specific  gravity  1'209.  It  freezes 
at  3°  C.  (37.5°  Fahr.),  boils  at  213°  C.  (415.5°  Fahr.),  and  though 
apt  to  explode,  may  with  care  be  distilled  unaltered.  When  acted 
upon  with  nascent  hydrogen,  it  is  converted  into  auiline,  to  which 
body  we  will  now  direct  our  attention. 

ANILINE. — Unverdorben,  in  1826,  discovered  among  the  products 
of  the  destructive  distillation  of  indigo,  an  oily  base  which  he  named 
crystalline ,  from  its  characteristic  property  of  forming  crystalline 
compounds.  Some  years  later,  in  1834,  Runge  obtained  from  coal- 
tar  an  oily  base,  which  he  termed  Jcyanol,  on  account  of  its  reacting 
with  chloride  of  lime  to  produce  a  transient  violet-blue  colour.  In 
1840,  Fritsche  obtained  from  the  indigo  products  isatine  and  anthrau- 
ilic  acid,  by  well-defined  reactions,  a  large  quantity  of  an  oily  base, 
of  which  he  ascertained  the  composition  and  established  the  formula. 
He  gave  it  the  name  of  aniline,  from  anil,  the  Portuguese  word  for 
indigo.  Soon  after,  in  1842,  Zinin  produced  a  basic  oil  by  the 
reduction  of  nitrobenzene,  which  he  called  benzidam,  or  amide  of 
benzene;  while  Hofmann,  in  1843,  first  showed  in  a  satisfactory 
manner  that  all  four  substances — crystalline,  kyanol,  aniline,  and 
benzidam  were  identical. 

Although  the  proportion  of  aniline  existing  in  coal-tar  is  very 
minute,  yet  it  may  be  obtained  therefrom  in  quantity  sufficient  for 
chemical  examination  if  not  for  manufacturing  purposes,  as  shown 
more  particularly  by  Hofmann.  The  heavy  oil  of  coal-tar  is  agi¬ 
tated  with  aqueous  hydrochloric  acid,  which  dissolves  out  the  bases, 
auiline  and  quinoline.  The  mixed  hydrochlorates  so  produced  are 
purified  by  a  somewhat  complex  process,  decomposed  by  lime  or 
potash,  and  the  liberated  aniline  separated  from  the  quinoline,  than 
which  it  is  much  more  volatile,  by  fractional  distillation. 

At  the  present  time  aniline  is  always  procured  from  nitrobenzene 
by  a  slight  modification  of  Zinin’s  original  process.  The  trans¬ 
formation,  expressed  in  its  most  simple  terms,  is  as  follows : — 

Ha  4-  C6H6N02  =  2H20  +  C6H6NH2,  or  C6H7N. 

Zinin  effected  the  reduction  by  means  of  sulphuretted  hydrogen, 
Hofmann  employed  a  mixture  of  zinc  and  hydrochloric  acid,  while 
Bechamp,  in  1854,  first  pointed  out  the  agent  now  almost  invariably 
employed,  namely,  a  mixture  of  iron  filings  and  acetic  acid.  Equal 
parts  of  aniline  and  acetic  acid  are  mixed  together,  and  another  equal 
part  of  iron  filings  gradually  added.  Sometimes  the  aniline  as  it  is 
produced  during  the  reaction  is  driven  over  directly  from  the  mixture. 
Sometimes  the  mixture  is  allowed  to  set  into  a  semi-solid  mass, 
which  is  afterwards  distilled  from  variously  constructed  iron  retorts, 
either  alone  or  mixed  with  lime.  The  condensed  liquid  is  re-dis- 
tilled,  and  the  fraction  boiling  between  175°  and  190°  C.  (347°-374° 
Fahr.),  collected  apart.  This  constitutes  commercial  aniline,  which 
usually  occurs  in  the  form  of  a  pale  brownish  oily  liquid.  Pure 
aniline  is  at  first  quite  colourless,  but  has  a  strong  tendency  to  become 
brown  by  exposure  to  light  and  air.  Its  specific  gravity  is  1'028, 
its  boiling  point  182°  C.  (361°  Fahr.) 

Very  fine  specimens  of  benzene,  nitrobenzene,  dinitrobenzene, 
and  aniline  are  shown  by  many  exhibitors,  particularly  by  Holliday 
(United  Kingdom,  529),  G.  Miller  &  Company  (United  Kingdom, 
568),  R.  Rumney  &  Company  (United  Kingdom,  592,  593),  and  by 
the  great  aniline  colour  houses  Perkin  &  Sons  (United  Kingdom, 


581),  Simpson,  Maule,  &  Nicholson  (United  Kingdom,  600), 
Gninon,  Marnas,  &  Bonnet  (France,  167),  and  Renard  Brothers 
&  Franc  (France,  178). 

ANILINE  PURPLE. — The  colorific  tendencies  of  aniline  had  all 
along  forced  themselves  upon  the  notice  of  the  different  chemists 
who  worked  with  that  body.  Glass  bottles  and  chemical  vessels 
standing  in  the  vicinity  of  aniline  were  seen  to  become  gradually 
covered  with  a  peculiar  bluish-green  substance ;  while  the  violet- 
blue  reaction  of  aniline  with  chloride  of  lime  had  long  served  as  a 
laboratory  test  for  the  presence  of  the  alkaloid ;  but  it  was  not  until 
1856,  when  Mr.  Perkin  succeeded  in  preparing  his  now  celebrated 
purple  dye,  that  any  aniline  colour  received  an  industrial  application. 
Mr.  Perkin’s  process  for  obtaining  aniline  violet,  or  mauve,  is  as 
follows  : — A  cold  dilute  solution  of  sulphate  of  aniline  is  mixed  with 
a  cold  dilute  solution  of  bichromate  of  potassium,  the  whole  well 
stirred  and  allowed  to  stand  for  ten  or  twelve  hours,  when  the  result¬ 
ing  black  precipitate  is  collected  upon  a  filter,  washed  with  cold 
water,  and  dried.  The  dried  substance  is  first  digested  with  benzene, 
which  extracts  a  brownish-black  tarry  substance,  and  afterwards 
boiled  with  spirit  of  wine  or  methylated  spirit,  which  dissolves  the 
colouring  matter.  By  distillation  the  spirit  is  recovered,  and  the 
mauve  left  behind  as  a  blue-black  resinoid  mass,  having  a  peculiar 
yellowish  metallic  iridescence.  Sometimes  the  precipitate  pro¬ 
duced  by  the  bichromate  and  aniline  salt,  after  being  washed  with 
cold  water,  is  repeatedly  boiled  with  large  quantities  of  acidulated 
water,  until  no  more  colouring  matter  is  dissolved.  The  hot  liquids 
are  filtered,  evaporated  down,  precipitated  with  caustic  soda,  and  the 
precipitate  washed  with  cold  water.  Occasionally  this  precipitate 
is  re-extracted  with  boiling  water,  and  reprecipitated  with  caustic 
soda.  The  washed  precipitate  constitutes  mauve  paste.  After 
drying,  dissolving  in  alcohol,  and  evaporating  down,  it  is  produced 
in  the  resinoid  form, 

The  constitution  of  aniline  violet  or  tyraniline  is  unknown,  but 
it  has  been  obtained  in  a  crystalline  condition,  and  is  evidently  a 
definite  chemical  compound,  It  contains  nitrogen,  and  seems  to  be 
a  feeble  base.  It  is  soluble  to  a  very  small  extent  in  cold  water, 
much  more  soluble  in  acidulated  water,  and  in  boiling  water,  from 
which  solutions  it  is  precipitated  by  alkalies.  It  is  very  soluble  in 
alcohol,  nearly  insoluble  in  benzene  and  ether.  It  dissolves  in 
concentrated  sulphuric  acid  with  production  of  a  dingy  green  liquid, 
which  on  slight  dilution  becomes  of  a  splendid  blue,  and  on  further 
dilution  re-assumes  its  characteristic  mauve  colour.  The  tinctorial 
power  of  tyraniline  is  extremely  great,  it  possesses  a  high  degree 
of  stability,  and  when  well  prepared  furnishes  tints  of  the  greatest 
purity,  as  shown  in  the  beautiful  and  varied  specimens  exhibited 
by  Mr.  Perkin.  These  qualities  render  tyraniline  an  extremely 
valuable  dye ;  the  orchil  purples,  though  perhaps  equally  brilliant, 
being  very  unstable.  Since  the  publication  of  Mr.  Perkin’s  patent, 
various  other  processes,  more  or  less  successful,  have  been  devised 
for  producing  aniline  purple,  by  treating  aniline  or  its  salts  with  a 
great  variety  of  oxidizing  agents,  among  which  may  be  mentioned 
chloride  of  lime  (Beale  &  Kirkman — Bolley),  peroxide  of  manganese 
(Kay),  peroxide  of  lead  (Price),  manganate  of  potassium  (Williams), 
ferricyanide  of  potassium  (Smith),  and  sodio-chloride  of  copper 
(Dale  &  Caro).  This  process  with  chloride  of  lime  is  more  econo¬ 
mic  than  that  with  bichromate  of  potassium,  but  the  colour  of  the 
product  is  less  fine,  having  more  of  a  reddish  tint. 

Specimens  of  aniline  purple  and  fabrics  dyed  therewith  are 
exhibited,  not  only  by  Perkin  &  Sons  (United  Kingdom,  581),  who 
certainly  make  the  finest  display,  but  also  by  Fayolle  &  Company 
(France,  171),  Renard  Brothers  &  Franc  (France,  175),  Knosp 
(Zollverein,  2887),  and  many  others. 

ANILINE  RED. — The  discovery  of  aniline  red  is  much  more 
recent  than  that  of  aniline  purple,  which  indeed,  although  barren  of 
commercial  results  till  1856,  may  date  from  the  observation  of 
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Runge  in  1834,  as  we  have  seen.  The  red  colour  seems  first  to 
have  been  noticed  by  Natanson  in  1856,  while  examining  the 
action  of  Dutch  liquid  upon  aniline,  and  its  existence  was  very 
clearly  established  by  Hofmann  in  1858,  when  studying  the  beha¬ 
viour  of  tetrachloride  of  carbon  with  aniline.  He  then  spoke  of  it 
as  “  a  very  soluble  substance,  of  a  magnificent  crimson  colour.” 
But  the  original  preparation  of  aniline  red  on  a  commercial  scale  is 
due  to  Messrs.  Verguin,  Renard,  &  Franc,  of  Lyons,  whose  process 
of  manufacture  was  published  early  in  1859.  A  mixture  of  tetra¬ 
chloride  of  tin  with  excess  of  aniline,  about  six  parts  of  the  former  to 
ten  of  the  latter,  is  gradually  heated,  whereby  the  pasty  mass  becomes 
liquefied  and  dark  in  colour;  but  before  the  boiling  temperature 
is  attained,  a  rich  crimson  makes  its  appearance,  so  intense  as  to 
render  the  mass  of  liquid  apparently  quite  black.  The  ebullition  is 
maintained  for  fifteen  or  twenty  minutes,  and  the  product,  after 
cooling,  exhausted  with  large  quantities  of  boiling  water,  whereby 
a  magnificent  red  solution  is  obtained,  which  may  be  employed  at 
once  for  dyeing  silk  or  wool.  But  the  colour  is  usually  submitted 
to  the  following  mode  of  purification  : — The  concentrated  red  liquor 
is  boiled  with  a  little  carbonate  of  sodium,  and  then  saturated  with 
common  salt,  whereby  the  colouring  matter  is  precipitated  in  a  pasty 
state,  and  may  then  be  dissolved  in  water,  alcohol,  or  acetic  acid. 

The  process  of  Messrs.  Renard  &  Franc  has  been  succeeded  by 
very  many  others,  among  which  the  most  practically  useful  consist 
in  the  treatment  of  aniline  with  nitrate  of  mercury  (Gerber-Keller), 
and  in  the  treatment  of  aniline  with  arsenic  acid  (Medlock).  M. 
Keller  adds  gradually  seven  or  eight  parts  of  dry  mercuric  nitrate  to 
ten  parts  of  aniline,  and  heats  the  mixture  in  a  water  bath  for  a 
period  of  about  eight  hours,  whereby  the  mercury  is  reduced  to  the 
metallic  state,  and  a  fine  violet  red-coloured  product  obtained.  But 
the  process  which  in  this  country  has  been  most  employed,  and 
which  has  led  to  the  manufacture  of  aniline  red  on  a  scale  unparal¬ 
leled  for  its  extent  and  perfection,  both  as  regards  chemical  and 
chromatic  purity,  is  that  with  arsenic  acid.  On  18th  January,  1860, 
Medlock,  and  on  26th  January,  1860,  Nicholson,  each  lodged  a  pro¬ 
visional  specification  in  the  English  Patent  Office  for  the  use  of 
arsenic  acid,  but  by  reason  of  Medlock’s  priority  the  patent  of  Nichol¬ 
son  was  not  proceeded  with.  On  26th  May,  1860,  Messrs.  Girard 
&  De  Laine,  without  any  knowledge  of  the  independent  experiments 
of  Messsrs.  Medlock  and  Nicholson,  took  out  a  patent  in  France  for 
the  use  of  the  same  reagent.  The  arsenic  acid  process  is  conducted 
as  follows : — The  acid  is  thoroughly  well  mixed  with  an  excess  of 
aniline,  whereby  a  semi-solid  paste  is  produced,  which  is  gradually 
heated  for  some  hours  until  a  deep  crimson — almost  black — liquid 
is  obtained,  which  on  cooling  solidifies  into  a  hard  mass  having  a 
peculiar  bronze-like  lustre.  This  mass  is  dissolved  in  boiling  water, 
and  the  colouring  matter  precipitated  from  the  solution  with  caustic 
soda.  The  precipitate,  after  purification  by  special  processes,  is 
dissolved  in  acetic  acid,  and  the  acetic  solution  either  sold  at  once 
for  dyeing,  or  evaporated  down  so  as  to  crystallize. 

A  few  other  processes  for  making  aniline  red  may  be  briefly 
referred  to.  Messrs.  Lauth  &  Depouilly  carefully  heat  to  a  tem¬ 
perature  not  exceeding  150°  C.  (302°  Fahr.)  a  mixture  of  nitrate  of 
aniline  with  aniline,  that  is  to  say,  of  nitric  and  with  excess  of 
aniline,  when,  after  several  hours,  a  mass  of  a  fine  violet-red  colour  is 
produced.  But  this  process  is  difficult  to  manage  on  a  large  scale, 
the  materials  often  reacting  with  great  violence,  and  even  producing 
deflagration. 

Messrs.  Laurent  &  Castelhaz  very  ingeniously  produce  a  form  of 
aniline  red  directly  from  nitrobenzene  at  one  operation,  by  heating  the 
nitrobenzene  with  ferrous  chloride,  or  a  mixture  of  iron  filings  and 
hydrochloric  acid.  The  nitrobenzene  and  ferrous  chloride  first  react 
to  form  aniline  and  ferric  chloride,  which  products  then  react  upon 
one  another  to  form  a  particular  variety  of  aniline  red,  termed  by  the 
discoverers  erythrobenzol.  Messrs.  Renard  &  Franc  patent  the  use 


not  only  o  '  tetrachloride  of  tin,  as  previously  described,  but  of  very 
many  other  reagents,  while  M.  Gerber-Keller  (Heilmann’s  provi¬ 
sional  specification  in  England)  claims  to  use  exclusively  the  greater 
part  of  all  the  mineral  compounds  known  to  chemists,  many  of 
which  are  perfectly  inoperative  for  the  production  of  colour. 

Messrs.  Dale  &  Caro  have  patented  the  action  of  nitrate  of  lead, 
and  Mr.  Smith  that  of  pentachloride  of  antimony  and  some  other 
reagents. 

Dr.  Hofmann,  to  whose  researches  on  the  chemical  history  of 
aniline  both  science  and  industry  are  so  deeply  indebted,  makes  the 
following  observations  upon  the  purification  of  aniline  red,  in  his 
Jury  Report  of  Class  II.,  a  pToof  of  which  he  has  kindly  forwarded  to 
the  author  of  this  article,  who  acknowledges  with  thanks  the  great 
assistance  which  it  has  afforded  him  : — 

“  Without  entering  too  deeply  into  technical  details,  we  may 
describe,  in  a  few  words,  the  method  of  purification  which  is  appli¬ 
cable  to  almost  all  the  crude  aniline  reds. 

“  The  crude  colours  still  contain  some  undecomposed  aniline 
which  is  volatile  when  free  ;  they  contain  tarry  matters,  some 
insoluble  in  water  and  dilute  acids,  others  soluble  in  bisulphide  of 
carbon,  naphtha,  or  in  caustic,  or  carbonated  alkalies. 

“  If,  therefore,  the  crude  red  be  boiled  with  an  excess  of  alkali, 
the  excess  of  undecomposed  aniline  is  expelled,  and  the  acid  which 
exists  in  the  product  fixed.  The  red  colouring  matter  is  scarcely 
dissolved. 

“  On  treating  the  slightly  washed  residue  with  boiling  water, 
acidulated  with  a  mineral  acid,  the  red  is  dissolved,  whilst  certain 
tarry  matters  remain  insoluble.  If  the  boiling  solution  be  filtered 
and  saturated  with  an  alkali,  the  colouring  matter  is  precipitated  in 
a  tolerable  state  of  purity.  This  precipitation  may  be  hastened  by 
dissolving  common  salt  in  the  saturated  solution. 

“  By  once  more  redissolving  the  precipitated  red  (which  by  this 
time  has  attained  already  a  very  satisfactory  degree  of  purity),  in 
an  acid,  not  employed  in  excess,  a  solution  is  obtained  which  fre¬ 
quently  crystallizes,  or  from  which  the  pure  red  may  be  thrown 
down  by  a  new  addition  of  chloride  of  sodium  or  other  alkaline  salt.” 

The  constitution  of  aniline  red,  unlike  that  of  aniline  purple,  is, 
thanks  to  the  manufacturing  skill  of  Mr.  Nicholson,  and  the  labo¬ 
ratory  research  of  Dr.  Hofmann,  very  well  established.  Aniline 
red  is  the  salt  of  an  organic  base  called  rosaniline.  The  magnificent 
magenta  crowns  exhibited  by  Messrs.  Simpson,  Maule,  &  Nicholson 
are  composed  of  acetate  of  rosaniline,  while  the  French  magentas 
are  for  the  most  part  composed  of  hydrochlorate  or  nitrate  of 
rosaniline.  Rosaniline  itself  is  a  well-defined  organic  base,  the  for¬ 
mula  of  which,  as  determined  by  Hofmann,  is  C^H^Ns,  or  in 
the  hydrated  state,  CjoH,9NsH20.  It  belongs  to  that  particular 
class  of  ammonia  bases  known  as  triamines  or  triple  ammonias, 
and  is  capable  of  uniting  with  one,  or  two,  or  three  atoms  of  acid. 
It  is  itself  colourless  when  freshly  prepared,  but  by  exposure  to 
air  acquires  a  rose  and  finally  a  red  colour.  The  monacid  salts 
alone  possess  the  magnificent  crimson  colour  with  which  all  are  now 
so  well  acquainted.  This  colour  is  best  seen  in  solutions  of  the 
salts,  or  in  silks  and  wools  dyed  therewith.  The  solid  salts,  which 
are  of  a  highly  crystalline  habit,  appear  usually  of  a  lustrous  metallic 
green  by  reflected  light,  and,  when  sufficiently  thin,  of  a  deep  crimson 
by  transmitted  light. 

Messrs.  Simpson,  Maule,  &  Nicholson,  in  addition  to  their  splen¬ 
did  crowns  of  the  monacetate,  also  exhibit  in  a  finely  crystallized 
state  the  hydrochlorate,  sulphate,  chromate,  arsenate,  tartrate,  and 
picrate  of  rosaniline.  The  tannate  of  rosaniline  is  amorphous — 
quite  insoluble  in  water,  but  readily  soluble  in  spirit.  Solutions  of 
rosaniline  salts  too  poor  for  concentration  may  be  precipitated  by 
infusion  of  nut-galls,  and  the  precipitated  tannate  of  rosaniline  col¬ 
lected,  washed,  and  dried.  Unlike  most  other  rosaniline  salts,  the 
tannate  preserves  its  crimson  red  colour  in  a  solid  state.  It  is 
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this  tannate  which  is  formed  on  magenta-dyed  cotton  goods  which 
have  been  mordanted  with  tannin.  The  di-  and  tri-acid  salts  of 
rosaniline,  which  are  both  somewhat  unstable,  have  not  at  present 
any  commercial  interest.  The  tri-acid  salts,  which  crystallize 
well,  are  of  a  yellow  brown  colour,  both  in  the  solid  state  and  in 
solution.  Hence  the  crimson  colour  of  magenta  is  destroyed  both 
by  strong  acids  and  alkalies — alkalies  precipitating  the  colourless 
base,  and  acids  forming  a  yellow  brown  tri-acid  salt. 

In  addition  to  the  display  by  Simpson,  Maule,  &  Nicholson  of 
Loudon  (United  Kingdom,  600),  very  fine  specimens  of  aniline  red 
are  exhibited  by  Renard  &  Franc  of  Lyons  (France,  175),  and  by 
M.  Muller  &  Company  of  Basle  (Switzerland,  16). 

ANILINE  YELLOW. — Among  the  secondary  products  formed  in 
the  process  of  making  aniline  red,  Mr.  Nicholson  has  succeeded  in 
isolating  a  yellow  colouring  matter  of  great  beauty,  which  dyes  silks 
and  wools  of  a  splendid  golden  yellow  colour.  The  colouring 
matter  itself  is  an  organic  base  closely  related  to  rosaniline,  but  it  and 
its  salts  are  equally  characterized  by  a  yellow  colour.  According  to 
Hofmann,  chrysaniline,  as  it  has  been  termed,  differs  in  composition 
from  rosaniline  by  the  want  of  two  atoms  of  hydrogen.  By  acting 
on  rosaniline  or  its  salts  with  nascent  hydrogen,  Hofmann  has  pro¬ 
cured  a  third  base,  which  is  devoid  of  colour  both  in  the  free  and 
combined  state,  and  which  he  has  termed  leucaniline.  We  have 
thus  the  following  series  : — 

Chrysaniline,  ,  .  .  C20H17Ng 

,  Rosaniline,  .  .  .  C20H19N3 

Leucaniline,  .  ,  .  C^H^Ng 

ANILINE  BLUE. — This  colouring  matter  was  first  obtained  by 
Messrs.  Persoz,  De  Luynes,  &  Salvetat.  It  was  originally  made 
by  heating  in  sealed  tubes  up  to  a  temperature  of  180°  C.  a  mixture 
of  nine  grammes  of  anhydrous  tetrachloride  of  tin  with  thirty 
grammes  of  aniline.  It  is  now  usually  made  by  treating  a  salt  of 
rosaniline  with  excess  of  aniline  for  several  hours.  The  crude 
product  is  extracted  with  large  quantities  of  boiling  water  acidulated 
with  hydrochloric  acid,  and  the  dissolved  colouring  matter  then 
precipitated  by  just  so  much  alkali  as  suffices  to  throw  it  down,  of 
the  purest  possible  colour.  The  best  solvent  for  aniline  blue  or 
Bleu  de  Paris  is  alcohol  or  methylated  spirit,  rendered  acid  with 
acetic  acid.  The  colour  crystallizes  from  its  alcoholic  solution  in 
fine  needles  resembling  those  of  the  ammonio-sulphate  of  copper. 
The  solid  mass  obtained  by  evaporating  to  dryness  presents  a  copper- 
coloured  metallic  lustre,  alike  distinguishable  from  the  yellow  lustre 
of  aniline  violet  and  the  green  lustre  of  aniline  red.  Aniline  blue 
is  unaffected  by  dilute  acids,  but  is  soluble  in  concentrated  sul¬ 
phuric  acid,  with  production  of  an  amber-coloured  liquid,  which  on 
dilution  becomes  of  a  splendid  blue.  Alkalies  darken  the  colour, 
and,  when  of  sufficient  strength,  render  it  violet.  Aniline  blue  is 
evidently  a  definite  chemical  compound,  but  it  has  not  yet  been 
analyzed.  It  dyes  silk  and  wool  of  a  fine  blue  colour,  which  is 
scarcely  affected  by  artificial  light. 

Messrs.  Renard  &  Franc  are  the  chief  exhibitors  of  Bleu  de  Paris. 
There  are  in  addition  several  not  understood  methods  of  converting 
aniline  red  into  aniline  blue — for  instance,  by  boiling  rosaniline  salts 
with  solutions  of  aldehydes  (Lauth) ;  or  crude  wood  spirit  (E. 
Kopp) ;  or  solution  of  gum  lac  in  carbonate  of  soda  (Gros- Renard  & 
Schaeffer). 

ANILINE  GREEN.— This  pigment  very  early  attracted  notice 
from  its  spontaneous  formation  on  the  surfaces  of  chemical  apparatus 
standing  in  proximity  to  aniline.  It  is  readily  producible  by  oxi¬ 
dizing  aniline  with  chloric  acid  or  perchloride  of  iron.  It  occurs 
as  a  dull  green  precipitate,  insoluble  in  water,  alcohol,  ether,  and 
benzene.  The  colour  of  aniline  green  is  much  enlivened  by  the 
presence  of  free  acids,  while  it  is  rendered  of  a  deep  indigo  blue 
colour  by  alkalies.  A  blue  form  of  this  pigment  has  been  parti¬ 


cularly  described  by  Messrs.  Calvert,  Lowe,  &  Clift  under  tbe  name 
of  azurine.  Mr.  Calvert  obtains  aniline  green  or  emeraldine  directly 
upon  cloth  by  printing  with  a  mixture  of  aniline  salt  and  chlorate 
of  potassium.  The  green  colour  is  gradually  developed  on  exposure 
to  air,  and  may  be  changed  into  blue  by  passing  the  fabric  through 
a  hot  bath  of  soap  or  delicate  alkali. 

CHINOLINE  BLUE. — Having  thus  briefly  described  the  violet, 
red,  yellow,  blue,  and  green  dyes  producible  from  aniline,  there  yet 
remain  for  consideration  the  dyes  obtained  from  various  other  con¬ 
stituents  of  coal-tar,  and  first  with  regard  to  chinoline  blue,  or 
cyanine,  as  it  is  termed. 

The  body  now  called  quinoline,  but  originally  called  leucol,  or 
leucoline,  was  discovered  in  1834  by  Runge,  associated  with  aniline 
in  coal-tar,  from  which  alkaloid  it  may  be  readily  separated  by  reason 
of  its  higher  boiling  point,  as  mentioned  when  describing  the  ex¬ 
traction  of  aniline  from  coal-tar.  It  was  re-discovered  by  Ger- 
hardt  as  a  product  of  the  action  of  potash  on  cinchonine,  while 
Hofmann  soon  after  showed  that  the  quinoline  of  Gerhardt  was 
identical  with  the  leucol  of  Runge.  Greville  Williams  some  time 
afterwards  submitted  the  body  to  a  more  minute  examination,  and 
separated  the  pure  base  which  he  termed  chinoline,  from  certain 
analogous  bases  found  in  association  with  it.  Quinoline  is  best 
made  by  distilling  either  cinchonine  or  the  resinous  waste  of  quin¬ 
ine  factories  known  as  quinoidine,  with  hydrate  of  potash,  and  recti¬ 
fying  the  crude  distillate,  whereby  a  product  consisting  chiefly  of 
chinoline  is  obtained.  Chinoline  is  an  oily  base,  boiling  at  240°  C. 
(462°  Fahr.),  and  having  the  formula  C9H7N,  which  it  is 
observable  differs  from  that  of  aniline  by  the  addition  of  three  atoms 
of  carbon.  But  the  intimate  constitution  of  the  two  bases  is  very 
diflerent,  aniline  being  a  primary  ammonia  or  amide  base,  having 
two  of  its  hydrogen  atoms  replaceable,  and  chinoline  being  a  ter¬ 
tiary  ammonia  or  nitryl  base,  having  none  of  its  hydrogen  atoms 
replaceable. 

Chinoline  blue  was  discovered  by  Mr.  Greville  Williams  while 
pursuing  his  researches  into  the  cause  of  the  difference  between 
the  quinoline  from  cinchonine,  and  that  from  coal-tar.  It  may 
be  prepared  by  the  following  process : — Two  parts  of  quinoline  or 
crude  chinoline,  and  three  parts  of  iodide  of  amyl  are  heated  toge¬ 
ther  for  about  ten  minutes,  when  on  cooling  a  solid  crystalline  mass 
is  produced.  This  is  dissolved  in  boiling  water,  and  the  filtered 
liquid  boiled  for  some  time  with  a  solution  of  ammonia  or  potash, 
until  the  blue  colour  is  separated  as  a  resinous  mass.  Chinoline 
blue  completely  precipitated  by  an  excess  of  ammonia  has  a  pur¬ 
plish  tinge,  but  that  precipitated  with  an  insufficiency  of  potash  is  a 
pure  and  splendid  blue.  Unfortunately  this  colour,  scarcely  equalled 
in  brilliancy  by  any  of  the  aniline  products,  fades  so  rapidly  by  the 
action  of  light  that  its  use  has  been  entirely  abandoned.  Fine 
specimens  of  cyanine,  chinoline,  and  other  tar  products,  as  well  of 
manufacturing  as  of  scientific  interest,  are  exhibited  by  Messrs.  G. 
Miller  &  Company  of  Glasgow  (United  Kingdom,  568),  with  which 
house  Mr.  Greville  Williams  is  associated. 

CARBOLIC  ACID  was  discovered  in  1834,  by  Runge,  in  coal-tar ; 
but  a  satisfactory  method  for  its  extraction  therefrom  was  first  de¬ 
scribed  by  Laurent,  who,  moreover,  established  its  chemical  formula. 
Gerhardt  afterwards  showed  that  salicic  acid  was  decomposed  by 
heat  into  phenol  and  carbonic  anhydride,  thus : — 

C7IIa0  —  CO*  =  C6H60. 

After  the  volatilization  of  the  light  naphtha  from  coal-tar,  the 
residue  is  further  heated,  either  by  a  naked  fire  or  superheated 
steam,  whereby  what  is  called  pitch-oil,  dead  oil,  or  heavy  oil,  is 
distilled  over.  The  last  portions  of  the  distillate  contain  a  very 
considerable  proportion  of  naphthaline,  which  crystallizes  on 
cooling.  The  crude  oil  is  well  agitated  with  concentrated  soda-lye, 
which  dissolves  the  phenol  and  other  acidulous  oils.  After  subsid- 
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ence,  the  clear  alkaline  liquid  is  drawn  off  and  diluted  with  water, 
whereby  a  considerable  quantity  of  brownish  oil  forms  and  rises  to 
the  surface.  The  diluted  alkaline  solution  when  no  longer  troubled 
by  a  further  addition  of  water,  is  decomposed  with  sulphuric  or 
hydrochloric  acid,  and  the  liberated  phenol  washed  with  water 
and  rectified.  Sometimes  the  crude-oil  is  re-distilled,  and  the  por¬ 
tion  boiling  between  150° — 210°  C.  (302° — 400°Fahr.)  alone  heated 
with  alkali. 

Pure  phenol  or  carbolic  acid  is  a  colourless  crystalline  solid,  which 
melts  at  35°  C.  (95°  Fahr.),  and  boils  at  187°  C.  (369°  Fahr.)  A 
mere  trace  of  water,  however,  causes  a  liquefaction  of  the  crystals, 
so  that  phenol  is  usually  met  with  as  a  thin  oil,  of  specific  gravity 
1'065,  having  a  characteristic  smoke-like  odour.  It  produces  on 
paper  a  greasy  stain,  which  slowly  disappears  on  exposure  to  air. 
Phenol  is  neutral  to  litmus  paper,  but  in  its  relations  to  alkalies 
manifests  the  properties  of  a  feeble  acid.  It  is  almost  insoluble  in 
water,  readily  soluble  in  alcohol,  ether,  benzene,  and  glacial  acetic 
acid.  It  coagulates  albumen,  and  acts  generally  as  a  powerful 
antiseptic.  It  furnishes  a  yellow  colouring  matter,  picric  acid,  and 
a  blue  colouring  matter,  azuline.  Very  fine  specimens  of  phenol  are 
exhibited  by  the  Tower  Chemical  Company  (United  Kingdom,  592), 
and  by  Messrs.  Guinon,  Mamas,  and  Bonnet  (France,  167). 

PICRIC  ACID  was  discovered  by  Ilausmann  in  1788.  It  is  a 
product  of  the  action  of  nitric  acid  upon  phenol,  Australian  resin, 
salicin,  indigo,  and  many  other  substances.  Its  usual  source  is  the 
impure  phenol  or  rectified  dead  oil,  boiling  at  150° — 210°  C.  The 
reaction  between  phenol  and  strong  nitric  acid  being  very  violent,  it 
is  better  to  use  in  the  first  instance  a  nitric  acid  of  specific  gravity  1  3, 
then  to  add  strong  nitric  acid  gradually,  and  finally  to  boil  with  an 
excess  of  the  acid.  The  crude  mass  of  picric  acid  which  is  left  on 
cooling  may  be  slightly  washed  with  cold  water,  and  after  solution 
in  hot  water  be  employed  at  once  as  a  dye  stuff,  or  it  may  be 
purified  by  one  or  other  of  several  processes.  The  slightly  washed 
crude  product  may  be  extracted  with  boiling  water  acidulated  with 
sulphuric  acid,  which  leaving  undissolved  the  resinous  impurities, 
forms  a  bright  yellow  solution,  from  which  the  picric  acid  crystal¬ 
lizes  readily  in  fine  scales.  Or  the  crude  product  may  be  mixed 
with  a  quantity  of  carbonated  alkali,  insufficient  for  its  complete 
neutralization,  whereby  the  resinous  mass  is  left  unacted  upon,  and 
the  dissolved  picrate,  after  purification  by  crystallization  from  boil¬ 
ing  water,  decomposed  with  sulphuric  acid.  Picrate  of  potassium 
is  very  insoluble  in  cold  water.  Picrate  of  sodium,  though 
tolerably  soluble  in  pure  water,  is  scarcely  at  all  soluble  in 
alkaline  liquids,  and  may  be  advantageously  thrown  down  from  its 
hot  aqueous  solution  by  the  addition  of  carbonate  of  sodium. 

Picric  acid  is  a  representative  of  phenol,  in  which  three  atoms 
of  hydrogen  are  displaced  by  three  atoms  of  pernitric  oxide.  The 
reaction  by  which  it  is  produced  is  as  follows : — 

C6H80  +  3N02H0  =  C6H3(N08)80  +  3H20. 

It  occurs  in  the  form  of  pale  yellow  plates  of  persistent  bitter  taste, 
and  marked  acid  reaction.  It  is  sparingly  soluble  in  cold,  more 
soluble  in  hot  water,  and  readily  soluble  in  ether  and  alcohol.  It 
is  possessed  of  great  tinctorial  power,  and  its  solutions  are  more 
highly  coloured  than  is  the  solid  acid.  It  attaches  itself  readily  to 
silk  and  wool,  imparting  to  them  a  pure  yellow  colour,  which  is 
unacted  upon  by  light,  but  is  affected  to  some  extent  by  washing 
with  soap  and  water.  But  the  liability  to  this  deterioration  is 
removed  by  mordanting  the  goods  with  alum.  Picric  acid  is 
largely  used  in  conjunction  with  indigo  for  dyeing  greens.  The 
use  of  picric  acid  as  a  yellow  dye  was  suggested  by  M.  Guinon  of 
Lyons  in  1845,  but  it  is  only  within  the  last  five  or  six  years  that 
it  has  come  into  practical  use.  A  great  number  and  variety  of  red, 
purple,  and  blue  colours  have  been  produced  by  the  reduction  and 
further  treatment  of  picric  acid  with  different  reagents,  including 


one  product  very  similar  to,  if  not  identical  with,  murexide  (E. 
Kopp),  but  they  have  not  hitherto  received  any  industrial  applica¬ 
tion.  Excellent  specimens  of  picrio  acid  are  shown  by  very  many 
exhibitors. 

PHENOL  BLUE. — A  fine  blue  dye  called  azuline  is  exhibited  by 
Messrs.  Guinon,  Mamas,  &  Bonnet  (France,  167).  Their  mode  of 
preparing  the  colour  is  kept  secret,  but  it  is  said  to  be  obtained 
from  phenol.  Chloride  of  lime  is  known  to  produce  a  blue  coloura¬ 
tion  with  ammoniacal  phenol,  which  body,  indeed,  may  almost  be 
considered  as  tantamount  to  aqueous  aniline.  Azuline  is  sold  in  the 
state  of  alcoholic  solution.  It  is  insoluble  in  water,  but  soluble  j 
after  acidulation.  The  dry  colour  has  a  coppery  lustre,  resembling 
that  of  aniline  blue. 

NAPHTHALINE  was  discovered  in  wood-tar  by  Garden  in  1820, 
and  in  coal-tar  by  Kidd  in  1821.  Its  composition  was  first  estab¬ 
lished  by  Faraday  in  1826,  but  our  knowledge  of  its  chemical 
habitudes  is  chiefly  due  to  the  researches  of  Laurent.  Crude 
naphthaline  may  often  be  obtained  in  large  quantities  from  the  gas 
works,  in  masses  of  flaky  crystals,  but  slightly  contaminated  with 
tar.  It  is  found  as  a  deposit  in  the  various  mains  and  pipes, 
frequently  to  such  an  extent  as  seriously  to  obstruct  the  flow  of  gas. 
Moreover,  naphthaline,  under  the  technical  name  of  “  salts,”  maybe 
obtained  abundantly  from  the  later  portions  of  dead  oil  produced  in 
the  distillation  of  gas-tar — the  distillate  frequently  becoming  semi¬ 
solid  on  cooling.  The  naphthaline  obtained  directly  from  gas 
works  has  only  to  be  sublimed,  but  that  from  dead  oil  is  submitted 
to  powerful  pressure  before  sublimation.  The  sublimate  rhav 
advantageously  be  crystallized  from  dilute  alcohol  when  great  purity 
is  required. 

Naphthaline,  C10H8,  is  a  perfectly  white  solid,  crystallizing  in 
thin  rhomboidal  plates.  It  melts  at  79°  C,  (174°  Fahr.),  boils  at 
220°  C.  (428°  Fahr.),  and  volatilizes  readily  in  the  vapour  of  water. 

It  is  insoluble  in  cold  water,  readily  soluble  in  alcohol,  ether, 
benzene,  and  in  the  fixed  and  essential  oils.  Between  naphtha¬ 
line  C10HS,  naphthol  C10H8O,  recently  discovered  by  Griess,  and 
naphthylamine  C10H9N,  discovered  by  Zinin  in  1842,  there  subsist 
the  same  relations  as  between  benzene  C6H8,  phenol  C6H60,  and 
aniline  C'6H7N.  Just  as  benzene  is  convertible  through  nitro¬ 
benzene  and  aniline  into  red  and  purple  colours,  so  is  naphthaline 
by  the  action  of  nitric  acid  convertible  into  nitronaphthaline, 
which  by  the  action  of  reducing  agents  is  convertible  into  naph¬ 
thylamine,  which  again  by  treatment  with  oxidizing  agents  is  con¬ 
vertible  into  naphthylamine  red  and  naphthylamine  purple  (Troost, 
Scheurer-Kestner).  But  these  naphthaline  colours  have  not  as 
yet  achieved  a  practical  success.  The  blue  precipitate  of  naph- 
thameine  (Piria),  produced  by  the  action  of  perchloride  of  iron  and 
other  oxidizing  agents  on  naphthylamine,  has  for  some  years  past 
been  employed  as  a  test  for  the  presence  of  the  alkaloid. 

When  dinitronaphthaline  C10H6(NO2)2,  is  heated  with  concen¬ 
trated  sulphuric  acid,  with  or  without  the  addition  of  some  reducing 
agent,  a  peculiar  red  colouring  matter  called  naphthazarine  (Rous- 
sin)  is  produced,  which  in  its  behaviour  with  mordanted  cotton 
goods  closely  resembles  alizarine,  the  chief  colouring  principle  of 
madder;  but  the  resulting  tints  are  far  inferior  to  those  produced 
with  madder  or  garancine.  Despite  its  present  unimportance,  the 
prospective  interest  of  naphthaline  as  a  colour-producing  body  is 
very  great.  There  is  undoubtedly  some  close  relation  between  it 
and  alizarine.  Both  bodies  when  acted  upon  by  nitric  acid  pro¬ 
duce  phthalic  or  alizaric  acid  C8H604,  which  has  not  as  yet  been 
obtained  from  any  other  source.  The  great  abundance  of  naphtha¬ 
line,  and  great  value  of  alizarine  cannot  but  stimulate  the  efforts  of 
chemists  to  prepare  the  one  body  from  the  other.  The  naphtha¬ 
zarine  of  Roussin  was  at  first  mistaken  for  alizarine,  and  its  pro¬ 
duction  consequently  excited  a  very  great  though  unfounded  excite¬ 
ment.  Beautiful  specimens  of  naphthaline,  nitronaphthaline,  and 
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naphthylamine  are  exhibited  by  Miller  &  Company  (United  King¬ 
dom,  568),  R.  Rumney  (United  Kingdom,  592,  593),  Guiuon, 
Marnas,  &  Bonnet  (France,  167),  and  by  many  other  exhibitors. 


4.-0RGANIC  CHEMICAL  PREPARATIONS. 

By  William  Odling,  Esq.,  M.B.,  F.R.S. 

£4-2>HE  Exhibition  contains  a  remarkably  fine 
I  display  of  organic  chemicals,  whether  con- 
sidered  in  reference  to  the  beauty  and  mag¬ 
nitude  of  the  specimens,  or  to  their  im¬ 
mense  variety.  However,  by  far  the  greater 
proportion  of  the  products  exhibited  have 
but  a  secondary  industrial  interest,  while 
among  those  of  high  commercial  import¬ 
ance  a  large  number,  including  paraffin, 
spermaceti,  benzene,  nitrobenzene,  aniliue, 
carbolic  acid,  picric  acid,  &c.,  &c.,  have 
been  already  described  in  previous  articles.  But  there  yet  remain 
for  consideration  a  few  organic  chemicals,  produced  on  a  very 
large  scale,  and  in  the  manufacture  of  which  certain  noteworthy 
improvements  have  of  late  been  introduced. 

OXALIC  ACID,  formerly  obtained  from  the  juices  of  oxalis  aceto- 
sella,  rumex  acetosa ,  &c.,  has  for  a  long  time  past,  and  up  to  within 
this  last  year  or  two,  been  produced  almost  exclusively  by  the 
oxidation  of  some  form  of  sugar  with  nitric  acid.  Treacle,  the  syrup 
of  brown  sugar,  the  syrup  resulting  from  boiling  washed  potato 
pulp  or  horse-chestnut  pulp  with  dilute  sulphuric  acid  is  treated 
with  nitric  acid,  of  specific  gravity  about  1  '25,  in  flat  leaden  tanks 
standing  over  coils  of  steam  piping,  whereby  a  temperature  of  about 
125°  Fahr.  is  maintained  uniformly  throughout  the  operation,  at  the 
conclusion  of  which  the  liquid  product  is  run  off  into  shallow  vessels 
to  crystallize.  By  this  process  1  cwt.  of  brown  sugar  will  yield 
about  120  to  140  lbs.  of  marketable  oxalic  acid.  Throughout  the 
process  almost  colourless  nitrous  fumes,  mixed  with  carbonic  acid 
gas,  are  continuously  evolved,  and  various  plans  have  been  devised 
for  their  utilization,  either  by  reconverting  them  into  nitric  acid,  or 
by  rendering  them  available  for  the  manufacture  of  sulphuric  acid  ; 
but  as  a  rule  they  have  been  allowed  to  escape  freely  into  the 
atmosphere.  The  admixture  with  them  of  a  large  proportion  of 
carbonic  acid  gas  materially  interferes  with  their  ready  oxidation. 

Messrs.  Roberts,  Dale,  &  Company  of  Manchester  (United  King¬ 
dom,  588),  exhibit  oxalic  acid  made  from  sawdust  by  an  entirely 
new  process,  which,  however,  has  almost  superseded  the  nitric  acid 
process.  Gay-Lussac,  in  1829,  observed  that  oxalic  acid  might 
be  produced  by  heating  cotton,  sawdust,  sugar,  gum,  tartaric  acid, 
&c.,  with  caustic  potash  in  a  platinum  crucible.  He  stated  also  that 
the  potash  might  be  replaced  by  soda.  Messrs.  Roberts  &  Dale, 
in  their  experiments  with  sawdust,  finding  caustic  potash  too  expen¬ 
sive,  and  caustic  soda  practically  ineffectual,  finally  resorted  to  a 
mixture  of  the  two  in  the  proportion  of  one  equivalent  of  potash 
and  two  of  soda.  The  solution  of  the  mixed  alkalies,  of  specific 
gravity  135,  is  made  into  a  thick  paste  with  sawdust,  thin  layers  of 
which  are  spread  on  iron  plates,  and  gradually  heated  with  constant 
stirring.  The  mass  swells  up  considerably,  and  soon  evolves  large 
quantities  of  inflammable  gas.  After  a  temperature  of  about  400° 
Fahr.  has  been  maintained  for  a  couple  of  hours  or  so,  the  sawdust  is 
completely  destroyed,  and  the  mass  rendered  entirely  soluble  in 
water  ;  but  a  mere  trace  of  oxalic  acid  is  as  yet  formed.  The  product 
is  consequently  exposed  for  some  hours  longer  to  a  somewhat  higher 
temperature,  during  which  aqueous  vapour  is  constantly  given  off. 


The  residual  dry  mass,  which  then  contains  from  28  to  30  per  cent, 
of  ordinary  oxalic  acid,  C2H'204.2  H20,  is  treated  with  water  at  a 
temperature  of  60°  Fahr.,  whereby  the  excess  of  alkali,  &c.,  is 
removed,  and  the  oxalic  acid  left  behind  in  the  form  of  sparingly 
soluble  oxalate  of  sodium.  The  alkaline  liquid  is  evaporated  to  dry¬ 
ness,  ignited,  and  the  resulting  carbonated  alkalies  rendered  caustic 
by  means  of  lime,  and  used  for  a  fresh  operation.  The  washed 
oxalate  of  sodium  is  boiled  with  milk  of  lime,  whereby  caustic  soda  is 
formed  in  solution,  and  oxalate  of  calcium  deposited.  This  deposit  is 
decomposed  with  sulphuric  acid,  and  the  liberated  oxalic  acid  puri¬ 
fied  by  crystallization.  Messrs.  Roberts  &  Dale  manufacture  over 
nine  tons  a- week  by  this  process.  Two  lbs.  of  sawdust  yield  one  of 
oxalic  acid.  The  introduction  of  this  process,  which  reflects  the 
greatest  credit  on  the  ingenuity  and  enterprise  of  Messrs.  Roberts  & 
Dale,  has  reduced  the  retail  price  of  oxalic  acid  from  15d.  to  8d. 
per  pound. 

PYROLIGNEOUS  ACID. — Wood,  usually  in  the  form  of  billets,  is  dis¬ 
tilled  from  iron  retorts  of  square  or  cylindrical  shape,  whereby  a  liquid 
product  is  driven  over,  consisting  principally  of  tar  and  acid  liquor. 
The  latter  is  drawn  off  and,  either  before  or  after  separation  of  the 
volatile  wood  spirit,  neutralized  with  lime.  The  solution  of  acetate  of 
calcium  is  allowed  to  deposit  its  impurities  by  subsidence,  evaporated 
to  dryness,  and  torrefied.  F or  the  preparation  of  the  rough  acetate 
acid  of  commerce,  the  torrefied  acetate  of  calcium  is  distilled  at  once 
from  iron  retorts  with  sulphuric  acid.  For  the  preparation  of  the 
pure  acid  the  crude  acetate  of  calcium  is  decomposed  with  sulphate  of 
sodium,  and  the  resulting  acetate  of  sodium,  after  purification  by  crys¬ 
tallization  and  torrefaction,  decomposed  with  sulphuric  acid.  The 
principal  novelty  in  the  manufacture  of  acetic  acid  consists  in  its  pro¬ 
duction  from  sawdust,  spent  bark,  and  dyewood,  &c.,  according  to  the 
patented  process  of  Mr.  Ilalliday.  The  material  is  passed  into  a 
hopper,  and  gradually  introduced  by  means  of  a  vertical  endless  screw 
into  the  horizontal  retort,  along  which  it  is  slowly  urged  by  means 
of  a  horizontal  screw,  and  is  finally  ejected  at  the  other  end  into  an 
air-tight  vessel  or  a  cistern  of  water.  During  its  transit  the  material  is 
kept  in  constant  motion,  andbecomes  thoroughly  and  uniformly  carbon¬ 
ized.  The  volatile  products  are  condensed  and  treated  in  the  usual 
way.  Mr.  W.  A.  Bowers  of  Manchester  has  since  patented  another 
arrangement,  said  to  be  more  efficient  than  that  of  Mr.  Halliday. 
The  materials  are  introduced  through  a  hopper,  at  the  upper  end 
of  a  long,  inclined,  rectangular  retort,  and  falling  upon  the  surface 
of  an  endless  chain  extended  between  two  revolving  drums,  one  at 
each  end  of  the  retort,  are  carried  through  the  length  of  the  retort 
to  its  lower  end,  where  the  resulting  charcoal  is  expelled  into  a 
vessel  of  water.  The  specimens  of  pyroligneous  acid  shown  at  the 
Exhibition  are  chiefly  of  a  very  fine  character.  The  author  is  not 
aware  that  any  of  them  were  obtained  by  either  of  the  above- 
described  processes,  which,  however,  are  employed  with  great 
success  at  Manchester  and  Salford  to  produce  a  crude  acid  used  for 
making  red  liquor  or  acetate  of  aluminum,  and  iron  liquor  or  acetate 
of  iron.  Medals  were  awarded  to  C.  Foot  &  Company  (United 
Kingdom,  513),  for  pure  acetic  acid,  and  to  the  Melincrythan 
Chemical  Company  (United  Kingdom,  566),  for  pyroligneous  acid 
and  a  collection  of  acetates. 

WOOD-SPIRIT. — A  very  pure  specimen  of  wood-spirit,  together 
with  several  equally  fine  of  fermented  spirit  from  various  sources, 
is  exhibited  by  Mr.  Eschwege  (United  Kingdom,  513).  The  essence 
of  his  process  consists  in  filtering  a  largely  diluted  spirit  through  a 
considerable  bulk  of  wood  charcoal  contained  in  a  succession  of 
filters,  so  that  the  diluted  spirit  may  be  successively  exposed  to  the 
action  of  cleaner  and  cleaner  charcoal,  each  particular  quantity  of 
spirit  never  being  acted  on  by  any  filter,  through  which  a  less  clean 
spirit  has  previously  flowed.  The  process  is  continuous  in  opera¬ 
tion,  the  first  filter  being  occasionally  removed;  what  was  the  second 
filter  being  made  the  first,  and  so  on ;  and  a  fresh  filter  being  placed 
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after  what  was  the  last  of  the  series.  By  this  means  the  process  is 
conducted  with  great  economy,  notwithstanding  the  large  proportion 
of  charcoal  employed.  The  filtered  spirit  is  finally  rectified.  The 
filtration  of  spirit  through  charcoal  is  a  very  old  story,  but  all 
previous  manipulators  seem  to  have  overlooked  the  essential  point 
necessary  to  insure  a  high  degree  of  success,  not  being  aware  that 
charcoal  fouled  by  one  quantity  of  crude  spirit  is  rapidly  cleansed 
by  any  spirit  of  greater  purity ;  the  more  pure  spirit  taking  up  a 
great  deal  of  the  impurity  deposited  by  its  less  pure  predecessor. 
Thus  Blumberg  in  his  patent  of  1845,  claims  “the  mode  of  sub¬ 
jecting  the  liquor  to  repeated  filtrations  in  the  same  tank 

.  .  by  means  of  which . the  quantity  of 

charcoal  employed  is  materially  diminished.”  The  entire  bulk 
of  charcoal  being  thus  exposed  to  the  action  of  more  or  less 
crude  spirit,  is  rendered  unable  to  effect  anything  like  a  com¬ 
plete  purification.  The  specimen  exhibited  by  Mr.  Eschwege  is 
labelled  Potable  wood-spirit.  It  has  a  very  agreeable  flavour, 
which  though  not  identical  with  that  of  ordinary  alcohol,  approxi¬ 
mates  closely  thereto.  The  purified  wood-spirit,  when  sweetened 
and  flavoured,  makes  a  capital  dram  ;  and  a  mixture  of  fermented 
spirit  with  25  per  cent,  and  upwards  of  Mr.  Eschwege’s  purified 
wood-spirit,  is  quite  undistinguishable  in  flavour  from  ordinary  spirit 
of  wine.  The  methylated  spirit  of  commerce,  also,  may  be  easily 
purified  by  Mr.  Eschwege’s  process  to  such  an  extent  as  to  allow  of 
its  being  added  largely  to  spirit  of  wine,  without  affording  any 
evidence  of  its  presence  either  to  taste  or  smell.  Mr.  Eschwege 
exhibits  some  specimens  of  madder-spirit,  beetroot-spirit,  &c.,  which 
have  been  purified  by  his  process,  and  are  not  to  be  distinguished 
from  the  finest  qualities  of  corn-spirit. 

BISULPHIDE  OF  CARBON. — This  compound  is  exhibited  by  Deiss 
(France,  193),  and  Bailey  (United  Kingdom,  465).  It  is  now  made 
on  a  very  extensive  scale,  both  in  France  and  this  country,  for  the 
purpose  of  extracting  oils  and  fatty  bodies,  and  of  dissolving  sulphur, 
and  chloride  of  sulphur,  so  as  to  form  vulcanizing  solutions.  It  is 
manufactured  by  a  process  substantially  the  same  as  that  used  in 
the  laboratory.  Lumps  of  sulphur  are  gradually  dropped  into  iron 
or  clay  retorts  containing  coke  or  charcoal  at  a  full  red  heat,  and 
the  condensed  product  of  the  reaction  redistilled. 

TARTARIC  ACID. — In  the  ordinary  process  for  making  this  acid, 
the  crude  tartar  or  argol  is  converted  into  tartrate  of  calcium, 
which  is  then  decomposed  by  sulphuric  acid.  H.  Cazalis  &  Com¬ 


pany  (France,  142)  employ  instead  the  preformed  tartrate  of  calcium 
which  exists  as  an  impurity  in  crude  tartar,  and  which  being  insolu¬ 
ble  in  boiling  water,  has  heretofore  constituted  a  waste  product  of 
the  cream  of  tartar  manufacture.  Fine  specimens  of  tartaric  acid 
are  also  exhibited  by  J.  A.  Benckiser  (Baden,  28),  and  Miralta 
Brothers  (Italy,  170). 

LICHEN  ACIDS. — Dr.  Stenhouse  long  ago  recommended  that  the 
importation  of  the  bulky  lichens  as  sources  of  orchil,  &c.,  should  be 
superseded  by  that  of  their  compressed  colorific  acids.  The  lichens 
cut  into  small  pieces  are  to  be  macerated  in  wooden  vats  with  milk 
of  lime,  the  clear  solution  saturated  with  hydrochloric  acid,  and  the 
gelatinous  precipitate  of  lichen  acids,  collected,  washed,  pressed,  and 
dried.  Lichen  acids  obtained  in  this  manner  are  exhibited  by 
Guinon,  Mamas,  and  Company  (France,  167),  and  by  Dr.  Stenhouse 
himself  (United  Kingdom,  608),  who  also  shows  several  of  the  pro¬ 
ducts  of  the  metamorphoses  of  these  acids,  particularly  orcin  and 
erythromannite,  the  latter  in  magnificent  crystals. 

^PHARMACEUTICAL  PRODUCTS.  — Among  these  may  be  men¬ 
tioned  the  quinine  and  cinchonine  salts,  exhibited  by  Howard  & 
Sons  (United  Kingdom,  505),  and  Zimmer  (Frankfort,  303),  the 
latter  of  whom  displays  in  addition,  a  handsome  specimen  of  finely 
crystallized  kinic  acid.  Opium  preparations  are  shown  in  great 
excellence  and  variety.  Among  the  most  noticeable  are  the  morphia 
and  meconine  of  Menier  (France,  204),  the  codeia  of  Merck  (Hesse, 
465),  and  Macfarlan  (United  Kingdom,  660),  the  narceine  of  Morson 
(United  Kingdom,  570),  and  the  papaverine,  narcotine,  thebaine, 
and  meconic  acid  of  Smith  (United  Kingdom,  604).  Fine  crystals 
of  strychnia  are  shown  by  Hulle  (United  Kingdom,  533),  and  by 
Menier  and  Merck.  In  addition  to  other  products,  Marquart 
(Prussia,  1006),  exhibits  the  valeric,  succinic,  and  malic  acids,  in  a 
very  fine  condition.  Altogether,  the  collections  of  beautiful  and  rare 
organic  compounds,  as  well  of  pharmaceutical  as  of  purely  scientific 
interest,  displayed  by  Menier,  Merck,  and  Marquart  respective!}',  are 
entitled  to  the  highest  praise.  Menier  in  particular  exhibits  a  con¬ 
siderable  quantity  of  alcohol  made  from  olefiant  gas,  and  several  other 
compounds  obtained  by  Berthelot’s  synthetic  processes.  Duncan, 
Flockhart,  &  Company  (United  Kingdom,  653),  exhibit  chloroform 
of  fine  quality.  Much  of  the  chloroform  of  commerce  is  now  made 
from  methylated  spirit.  A  beautiful  specimen  of  gallic  acid  is 
exhibited  by  Dunn  &  Heathfield  (United  Kingdom,  511),  and  of 
pyrogallic  acid  by  E.  Scheering  (Prussia,  1433), 
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^  -  tfi:  AM  told  that  within  some  eight  pages,  I  must  compress 
I  Ini  those  concluding  essays  which  proposed  to  discuss  in  a 
comprehensive  and  general  manner,  the  aspects  and 
effects — moral,  social,  aesthetical,  and  mercantile — and 

H;  the  future  prospects  of  those  great  displays,  of  which  this 
|  work  has  for  the  Exhibition  of  18G2  been  the  record. 

To  treat  in  an  orderly  manner,  and  with  the  fullness 
demanded  by  subjects  so  large  and  deeply  interesting  to  every 
reflecting  man,  and  important  in  their  results  to  all,  is  impracticable 
within  even  larger  limits.  I  will  not,  therefore,  call  that  an  essay, 
which  can  be  but  the  broken  outlines  of  a  design.  The  necessity 
for  this  compression  has  arisen  from  the  plethora  of  matter  for 
description  found  in  the  Exhibition  itself,  which  produced  a  greater 
extension  in  some  of  the  articles  than  was  originally  planned. 

The  time  has  come,  both  here  in  this  volume  and  at  Kensington, 
as  come  at  last  it  must,  everywhere  and  to  all  of  us,  for  retrospect, 
and  for  gathering  such  lessons  of  wisdom  as  we  can,  from  the  events 
of  the  path  we  have  trodden,  and  of  guidance  for  that  which  we  are 
hereafter  to  pursue.  Volumes  might  be  filled  with  equal  facility 
and  advantage  from  the  exhaustless  fountain  of  information  opened 
by  one  of  these  grand  displays  of  the  world’s  wealth  and  work. 
Within  the  limits  assigned  here  we  have,  thanks  to  the  efficient  co¬ 
operation  of  many  men  of  honoured  names,  so  traced  the  worthier 
whole,  that  no  important  part  will,  we  think,  be  fouud  unnoticed. 
The  combined  labour  has  been  great ;  but  the  interest  of  the  task 
was  also  strong,  and  may,  we  hope,  be  found  so  by  our  readers. 

The  Exhibition  scarcely  even  yet  (December  5, 1862),  but  almost, 
has  closed  itself ;  it  has  died  a  long  and  lingering  death,  ending  in 
emptiness  and  “  mere  oblivion.”  It  was  officially  alleged  closed 
as  an  exhibition  on  Saturday,  1st  November,  after  “  God  save  the 
Queen”  had  been  sung  at  four  o’clock  more  heartily  than  under 
circumstances  so  spiritless  and  dull  could  have  been  expected, 
and  to  re-open  as  a  bazaar  on  the  Monday;  but  if  Locke  was 
right  in  saying  that  truth  is  the  agreement  of  our  ideas  with  the 
nature  of  things,  then  was  the  official  announcement  a  falsehood. 
The  Exhibition  had  been  a  bazaar,  and  in  some  respects  a  not  over 
honest  one,  all  along,  if  buying  and  selling  can  make  one  ;  and  that 
which  for  its  fortnight  of  survival  was  officially  a  bazaar,  remained 
as  much  an  exhibition  as  before,  if  seeing  the  same  things  in  statu 
quo  at  an  admission  of  half-a-crown  could  make  it  so  ;  indeed  the 
newspapers  affirmed,  “it  never  was  so  enjoyable  and  seeable  before.” 
Nor  did  the  bazaar  end  with  the  limited  fortnight;  for  retail  sales 
continued  to  be  made  in  the  building  up  to  this  month  (December), 
and  if  they  have  now  ceased,  it  is  only  because  nothing  worth  having 
remained  to  be  bought. 

This  is  not  a  handsome  ending  artistically  or  morally  considered, 
though  a  consistent  one  in  both  aspects,  for  an  enterprise  that  began 
with  false  pretences,  and  for  the  covert  furtherance  of  an  illegitimate 
job,  not  even  now  forgotten,  nor  yet  fully  developed;  and  to  serve 
which  its  promoters  erected  a  building,  the  ugliness  and  absurd 
unsuitability  of  which  have  disgraced  the  architectural  knowledge 
and  taste  of  England  in  the  eyes  of  the  whole  world.  From  this 
single  source  have  sprung  nearly,  if  not  all  the  circumstances,  which 
in  their  consequences  have  marred  so  completely  the  success,  in 
every  just  use  of  the  word,  of  this  Exhibition. 

The  unavowed  and  illegitimate  ultimate  ends,  required  to  be  had 
regard  to  in  the  arrangement  of  the  building,  and  on  which  no 
questions  were  to  be  asked,  involved  the  ignoring  the  existence  of 
Fox  and  Paxton,  Wyatt  and  Jones,  Barry,  Donaldson,  Scott  Bussell ; 
in  a  word,  of  all  those  surviving  who  had  concurred  in  giving  glory 
and  structural  perfectness  to  the  building  of  1851,  and  who  were 


ready  now  to  have  brought  their  matured'experience,  both  general 
and  particular,  to  aid  in  the  production  of  that  of  1862 — to  insultingly 
passing  over  the  whole  of  the  professions,  both  of  civil  engineers  and 
of  architects — and  in  the  employment  of  a  young  military  engineer, 
to  usurp  the  functions  of  them  all.  What  the  result  has  been  in  the 
style,  taste,  and  character  of  the  building,  has  been  pronounced  by 
the  condemnation  of  the  civilized  world.  We  have  no  wish  to 
add  any  harsh  words  to  a  judgment  so  unanimous.  Indeed  as  respects 
the  designer  himself,  every  unprejudiced  man,  considering  Captain 
Fowke’s  professional  education  and  inexperience,  will  be  of  opinion 
that  structurally  at  least  his  work  is  in  many  respects  creditable. 
The  defence,  however,  set  up  by  his  employers  for  having  engaged 
him  at  all,  and  to  the  exclusion  of  all  others,  “  that  he  was  a  born 
architect,”  while  its  validity  has  been  contravened  by  the  event,  proves 
this — that  either  the  allegation  was  made,  knowing  its  folly ;  or  that 
those  by  whom  or  in  whose  name  it  was  made,  are  absolutely  ignorant 
of  the  years  of  artist  culture,  and  experience  of  an  inner  life  of 
proportion  and  beauty,  that  are  indispensable  for  the  man  born 
with  the  highest  and  best  suited  natural  gifts,  to  be  worthy  the 
name  of  architect  in  its  true  and  exalted  sense.  The  poetry  that 
forms  one  essential  of  the  great  architect,  must  indeed  be  born 
with  him ;  but  a  man  can  be  no  more  born  an  architect,  than  he 
is  born  a  rope  dancer  or  a  glass  blower — and  of  poetry  in  the 
Brompton  designs,  we  have  found  none. 

If  we  acquit  Brompton  then  of  the  dishonest  horn  of  the  dilemma, 
we  must  ask,  Is  a  body  producing  a  defence  that  proves  such  absolute 
ignorance  of  the  fundamental  nature  of  excellence  in  art,  fit  to  be  in¬ 
trusted  with  the  continued,  or  probably  even  more  extended  control, 
management,  and  patronage  of  all  that  belongs  to  the  artistic  technical 
education  of  England?  “  By  their  fruits  shall  ye  know  them.” 

We  would  temperately  yet  earnestly  urge  all  this,  as  well  as  the 
anomalous  coalition  of  irresponsible  power  assumed  by  the  banding 
together  of  the  so-called  Science  and  Art  department,  the  Society  of 
Arts,  and  the  Commissioners  of  the  surplus  of  1851,  upon  the  con¬ 
sideration  of  Parliament;  for  if  there  be  any  two  facts  forced  upon 
the  minds  of  Englishmen  by  the  events  of  the  Exhibition,  above  all 
others,  they  are  these — That  our  national  apparatus  of  technical 
education  is  seriously  behind  that  of  all  the  more  advanced  of 
foreign  nations,  and  all  but  impotent  in  its  action  ;  that  it  should  no 
longer  be  entrusted  to  the  mismanagement  of  the  past,  and  demands 
anotherposition  than  that  of  being  hooked  on  as  a  department  of  trade. 

To  return  for  a  moment  to  the  past,  however.  From  the  original 
obliquity  of  vision,  as  to  the  ultimate  end  of  the  Exhibition  building, 
arose  its  ugliness,  its  unsuitability,  and  its  extravagant  cost ;  and 
from  these  by  natural,  if  not  inevitable  sequence,  the  succeeding 
chain  of  events,  so  many  links  of  which  are  marked  with  bad  taste, 
shabbiness,  vulgarity,  and  even  ill-kept  faith,  all  came  of  the 
struggle  to  undo  the  money  consequences  of  the  one  act  which  had 
robbed  the  Exhibition  itself  of  so  much  of  the  attraction  it  might 
have  possessed  for  the  sight-seer,  and  at  the  same  time  drained  its 
exchequer.  From  this,  too,  came  the  want  of  order  and  complete¬ 
ness  in  the  jury  examinations  and  awards — the  abandonment  of  any 
authorized  jury  reports,  and  the  substitution  for  these  authoritative 
records  of  unauthorized  individual  essays  (not  even  yet  completed), 
and  delegated  over  to  the  Society  of  Arts — the  disgraceful  collection 
of  tradesmen’s  advertisements  put  forth  under  the  name  and  colour 
of  an  “  Illustrated  Catalogue” — the  absence  of  any  correct  catalogue 
at  all.  These  are  amongst  the  moral  and  social  aspects  with  which 
we  feel  constrained  to  look  back  upon  the  Exhibition  ;  and  if  these 
be  founded  in  fact,  then  were  those  opening  prayers  by  clerics  and 
bishops — those  multiplied,  pious,  wall  decorations — thus  reduced  by 
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those  who  ordained  them,  to  solemn  shams,  and  cant  with  a  quasi- 
national  sanction. 

Truly  the  death  of  the  Prince  Consort  ivas  a  loss  to  the  Exhibi¬ 
tion.  But  a  loss  far  deeper  and  more  searching,  than  that  loss  of 
patronage  and  of  royal  presence  that  the  vulgar  eye  alone  sees,  and 
to  which  the  Exhibition  organs  of  the  press  pretend  (along  with  the 
American  war)  to  attribute  its  ill  success — was  the  loss  of  the 
instinctive  nobleness  of  purpose  and  thought,  the  clear  insight,  of 
one  well  educated  gentleman,  whose  rank  secured  the  deference  of 
those  around  to  his  views  ;  that  became  the  irremediable  evil. 

Yet  that  homage  both  of  heart  and  head,  that  we  and  all,  so  truly 
render  to  the  memory  of  Prince  Albert,  must  not  forbid  our  noticing 
the  wide-spread  notion  which  exists,  that  the  subordinate  machinery 
set  in  play  with  regard  to  the  Exhibition  building,  and  which  has 
resulted  in  so  marring  the  Exhibition  itself,  was  contrived  by  those, 
who  deemed  they  were  promoting  a  favourite  notion  of  the  Prince — 
namely,  the  removal  to  Brompton  of  all  our  art  collections,  and 
probably  a  large  portion  of  those  of  art  and  of  natural  history  of  the 
British  Museum  had. 

We  are  not  amongst  those  who  believe  or  pretend  that  much 
can  be  done  for  the  burdened  sons  and  daughters  of  daily  toil, 
by  pictures  and  statues,  porcelain,  and  medieval  implements  of 
devotion;  or  that  the  thick  stratum  of  society  that  lives  by  labour 
and  wages,  with  its  concomitant  imperfect  information  on  all  subjects 
foreign  to  those  by  which  it  exists,  can  ever  be  much  benefited, 
beyond  the  relaxation  of  a  passing  holiday,  by  those  works  of  art, 
to  the  real  appreciation  of  which  years  of  culture  are  necessary, 
and  the  complex  refinements  of  education  and  information.  These, 
with  rare  exceptions,  demand  leisure  and  wealth  for  their  attain¬ 
ment,  and  are  and  must  ever  remain  the  luxury  of  the  rich.  But 
if  it  be  so,  that  humanizing  influences,  more  or  less,  may  thus  be 
spread  abroad  amongst  the  wage  classes,  or  if  it  be  only,  that  the 
utmost  facility  of  open  access  to  art  collections  is  desirable,  in  foster¬ 
ing  the  taste  of  an  occasional  worker,  in  art  manufacture,  we  are 
equally  unable  to  see  that  either  would  be  promoted  by  removing 
our  national  art  collections  from  central  London  where  they  are 
surrounded  by  these  people,  to  a  fashionable  suburb  where  they 
don’t  exist :  to  which  the  long  walk  or  the  most  moderate 
omnibus  fare,  and  the  loss  of  time  which  is  money,  would  in  effect 
remove  those  collections  out  of  the  reach  of  the  mass  of  the  working 
classes,  except  upon  the  rarest  occasions,  altogether. 

If,  in  fine,  such  a  change  is  to  be  made,  let  it  be  done  honestly 
and  in  open  daylight,  and  after  due  and  full  consideration,  with  the 
best  aids  that  our  constitutional  forms  provide ;  let  us  not  be  gulled 
and  tricked  into  it. 

In  our  first  part  we  have  traced  the  origin  and  history  of  Exhibi¬ 
tions,  and  amongst  the  rest,  both  described  and  criticized  the  con¬ 
structive  details  of  the  building  of  this  year.  Before  passing  to 
other  subjects,  we  will  recur  to  this  with  a  few  remarks  upon  what 
may  be  called  the  behaviour  of  the  building  while  in  use.  Amongst 
other  of  the  causes  assigned  for  the  shortcomings  of  ill  success,  the 
bad  effects  of  an  unusually  wet  summer  have  been  made  the  most  of 
by  apologists.  This  circumstance  and  the  average  low  temperature 
that  accompanied  it,  were  not,  however,  wholly  devoid  of  counter¬ 
vailing  advantages,  of  which  we  have  heard  nothing.  In  the  great 
area  of  the  building,  the  effect  of  the  enormous  height  of  the  domes, 
open  at  top,  and  acting  as  huge  ventilating  shafts  whose  powers  had 
obviously  never  been  submitted  to  calculation,  along  with  all  the 
lateral  and  louvre  openings,  and  those  of  the  flooring;  was  to  produce 
a  great  excess  of  ventilation,  amounting  with  the  least  wind  outside  to 
a  storm  of  draftiness  in  various  directions;  and  which,  in  fact,  kept 
the  temperature  inside  practically  whatever  it  was  out  of  doors. 
The  temperature  above  the  gallery  level  never  ranged  more  than 
2°  or  3°  above  that  of  the  floor — that  is,  there  was  practically  none. 
The  Eastern  Annex  was  an  air-shaft  through  which  a  current  swept 


that  was  often  unbearable  ;  but  the  case  was  widely  different  in  the 
Western  Annex:  here,  where  the  fullest  capacity  for  ventilation 
should  have  been  secured,  it  was  really  insufficient.  The  heat 
evolved  from  the  great  length  of  steam-pipes  beneath  the  floor 
(although  jacketted  with  felt,  for  we  find  we  were  wrong  in  stating 
in  Part  I.  that  they  were  unjacketted),  and  by  innumerable  other 
exposed  hot  surfaces,  was  at  times  extremely  inconvenient ;  and 
had  it  not  been  that  the  general  temperature  of  the  year  was  so 
low — if,  in  place,  we  had  had  a  few  days  together  with  the  thermo¬ 
meter  at  80°  or  85°  in  the  shade,  as  is  not  uncommon — the  Machi¬ 
nery  Annex  would  have  become  unendurable.  Nor  was  the  rain 
without  its  countervailing  advantages  as  regards  another  part  of  the 
Exhibition — the  Picture  galleries ;  from  the  mode  of  admission  of 
fresh  air  into  these,  by  apertures  into  Cromwell  and  the  other  roads 
at  the  floor  level,  through  which  one  saw  the  cabs  and  omnibuses 
in  motion,  curiously  disturbing  the  poetry  addressing  the  eye  at  the 
same  time  upon  the  walls;  a  perfect  storm  of  dust  must  have  entered, 
and  made  a  very  disagreeable  addition  of  chiaroscuro  to  the  pictures 
had  the  year  been  one  of  average  dryness  and  wind.  The  rain 
kept  this  evil,  that  remains  inherent  in  these  galleries,  for  the  time 
being  out  of  sight,  as  did  the  average  low  temperature  their  deficient 
ventilation,  although  on  some  occasions  this  was  choking  enough. 

The  rain,  by  the  freedom  with  which  it  continued  to  make  its 
way  in,  through  the  glazed  roofing  and  the  domes,  proved  the 
superiority  in  staunchness  of  the  rabbated  sashbars  and  isolated 
panes  of  the  Paxton  form  of  glazing,  over  the  common  greenhouse 
sash  employed  here,  and  in  so  far  the  correctness  of  our  own  predic¬ 
tions,  that  as  a  result  of  their  construction,  the  domes  never  will  be 
staunch.  The  Western  Annex,  by  the  help  of  plenty  of  bracing  and 
propping,  inside  and  outside,  got  through  its  time  without  coining 
down  upon  our  heads,  but  it  was  touch-and-go  whether  it  stood  at 
all ;  and  had  it  been  subjected  to  anything  like  a  serious  gale  of 
wind  from  the  W.  or  N.W.,  it  is  not  presuming  too  much  to  say 
it  would  have  had  a  tragi-comical  end.  Neither  have  the  domes  as 
yet  experienced  the  rocking  and  glass  loosening  of  one  of  our  really 
stormy  winters. 

The  light  was  unexceptionally  good,  in  the  two  extreme  east  and 
west  towers  of  the  Picture  galleries — reasonably  so,  but  scarce  suffi¬ 
cient,  in  the  great  galleries  along  Cromwell  Road,  and  decidedly 
insufficient  in  the  smaller  cross  galleries.  In  the  glazed  courts  of 
the  main  industrial  building,  and  in  the  Western  Annex,  it  was  ample 
and  pleasant;  everywhere  else,  including  the  nave  and  so-called 
transepts,  except  under  the  domes,  insufficient  at  the  best  of  times, 
and  in  cloudy  afternoons  gloomy. 

These  retrospective  remarks  we  make  in  no  ill-natured  spirit,  but 
because  it  is  well  to  record,  while  now  fresh  in  memory,  what  may 
be  guarded  against,  perhaps,  in  future  buildings ;  and  as  we  are 
threatened  still  with  the  permanent  existence  of  this  pile,  it  is  well 
to  point  to  some  of  its  defects.  Those  who  saw  the  interior  of  the 
nave  during  the  foggy  days  of  the  past  month  (November),  and  con¬ 
sidered  the  conformation  of  the  building  as  a  whole,  must  have  had 
the  question  forced  upon  their  reflections — for  what  possible  use  or 
end  could  such  a  building  be  permanently  employed  in  our  climate? 

As  a  result  of  many  conditions — amongst  which  the  depressing 
influence  upon  the  public  of  the  Prince  Consort’s  death,  and  of  the 
distress  in  the  cotton  districts,  must  be  given  due,  but  not  undue 
weight — the  ultimate  fact  has  been,  that  the  gross  attendance  of  visi¬ 
tors,  up  to  the  official  close,  barely  equalled  that  of  the  Exhibition  of 
1851,  while  the  gross  receipts  are  stated  to  be  actually  short  of 
those  of  that  time.  Allowance  made  for  the  large  increase  in  popu¬ 
lation  within  the  eleven  years— for  the  increase  of  general  wealth, 
and  the  intervening  period,  of  happily  never  seriously  broken 
national  prosperity — for  the  greater  spread  of  education  which  is 
affirmed — and  for  the  immense  increase  in  the  facility  of  locomotion 
all  over  Europe  by  land  and  sea — this  mere  equality  must  be  viewed 
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as  actual  retrogression.  At  least,  an  increase  of  one- fourth  on  the  total 
number  of  visitors  of  1851  might  have  been  expected.  Only  upon  one 
single  day,  we  believe,  did  the  number  of  visitors  in  the  building  at 
once,  reach  equality  with  those  who  thronged  that  of  1851,  as  that 
Exhibition  drew  near  its  close.  To  these  circumstances,  then,  must 
mainly  be  ascribed  the  freedom  from  crowding  and  danger  that 
generally  characterized  the  narrow  main-road  to  the  South  Kensing¬ 
ton  building,  and  has  gixen  pretexts  to  the  apologists,  of  those  who 
chose  a  site  so  unsuited,  to  deny  that  there  was  any  good  ground  for 
the  fears  expressed  as  to  the  adequacy  of  the  approaches.  But 
admirable  as  were  the  police  regulations,  had  the  traffic  that  found 
its  way,  not  without  crowding,  to  the  Park  in  1851,  been  thrown 
into  the  old  Brompton  Road  this  year,  with  an  addition  of  25  per 
cent.,  the  fears  expressed  would  have  been  found  but  too  real ;  thus, 
as  with  the  coldness  and  rain,  so  here  too,  in  respect  of  the  paucity 
of  visitors,  the  commissioners  may  say,  Sicme  servavit  Apollo. 

Some  observations  seem  demanded  by  the  official  conduct  of  this 
Exhibition,  irrespective  of  anything  relative  to  the  building,  with  a 
view  to  remembrance  upon  some  future  occasion. 

It  may  be  properly  deemed  a  part  of  the  moral  police  duties  of 
Exhibition  Commissioners  that,  through  their  officials,  they  shall  see 
to  it  that  wilful  error  and  falsehood  be  not  propagated  under  their 
sanction — that  an  industrial  exhibition  be  swept  clear  of  what  we 
may  call  concrete  lies,  set  for  traps  to  the  ignorant.  For  example, 
no  toad  should  be  exhibited  found  alive  iu  a  seam  of  coal ;  fragments 
of  Armstrong  shells,  stuck  by  hand  all  over  the  inside  of  a  wooden 
beehive,  should  not  jump  down  the  open  mouth  of  the  agricultural 
mind  as  the  horrific  consequences  of  the  explosion  of  an  Armstrong 
shell;  boa  constrictor  bars  of  wrought-iron,  undoubtedly  knotted 
up  hot,  and  with,  to  eyes  erudite,  traces  of  the  Hammerschlag  dis¬ 
coverable  upon  them,  should  not  affirm  themselves  to  have  been 
tied  up  cold;  girders  of  double  T -form,  and  three  feet  deep,  should 
not  astound  the  Cyclops  world  by  being  declared  rolled  girders 
when,  in  fact,  they  were  rolled  pieces  welded  together.  And  we 
might  enlarge  the  catalogue,  but  verb.  sat. 

Iu  exhibitions  like  these — where  the  strongest  head  aches  with 
observational  stimulus  in  three  or  four  hours,  and  the  rapid  flitting 
of  numberless  objects  obliterates  the  clear  image  of  every  one,  like 
the  fiery  ribbon  which  the  ignited  end  of  a  stick  becomes  when 
whirled  before  the  eye — careful  records,  well  digested  reports,  are 
all  important,  if  the  affair  is  to  be  anything  more  lasting  and  valuable 
than  a  mere  shilling  show.  For  these  specially  commissioned  experts, 
men  of  sound  special  knowledge,  and  quite  outside  the  range  of  the 
Exhibition  staff,  would  be  required  to  observe  and  examine,  if  need 
be  to  experiment  and  experimentally  compare,  and  finally  report — 
pledging  thus  their  reputations  to  the  issue.  Some  feeble  attempts 
of  this  sort  have  before  now  been  made  in  1851  and  1855,  but  none 
systematic  or  worthy  of  such  occasions.  Who,  for  example,  is  one 
whit  the  wiser  or  the  better,  now  that  the  show  is  at  an  end,  of  all 
the  magnificent  colonial  and  foreign  timbers  and  wood,  the  fibres 
and  barks,  and  strange  drugs  and  medicines,  from  Japan  and  else¬ 
where?  Hundreds  of  these  woods  have  physical  properties  known, 
perhaps,  to  one  or  two  settlers  imperfectly,  but  exactly  and  scien¬ 
tifically  known  to  none.  What  was  the  use  cf  lugging  hundreds  of 
tons  of  such  timbers  into  the  building,  if  they  were  to  “  come  like 
shadows,  so  depart?”  Will  the  knowledge  of  them  be  a  bit  the 
more  after  a  lot  of  them  have  been  ranged  along  the  ground  floor 
walls  of  the  Brompton  boilers,  to  undergo  chronically  their  “  second 
fytte”  of  being  gazed  at  ?  And  far  more  is  needed  to  extract  the  full 
amount  of  information  requisite  of  such  natural  products,  than  even 
experimental  knowledge  of  their  physical  and  mechanical  properties. 
In  an  able  paper  in  the  Revue  des  Deux  Mondes  of  December,  1862, 
entitled  “  Les  essences  de  forestieres  des  Colonies  Anglais  a  l’Exposi- 
tion  de  Londres,  par  Mons.  M.  J.  Clave,”  he  says:-— 

“  Sous  ce  rapport  les  echantillons  plus  ou  moins  nombreux,  plus 


ou  moins  volumineux,  envoyes  par  quelques  exposans  Fran£ais, 
Portugaise,  Espagnols,  ou  Suedois,  ne  pouvaient  par  nous  apprendre 
grand  chose.  Le  point  essential  pour  les  produits  de  cette  nature 
c’est  de  savoir  le  parti  qu’on  peut  eu  tirer,  et  le  prix  auxquels  on 
pent  les  obtenir.” — p.  647. 

If  these  exhibitions  are  to  be  made  the  most  of,  if  more  real  service 
than  the  whiling  of  the  passing  hour  is  to  be  extracted  from  them, 
it  must  be  by  the  appointment  and  the  careful  systematized  labour 
of  two  or  three  scientific  committees  formed  of  really  laborious 
zealous  men,  remunerated  for  their  time  and  labour,  and  required  to 
report  upon  special  objects  and  special  departments,  the  choice  of 
which  would  probably  best  rest  with  some  such  bodies  as  the  coun¬ 
cils  of  the  Royal  Society,  of  the  Institute  of  Civil  Engineers,  &c., 
after  conference  with  the  reporters  and  personal  examination  of  the 
Exhibition  itself.  Funds  and  instrumental  means  for  experimental 
investigation  should  be  provided,  and  the  questions  to  be  determined 
resolved  upon,  so  as  to  limit  the  time  for  examination  and  report. 
What  an  accession  to  human  knowledge  might  thus  be  made  in  one 
short  year,  those  who  know  most  of  the  lacunae,  of  physical  data,  as 
regards  almost  all  material  substances,  will  best  appreciate. 

These  examinations  and  reports  should  have  nothing  to  do  with, 
and  be  quite  irrespective  of  the  jury  reports,  which  should  assign 
the  experimental  methods  or  others,  by  which  the  respective  merits 
ending  in  medals  or  their  being  withholden  to  Exhibitors,  were  decided, 
and  add,  if  the  jurors  so  pleased,  their  more  general  deductions  as 
to  what  came  before  them,  and  compare  these  with  what  the  pre¬ 
ceding  decade  had  produced.  Reasons  for  reward  should  be 
specific  and  precise ;  no  such  verdicts  to  cover  either  want  of  real 
merit,  or  want  of  the  labour  or  power  to  discover  its  presence  or 
absence,  as  “  For  general  goodness  and  practical  success,”  &c.,  &c., 
&c.,  should  be  accepted  ;  and  the  reports  of  the  various  juries  should 
be  prepared  by  their  appointed  reporters — read  in  full  jury  assembled 
— be  discussed — modified,  if  needful — and  be  finally  fiated  and  de¬ 
clared  passed,  as  the  authorized  reports  of  the  jurors,  and  their 
definite  and  solemn  award  made  impartially  under  the  sanction  of  a 
solemn  affirmation  made  by  each  juror  on  his  election. 

We  would  also  establish  in  future  Exhibitions  a  pretty  numerous 
corps  of  w'hat  we  may  call  peripatetic  lecturers— competent,  well, 
and  not  too  exclusively  informed  men,  of  good  common  sense,  and 
with  facility  and  clearness  of  expression  -who  should,  on  occasional 
days  (the  oftener  on  shilling  days  the  better),  go  round  their  own 
departments  in  the  building,  and,  without  pedantry  or  any  needless 
technicality — nor  yet  shallowly— and  very  briefly,  should  explain  to 
the  immense  audience  they  would  everywhere  find  the  nature, 
principles,  and  leading  characteristics,  of  the  more  important  and 
chosen  objects  displayed.  Hundreds  of  capable  men  could  be  found, 
who  would  undertake  this  gratuitously  and  zealously,  for  the  pure 
love  of  knowledge  and  of  their  fellow-men  ;  but,  if  not,  let  it  be 
provided  that  such  a  corps  of  “  light-bearers  ”  shall  be  remunerated. 

To  one  observant  of  human  faces,  nothing  was  more  clear  than 
the  expression  of  vacant  bewilderment  of  the  vast  majority  of  those 
who  wandered  about  the  Exhibition,  like  sheep  without  a  shepherd, 
dazed  and  confounded  by  innumerable  objects,  all  exciting  curiosity, 
but  of  the  nature,  origin,  use,  or  even  names  of  most  of  which,  they 
knew  nothing.  To  thousands  thus  the  Exhibition  has  been  a  dazz¬ 
ling,  but  meaningless  phantasmagoria.  This  want  hand-books, 
however,  cannot  supply.  We  had  ourselves,  on  more  than  one 
occasion,  abundant  proofs  of  the  eagerness  with  which  men,  and 
women  too,  some  with  rough  visages  and  hard  hands,  listened  to 
explanations  given  with  lucid  brevity  and  distinctness,  in  reply  to 
some  inquiry  for  information,  by  one  whose  name  as  a  contributor 
adorns  our  pages,  and  is  also  inscribed  high  upon  the  pedestal  of 
scientific  discovery.  And  very  beautiful  it  was  to  see  him,  whose 
hair  had  silvered  in  a  life-long  pursuit  of  truth,  and  upon  whose 
eloquent  lips  the  noblest  of  European  science  had  often  hung,  bend- 
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ing  the  might  of  his  mind  to  convey  knowledge  to  humble  and 
delighted  askers,  in  terms  they  understood. 

We  would  also  have  set  lecture  halls,  in  which  at  stated  times, 
and  with  due  notice  given,  every  exhibitor  himself  or  through 
another  should  have  the  right  to  an  hour’s  address  in  exposition  of 
his  own  commodity  or  display,  to  such  audience  as  might  take 
special  interest  therein.  We  would  not  forbid  the  rostrum,  in  turn, 
to  the  veriest  charlatan ;  the  truth  and  the  nonsense,  or  the  false¬ 
hood  would  all  find  their  own  level.  By  such  means  only  can  the 
abiding  and  best  value  be  extracted  from  Exhibitions. 

Need  we  say  that  not  one  of  these  things  has  been  fulfilled  upon 
the  present  occasion.  Experimental  investigations,  scientific,  tech¬ 
nical,  statistic,  economic,  reports  there  are  none.  Medals  there 
are,  indeed,  in  tolerable  profusion — about  7000  amongst  25,000 
exhibitors,  or  about  one  to  every  three  and  a  half  exhibitors — in 
the  aggregate  about  tons  of  copper ;  but  awarded  as  they  have 
been  without  preliminary  tests  or  any  sufficient  examination,  they 
have  been  well  characterized  by  no  less  an  authority  than  Dr. 
Robinson  of  Armagh  in  this  Record ,  as  “a  solemn  mockery,” 
valuable  probably  to  the  puffing  tradesman  as  a  shop-window 
advertisement,  but  as  a  real  stamp  and  reward  of  merit  of  whatever 
sort,  perfectly  valueless. 

For  the  continuance  of  the  bestowal  of  medals  upon  future  occa¬ 
sions,  we  are  unhesitating  advocates;  but  let  them  be  bestowed  only 
after  sufficient  and  real  examination,  and  with  abundant  time  given 
for  the  appeal  in  writing  of  those  who  may  think  themselves  passed 
over  or  aggrieved;  after  experimental  trial  when  such  is  necessary; 
and  let  their  numbers  be  properly  limited.  What  honour  can  there 
be  in  a  medal  when  the  chance  of  every  man  that  has  anything  in 
the  Exhibition,  to  get  one,  is  as  seven  to  two  !  Of  all  the  steam 
engines  to  which  medals  were  awarded  this  year,  the  indicator  was 
never  applied  but  to  one — -and  to  that  one  by  the  exhibitor  himself. 
Jury  report's  diere  are  in  reality  none  ;  for  the  so-called  jury  reports, 
whatever  they  may  turn  out,  as  individual  volunteer  essays,  pub¬ 
lished  by  the  Society  of  Arts,  are  in  no  sense  the  products  of  the 
jurors,  or  even  of  persons  authorized  by  them  to  report  how  they 
pleased,  but  essays  never  seen  or  authenticated  by  any  one  of  the 
juries,  all  of  whom  were  dissolved  with  the  most  singular  and 
apparently  unnecessary  haste  in  the  month  of  June  last,  and  never 
sat  since.  In  fact,  there  exists  and  will  exist  no  record  of  this 
Exhibition  emanating  from  the  Commissioners,  nor  any  at  all  unless 
what  we  may  expect  in  foreign  languages  from  the  no  doubt  com¬ 
prehensive  and  able  reports  of  the  several  Foreign  Commissioners 
to  their  respective  Governments ;  and  probably  the  only  published 
documents  that  will  give  permanence  to  its  contents  will  be  two  or 
three  productions  of  private  individuals,  including  this  now  in  the 
reader’s  hands. 

In  future  classification,  it  appears  to  us,  a  serious  amount  of  change 
should  be  introduced.  One  element  that  may  justly  enter  always 
into  this,  will  be  such  a  disposition  of  the  more  important  objects 
and  members,  as  shall  best  insure  an  artistic  and  harmonious  whole. 
This,  in  theatre  slang,  is  what  1‘  draws,”  and  under  financial 
arrangements  at  all  like  those  of  the  present  year,  the  money¬ 
clinking  tendency  will  be  made  always  paramount,  in  place  of  being, 
as  it  ought,  quite  subordinate  to  the  real  objects  of  these  Exhibi¬ 
tions;  and  hence  much  of  the  so-called  trophies  that  have  made  the 
very  word  vulgar  and  nauseous.  Two  things  ought  to  be  paramount 
in  classification — facility  of  finding  and  identification  of  objects ; 
and  comparison  of  like  with  like.  The  latter  we  hold  to  be  perhaps 
the  most  essential  condition  of  such  collections.  While,  therefore, 
we  think  that  amongst  raw  products,  all  like  classes  and  similar 
objects,  conserving  still  their  nationalities  or  habitats,  should  be 
displayed  together — as  all  the  timbers,  all  the  fibres,  all  the  farming 
materials,  all  the  minerals  and  ores,  resins,  and  oils — so  we  think 
that  in  art  manufactures,  as  far  as  practicable,  the  class  of  produc¬ 


tion  should  decide  juxtaposition  alone,  the  individuality  of  nation  or 
place  being  still  separate  and  prescribed.  In  that  way  alone  can 
any  just  or  searching  comparisons,  or  any  instructive  results  to 
those  who  really  have  interests  to  improve,  be  obtained.  How 
different  much  of  the  porcelain  would  have  looked,  for  example 
— that  seemed  passing  fair  by  itself — if  laid  alongside  that  of  the 
Sevres  dais  !  How  changed  our  English  room  papers  would  have 
become  beside  the  French  and  Austrian — how  different  our  cotton 
prints  along  with  those  of  Alsace  ! 

Let  us  now  cast  a  broad  glance  back  at  the  matter  and  the 
manner  of  the  Exhibition  itself,  as  recalled  in  mental  vision,  and  try 
what  thoughts  these  most  prominently  suggest. 

That  the  display  was  more  profuse,  in  neatly  all  its  parts,  than 
those  of  1851  and  1855,  is  obvious  enough;  but  that  very  much  of 
this  was  due  to  the  bazaar  in  the  distance,  was  also  so.  Hundreds 
of  square  yards  were  covered  with  crockery  and  glass,  bijouterie, 
and  knicknacks,  and  many  other  things  besides,  that  for  every  use 
ful  purpose  of  an  industrial  exhibition  might  have  been  just  as  well 
away,  or  rather  much  better  so,  because  merely  distracting  the  eye, 
and  fatiguing  body  and  mind  to  no  purpose. 

This  is  one  of  the  bad  results  arising  from  enticing  exhibitors  by 
the  bait  of  letting  them  make  sales  ;  the  tendency  is  inevitable  with 
those  to  whom  such  a  permission  applies,  to  send  most,  of  what  will 
sell  best.  Thus  Austria  produced  and  sold  her  tobacco  pipes  by 
the  bushel,  and  hung  the  ceilings  of  her  stalls  with  her  cut-glass 
chandeliers  until  they  looked  like  a  lamp  shop.  Thus  parts  of  the 
Zollverein  opposite  were  little  better  than  the  Pantheon  in  Oxford 
Street,  nor  were  several  parts  of  our  British  portion  free  from  this 
defect.  As  a  stock-taking  of  human  progress,  an  industrial  exhibi¬ 
tion  requires  that  not  alone  the  master-pieces  of  human  skill,  but 
the  average  products  of  everyday  art  should  be  displayed ;  but  the 
needless  multiplication  of  almost  similar  or  identical  objects,  how¬ 
ever  they  may  tend  to  produce  a  glittering  agglomeration  for  the 
idle  sight-seer,  detract  from  the  real  usefulness  of  all  that  is  shown, 
by  making  examination  and  comparison  of  any,  more  laborious  and 
difficult.  This  is  not  the  only  false  result  produced,  by  degrading 
into  a  market,  what  should  be  held  as  a  great  congress  for  the  true 
appraisement  of  the  world’s  industrial  progress  during  a  past  decade, 
and  by  mutual  contact  of  men  should  become  the  stimulus  and  means 
to  its  promotion  and  advance.  False  conclusions  as  to  price  of  pro¬ 
duction  thus  arise  on  all  sides ;  the  statist  and  the  purchaser  are 
led  astray  as  to  the  value  of  goods,  as  sold  in  their  own  markets, 
by  the  fictitious  prices  that  fancy  and  whim,  or  the  greed  of  gain 
awakened  by  such,  may  adventitiously  fix  and  obtain.  This  was 
exemplified  in  the  sales,  both  during  the  avowed  Exhibition  and  in 
the  so-called  bazaar.  Prices  of  foreign  productions,  notably  of 
porcelain,  jewellery,  &c.,  at  first,  justly  enough,  were  based  upon 
the  values  of  the  things  abroad,  as  there  collected  in  Loudon.  But 
it  was  soon  found  that  John  Bull  looked  on  these  as  cheap;  and  as 
time  advanced,  and  his  eagerness  to  possess  souvenirs  of  the  display 
increased,  so  did  the  prices,  until  at  last  it  was  notorious  that  they 
were  far  above  what  the  like  could  be  purchased  for  out  of  doors. 
It  was  a  wise  decision  on  the  previous  occasion  that  though  prices 
might  be  marked  on  objects,  nothing  should  be  sold  in  the  building ; 
and  perhaps  even  a  better  plan  would  be,  that  each  exhibitor  should 
be  called  upon  when  demanding  space,  to  catalogue  what  he  pur¬ 
posed  to  forward,  and  to  state  the  number  of  similar  objects  he 
proposed  to  exhibit,  and  be  at  liberty  to  price  his  catalogue,  but 
neither  to  ticket  objects  with  prices  nor  to  sell  in  the  Exhibition. 

Knowledge  in  one  shape  or  other  is  the  legitimate  object  of 
exhibitions  of  this  sort.  The  expectation  of  gaining  this,  by  mutual 
concurrence,  is  the  most  natural  and  legitimate  means  that  should 
act  upon  the  producers  of  all  nations,  to  bring  their  own  commodi¬ 
ties  to  the  trysting-place  of  the  world’s  industry ;  that  they  may  see 
and  profit  by  their  neighbours’  wealth  and  works,  and  that  all,  raised 
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in  knowledge,  and  in  the  power  which  it  brings,  by  the  mutual 
collision,  should  return  to  their  respective  walks  in  the  highways  of 
the  world,  by  commerce  there  to  reap  the  gain  that  shall  to  all 
have  resulted. 

To  this  is  justly  to  be  added,  praise  and  fame,  and  their  concrete 
stamp  in  medals  (if  sufficiently  discriminative  and  justly  awarded) ; 
and  to  us  it  seems  that  these  two  motives  are  amply  sufficient,  at 
intervals  separated  far  enough  in  time — to  induce  mankind  to 
collect  under  one  roof,  all  that  can  he  shown  that  is  richest,  rarest, 
best.  If  not  so,  and  if  it  be  that  the  opportunity  of  driving  a  thriving 
trade  under  circumstances  unjust  and  unfair  to  the  trader  outside,  by 
making  that  a  “  house  of  merchandise  ”  which  is  colourably  a  temple 
for  the  advancement  of  knowledge  and  promotion  of  civilization ; 
then  it  seems  to  us,  that  the  only  conclusion  is,  that  the  Exhibition  is 
a  thing  not  yet  wanted ;  the  time  has  not  again  come,  when  mankind 
appreciate  its  need.  But  if,  nevertheless,  they  are  to  he  held,  then 
would  itbe  much  better  with  us,  that  Parliament  stepped  in  at  once 
and  undertook  the  financial  responsibility.  The  self-supporting 
plan,  emanating  from  the  people,  and  jealous  of  all  Government 
interference,  of  which  we  so  like  to  hear  ourselves  talk  in  England, 
is  worse  than  a  deception  and  a  sham,  if  it  is  presumed  to  neces¬ 
sitate  means  such  as  have  been  employed  to  carry  through  this 
Exhibition  of  1862.  Far  more  respectable  at  least,  would  be  Par¬ 
liamentary  support,  and  certainly  more  wholesome,  Parliamentary 
control,  than  the  uncontrolled  mismanagements  of  this  year.  In 
short,  if  we  cannot  at  another  time  get  on  better,  upon  the  English 
fiscal  plan,  we  had  better  adopt  the  French  one,  where  Governmen 
supplies  the  funds  and  controls  the  proceedings  throughout.  The 
interference  of  Parliament  in  Exhibitions  be  it  remembered  is  not 
new  either,  for  in  1854-55  it  voted  £50,000  to  enable  England  to 
turn  out  respectably  at  Paris. 

In  1851  there  were  in  all  about  14,000  exhibitors,  of  whom  about 
6500  were  foreigners.  On  the  present  occasion  the  total  number 
of  exhibitors  is  thought  to  he  about  25,000  (for  it  seems  that  the 
statistic  and  intellectual  element  have  been  so  ill  fulfilled  in  its  official 
conduct,  the  number  cannot  be  exactly  known),  and  of  these  about 
16,000  are  foreign  exhibitors,  or  about  two-thirds  of  the  entire 
number.  The  immense  developement  of  the  Continental  railways, 
and  of  great  Continental  industries  in  Prussia,  France,  and  Belgium, 
the  removal  of  custom-house  restrictions  and  abatement  of  pass¬ 
ports  within  the  last  ten  years,  are  co-operative  causes  to  this 
remarkable  result.  But  the  ultimate  expectation,  after  deriving  all 
the  advantages  of  an  industrial  exhibition,  of  making  it  an  exclusive 
market  to  sell  their  goods,  we  think  was  obviously  a  ruling  induce¬ 
ment,  both  to  swell  the  number  of  foreign  exhibitors,  and  to  induce 
them  to  select  rather  what  would  travel  at  least  expense  and  sell 
best,  than  what  would  best  illustrate  the  highest  and  most  advanced 
efforts  of  their  respective  arts  and  countries. 

From  this  failing  France  was  most  creditably  very  free;  she, 
indeed,  from  the  outset  pitched  the  note  very  high,  in  proclaim¬ 
ing  the  prices  of  her  unrivalled  display  of  works  of  art  industry, 
luxury  and  taste;  but  she  had  some  just  claim  to  do  so,  cletur 
pulchriori;  and  she  remained  consistent  in  prices  to  the  end.  The 
French  Court,  pre-eminent  as  it  was  for  the  artistic  beauty  and  good 
taste  of  its  whole  arrangement,  as  well  as  for  the  supremacy  of  finely 
developed  taste  and  skill,  shown  in  almost  every  branch  of  art  manu¬ 
facture,  was  also  pre-eminently  characterized  by  this — that  there  were 
no  masses  of  mediocrity,  heaped  together  to  sell;  everything  nearly, 
was  a  gem  in  its  way,  and  every  part  of  the  glorious  whole,  showed 
the  nicest  discrimination,  and  the  perception  of  its  proper  relation  to 
a  united  display  of  the  best  that  France  can  do.  Nobly,  indeed,  in 
those  departments  of  art  manufacture,  that  are  peculiarly  her  own, 
did  she  present  herself.  Nothing  elsewhere  displayed,  rivalled  her 
porcelain,  her  tapestries,  her  bronzes  by  Barbedienne  and  others; 
her  statuary  castings, by  Ducels  and  others,  in  iron  and  in  zinc;  her 


onyx  marbles,  her  fountains,  by  Huber  &  Dureues.  How  suggestive 
was  the  great  cordon  of  separate  courts,  surrounding  the  whole  exterior 
of  her  space ;  filled  for  the  most  part  with  her  raw  products,  the  great 
giftsof  hernatural  materials  of  which  those  manufactures  were  formed, 
and  which  became  rank  after  rank  more  and  more  artificial,  and  ornate 
or  intricate,  and  glowed  with  greater  warmth  and  brilliancy,  until  they 
all  culminated  in  that  grand  central  constellation  of  beauty  in  form 
and  colour,  the  truly  imperial  dais  of  Sevres  porcelain  and  Gobelin 
tapestry.  Nor  was  the  good  taste  of  France  confined  to  material 
objects,  and  to  what  she  did  show,  but  also  in  what  she  did  not  show. 
Not  a  vestige  of  military  or  naval  prowess,  not  one  implement  of  war¬ 
fare,  did  she  display  as  a  nation,  either  in  1851,  or  now  in  1862.  Two 
unmounted  cast-steel  guns  of  small  size,  were  indeed,  thrown  into  a 
corner  amongst  other  samples  of  iron  manufacture  of  private  firms, 
whence  they  had  come;  but  France,  the  first  of  Continental  military 
powers,  if  not  the  first  in  the  world,  in  a  scientific  aspect  at  least, 
sent  no  sample  of  her  implements  of  destruction.  To  her  fine  taste 
these,  no  doubt,  seemed  out  of  place  in  a  great  display  of  the  arts 
and  products  of  sweet  peace,  and  in  any  case,  that  her  sending  her 
weapons,  would  be  but  a  doubtful  compliment,  in  honouring  the  dis¬ 
play  of  a  friendly  nation  that  received  her  as  a  guest. 

Would  that  some  glimmering  of  this,  had  dawned  upon  our  own 
war  departments,  before  they  produced  that  tremendous  gathering 
of  works  for  warfare,  that  seemed  to  us  the  very  bathos  of  bad  taste, 
to  have  been  presented  by  us,  in  the  attitude  of  hosts,  to  the  world 
come  to  us  as  guests.  No  educated  Englishman  of  good  taste,  and 
capable  of  conceiving  the  to  Trpe-rov  of  the  occasion,  but  must  have 
been  pained  by  that  most  stupid  and  tasteless  park  of  Armstrong 
and  other  artillery,  with  samples  of  all  that  Woolwich  and  Ports¬ 
mouth  can  do,  if  need  be,  upon  a  naughty  neighbour.  Our  prowess 
(which,  as  Englishmen,  we  trust  may  never  be  less  real  than  it  is) 
was  almost  degraded,  by  that  unnecessary  parade;  and,  however 
possible  to  have  gratified  the  personal  ambition  of  a  few  persons, 
and  promoted  the  mercantile  ends  of  a  few  others,  has  already  been 
quietly  laughed  at  by  France,  in  more  than  one  of  its  scientific  and 
military  journals.  In  fact,  neither  Armstrongs  nor  Whitworths  are 
looked  upon  by  French  authorities  (as  may  have  been  observed  by 
some  quotations  in  our  article  “  Artillery”)  as  the  “world-shaking” 
terrors,  they  are  so  commonly,  as  yet,  deemed  amongst  us. 

Had  Prince  Albert  happily  survived,  his  good  taste,  which  in 
1851  excluded  as  far  as  might  be  implements  of  warfare,  would 
have  prevented  this  outrage  upon  its  true  perception,  blow  finely, 
too,  was  the  good  taste  of  France  shown  in  another  way.  She 
prepared  her  court,  she  furnished  her  commission  mansion  in 
Cromwell  Road  with  imperial  magnificence,  as  though  the  Empe¬ 
ror’s  presence  were  but  fitting  to  dignify  the  great  ceremonial,  of 
England  and  the  nations;  and  no  doubt  the  Emperor  would  have  well 
liked  to  have  seen  with  his  own  eye,  how  well  the  nation  he  heads 
displayed  herself  in  the  world’s  view,  and  probably  to  have  distri¬ 
buted  decorations  and  rewards,  to  those  who  had  deserved  them 
of  France.  But  our  Queen  was  in  affliction — the  Emperor  came 
not — throne  and  dais  remained  empty ;  nor  did  one  member  of  his 
family  (as  of  the  state)  visit  the  Exhibition. 

Much,  therefore,  and  in  many  directions,  as  there  was  exquisite 
in  taste,  in  the  Exhibition,  in  our  view  France  has  carried  away 
the  palm,  in  good  taste,  both  moral  and  {esthetic.  Probably  much 
of  this  lies  in  race  or  blood ;  and  the  subtle  shadowy  differences 
of  thought,  upon  which  taste  so  much  depends,  as  well  as  upon 
long-continued  culture,  may  not  be  in  the  mental  configuration 
belongs  to  ourselves ;  in  which  judgment  and  the  following  out  the 
dictates  of  what  we  call  common  sense,  are  more  distinguishing 
characteristics :  for  in  pure  intellect  the  Gallic  race  seem  our  equals. 

Many  things  that  we  see  around  point  to  this,  for  example  no 
great  metropolitan  people  of  the  Continent,  much  less  those  of  Paris, 
would  complacently  tolerate  the  breed  of  public  statues  that 
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innocuously  adorn  the  streets  of  London,  and  indeed  with  great  good 
nature  are  not  thought  generally  ill  of.  Taste,  however,  cannot  be 
forced  in  any  sort  of  hotbed,  and  this  is  one  of  the  lessons  taught 
by  the  Exhibition. 

An  immense  advance  has  been  evidenced  in  some  English 
departments  of  art  manufacture  since  1851  ;  some,  though  not  very 
much,  in  wall  decorations  and  paper-hangings ;  some,  and  rather 
more,  in  furniture  of  the  higher  and  costlier  sort,  the  easiest  sort 
for  the  task,  because  here  “tine  feathers  make  fine  birds” — ebony 
and  ivory,  buhl  work  and  ormolu,  and  profuse  use  of  the  carver’s 
chisel,  with  most  eyes  count  for  much ;  but  most  of  all  in  pottery 
or  rather  porcelain,  for  here  the  advance  the  Kerrs,  the  Mintons, 
the  Wedgewoods,  and  others  have  made  since  1851,  is  quite  won¬ 
derful.  Their  chez  d'ceuvres  were  truly  beautiful,  and  keep  them 
apart  from  simultaneous  view  with  the  Sevres  china,  they  seemed 
matchless ;  but  when  we  come  to  look  somewhat  narrowly  into  the 
sources  whence  this  beauty  sprung,  we  find  its  creators  were  chiefly 
Frenchmen  or  Germans.  The  taste  thus  displaced  is  still  an  exotic 
commodity,  and  imported  by  us  ;  1851  and  the  art  fancies,  real  or 
sham,  that  it  has  given  rise  to,  have  produced  the  demand  for  better 
china  than  Albert  Smith’s  dinner  plate,  and  that  is  something ;  but 
it  has  not  been  able  to  evoke,  as  native  to  the  soil,  the  taste  to  fulfil 
the  demand,  and  so,  like  a  common-sense  people  as  we  are,  we  have 
imported  it.  And  it  is  well  to  have  done  so,  and  all  honour  be  to 
the  men  who  have  imported  the  porcelain  painting  skills  of  a  Leesor, 
and  others  like  him  ;  for  why  should  not  taste  be  imported  rather 
than  reared,  if  the  latter  be  found  difficult,  or  the  forcing  apparatus 
work  very  badly,  as  well  as  we  have  reaped  the  advantages  of  hav¬ 
ing  given  an  asylum  to  Huguenots  and  Flemings  (if  we  did  not 
import  them),  to  whom,  and  to  the  tyranny  that  drove  them  from 
their  own  lands,  we  are  indebted  for  the  first  skill  of  so  many  of 
our  manufactures. 

That  we  may  do  impartial  justice  to  our  own  ceramics  and  our 
potters,  who  conduct  a  truly  national  manufacture,  let  us  quote  the 
views  of  M.  Salvetat,  at  the  conclusion  of  his  able  article  in  the 
“  Annales  du  Conservatoire  — 

“  L’habilite  des  Anglais  dans  les  arts  ceramiques  leur'permettra 
sans  peine  d’amener  a  la  derniere  perfection  les  imitations  des 
modeles  que  viennent  de  leur  etre  presentes ;  il  est  done  a  craindre 
qu’ils  ne  laissent  loin  derriere  eux  leur  maitres  d’aujourdhui.  Le 
danger  nous  parait  serieux.  La  fabrication  des  poteries  quelles 
qu’elles  soient,  comporte  non  seulement  Part,  qui  est  la  pensee, 
mais  la  matiere  que  devient  le  corps,  la  forme  que  revet  cette 

pensee . Quelques  uus  parmi  ceux.  .  .  (in  France, 

namely.)  .  ‘  .  qui  connaissent  parfaitement  le  metier  .  .  . 

les  connaissances  si  necessaires  aux  ceramistes  .  .  .  ont  trop 

neglige,  la  partie  pratique  de  leur  art,  celle  par  laquelle  et  a  cause  de 
laquelle,  leur  oeuvre  durera.  A  ceux  la,  s’ils  ne  veulent  pas  etre 
distances,  nous  conseillons  d’emprunter  aux  Anglais,  leur  grand 
habilite,  leur  perseverance,  leur  intelligence  complete,  de  toute  la 
science  ceramique.” 

Taste,  however,  is  but  the  dilettanti  side  of  these  great  exhibitions, 
and  for  many  reasons,  as  well  as  because  it  suited  the  purpose  of 
many  who  have  been  supposed  to  take  a  highly  prominent  part  in 
them,  has  been  made  somewhat  too  much  of.  The  grand  aim  of 
Exhibitions  is,  after  all,  the  bettering  humanity  at  large,  the  advance  of 
civilization  in  its  right  sense,  “  the  greatest  happiness  for  the  greatest 
number,”  the  concrete  attempt  to  realize  in  one  way,  what  Bacon  in 
his  noble  words,  said  were  the  uses  of  science  as  co-extensive  with 
knowledge — “  the  glory  of  God,  and  the  alleviation  of  man’s  estate.” 
Taste  in  objects  of  art,  however,  but  remotely  touches  the  comforts 
and  conditions  of  peoples,  although  it  may  improve  and  refine,  per¬ 
haps  somewhat  exalt,  and  become  rather  more,  than  the  luxurious 
toy  of  the  uppermost  classes ;  it  may  tinge  and  perfume  these 
flowers  of  society,  but  except  in  the  few  who  directly  as  art- 


workers  minister  to  it,  can  never  affect  the  sturdy  stem  of  labour 
below,  that  sustains  them  all. 

“A  thing  of  beauty  may  be  a  joy  for  ever”  to  him  who  has  the 
antecedents  and  leisure  to  enjoy  it  at  all ;  but  never  was  cant  and 
nonsense  more  absolute  than  in  the  utterance  in  a  recent  lecture 
on  this  Exhibition,  that  “  a  chaste  and  correct  taste  in  painting 
influences  materially  the  civilization  and  morals  of  a  country.” 
Even  as  best  managed,  and  concerted  by  real  nobleness  in  1851, 
and  without  the  discordant  rattle  of  the  till,  and  the  other  mean¬ 
nesses,  ever  breaking  in  upon  us  afresh,  as  in  this  year;  the  note  is 
pitched  too  high  that  would  attribute  any  marked  moral  results  to 
mankind  from  these  gatherings.  The  life  of  mankind  is  not  that 
of  the  unit  man  ;  the  world  marches  slowly,  and  by  an  appointed 
road — men  shall  run  to  and  fro  in  it.  The  cannon  of  the  more 
advanced  and  ruling  nations,  beating  down  tyranny,  barbarism,  and 
wrong,  and  implanting  law  and  order,  the  true  first  missionaries  and 
apostles  to  uncivilized  man ;  the  railway  and  the  steam-ship  bring¬ 
ing  together  distant  and  long-separated  peoples,  and  teaching  that 
there  are  other  things  worthy  of  respect  and  knowledge  in  the 
world,  besides  their  own  crusted  prejudices  and  hugged-up  creeds  ; 
letters  and  science  in  the  highest  types  of  men,  ever  adding  to 
their  lore,  testing  all  things,  and  amongst  them  constitutions, 
governments,  and  creeds,  and  ever  aiming  towards  a  science  of 
morals,  the  top  and  round  of  all  sciences,  that  shall  one  day  demon¬ 
strate  to  all  men,  that  to  know  the  will  of  the  Creator  and  Preserver, 
and  to  accord  with  it,  is  the  Cosmos  and  the  only  line  of  human 
happiness — these  are  amongst  the  slow,  but  sure  and  measured  steps 
that  shall  one  day,  though  yet  distant,  lead  to  “  the  realization  of 
the  unity  of  mankind.”  But  only  in  so  far  as  every  advance  in 
material  power  achieved  by  man,  is  more  or  less  auxiliary  to  the 
unfolding  of  the  great  drama  of  our  race,  are  Exhibitions  concerned 
at  best,  with  its  moral  advancement;  and  only  in  so  far  as  that 
anything  whatsoever,  if  real  and  true,  of  information  or  culture, 
tends  to  widen  the  space  between  the  brute  and  the  man,  can  it  be 
said,  that  they  tend  to  raise  the  moral  condition  of  the  individual  man. 

The  great  staples  of  industry  that  supply  the  primary  wants  of 
all,  and  the  raw  products  that  nature  supplies  as  the  aliments  of 
these,  are  those  portions  of  these  exhibitions  that  most  directly 
touch  the  comforts  and  the  social  conditions  of  peoples,  and  are 
one  of  the  two  great  fulcra  of  the  strength  of  nations.  It  cannot 
be  denied  that,  in  the  persevering  production  and  excellence  of 
manufactures  the  most  minute,  the  comfort,  and  prosperity  of  sur¬ 
prising  numbers  are  often  found;  as  in  the  lace  of  Bruxelles,  Malines, 
Courtrai,  Bruges,  Grammont,  Alost,  and  Valenciennes,  and  in  the 
watches  and  bijouterie  of  Switzerland. 

In  the  almost  total  absence  of  the  sovereign  gifts  of  natural  wealth, 
prosperity,  comfort,  and  national  power  may,  by  sedulously  seeking 
and  strenuously  employing  artificially  made  channels  of  industry, 
be  largely  developed ;  thus  it  is  that  the  Dutch,  once  prayed  for  in 
English  liturgies  as  “  the  poor  and  distressed  states  of  Holland,”  with 
a  bleak  and  damp  climate  and  a  sterile  soil,  presenting  nothing  almost 
by  nature,  but  a  flooded  bed  of  sand  and  silt ;  achieved  in  the  teeth 
of  every  disadvantage  the  highest  mercantile  prosperity,  a  paramount 
maritime  prowess,  and  became  the  founders  of  great  and  distant 
colonies :  so  that  we  cannot  help  wishing  that  her  actual  position 
now  had  been  more  adequately  represented  than  it  was  by  her  com¬ 
paratively  small  and  ill-proportioned  display.  On  the  other  hand,  the 
world  as  yet  continues  to  superabound  with  examples  of  the  bounty 
of  natural  wealth,  lavished  upon  peoples  who  have  buried  their  talent, 
and  seem  rather  degraded  than  advanced  by  its  possession.  Not  to 
refer  ungracefully  to  the  examples  which  our  Europe  itself  affords, 
let  us  look  at  the  contrast  of  the  two  American  continents — the 
northern,  mainly  peopled  from  the  northern  sons  of  European  toil, 
advancing  along  a  frontier  of  twenty  degrees  upon  the  untrodden  West 
at  the  rate  of  a  degree  of  longitude  per  annum,  and  within  a  century 
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having  spread  from  sea  to  sea,  covered  with  railways  and  mighty 
river  navigations its  mineral  gifts  delivered  to  it  as  from  a  colossal 
hand,  richly  employed ;  its  mighty  agriculture,  feeding  itself  with  a 
surplus  for  Europe,  and,  until  now,  clothing  half  the  human  race. 
Alas !  that  energies  so  great  should  now  be  so  bitterly  misapplied. 

The  southern  continent,  with  like  perhaps  greater,  natural  powers, 
dormant,  unemployed,  unknown ;  a  sparse  population  and  uncul¬ 
tured  soil ;  its  products  almost  confined  to  those  that  nature  drops 
into  the  lap  of  listlessness ;  nearly  without  roads,  no  steam-boat 
stems  the  mighty  waters  of  the  Uruguay  or  the>La  Plata  ;  its  states 
without  weight  in  the  councils  of  nations:  yet- the  European  foot 
was  upon  this  golden  land  before  the  Pilgrim  fathers  thought  of 
starting  from  England.  Whence  the  difference,  whence  mainly? 
for  here,  as  in  every  wide-spread  result,  the  cause  is  manifold. 

Thus  success  in  all  that  Exhibitions  show  as  results,  is  due  not 
alone,  nor  even  perhaps  always  most,  to  the  man  of  thought ,  but  to 
him  of  action  likewise.  His  part  in  the  great  drama  is  not  directly 
visible  at  all ;  nor  efficient  as  he  has  been  to  the  issue,  is  his  worth 
and  the  power  of  his  faithfulness,  probity,  and  such  like,  without 
which  action  is  aimless  and  without  endurance  in  results,  recog¬ 
nizable  in  the  glittering  heaps  of  the  world’s  wealth,  but  by  such 
reflections  as  we  have  made.  Exhibitions  cannot  increase  the  power 
of  the  man  of  action — -it  rests  on  a  widely  different  basis — but  they 
may  enlarge  the  sphere  in  which  it  can  act. 

The  more  pregnant  facts,  then,  of  this  Exhibition,  to  those  who 
regard  such  displays  as  at  once  histories  of  past  progress,  and  pro¬ 
phecies  of  the  future  of  nations,  are  not  in  any  of  the  things  into 
which  art  and  form  must  enter  as  elements,  but  in  such  things  as 
filled  the  Western  and  Eastern  Annexes;  in  the  steam-plough 
that  is  yet  destined  to  wipe  the  sweat  from  the  husbandman’s 
brow;  in  the  instruments  of  steam  travel  over  ocean  and  continent, 
that  shall  •compress  this  solid  globe  as  to  half  its  bulk;  in  all  the 
varied  modes  and  means  by  which  elemental  force  shall  be  diverted 
and  trained,  to  do  the  brute  work  of  man  and  beast,  slowly  but 
surely  giving  possibility  to  the  advancement  in  happiness  and  in 
knowledge  of  the  former,  and  alleviating  the  groaning  toil  of  both. 

In  such  aspects  the  mighty  blocks  of  Westphalian,  and  of  Bes¬ 
semer  steel,  assume  an  importance  and  value  greater  than  all  the 
gold  of  Australia,  if  it  were  present  in  the  gilded  wedge,  beneath  the 
eastern  dome,  that  represented  its  huge  bulk. 

In  the  prospects  of  future  developments,  mercantile  and  manufac¬ 
turing,  no  great  division  of  this  Exhibition  appeared  to  us  so  striking 
and  important  as  the  so-called  Raw  Products,  mineral  and  vegetable, 
and  no  reflection  so  distinct  as  the  small  fraction  of  their  countless 
varieties  that  have  been  as  yet  dominated  to  the  use  of  man. 

Imperfectly  as  the  mineral  riches  of  several  of  the  countries  were 
exhibited,  and  some  not  at  all,  the  display  of  natural  products  as  a 
whole,  exceeded  anything  ever  before  shown.  The  displays  from 
Canada,  of  Laurentian  and  other  older  rocks,  numbers  of  them  adapt¬ 
able  to  economic  uses,  of  slates ;  talc  in  great  surfaces  almost  as 
unblemished  as  glass ;  millstones,  and  metallic  ores  :  those  of  Nova 
Scotia,  with  its  remarkable  Albertite  coal ;  and  from  Australia,  of 
copper,  gold,  and  various  mineral  wealth,  with  the  correspond¬ 
ing  amazing  collections  of  indigenous  timbers,  are  the  epitome  of 
whole  worlds  of  future  wealth,  of  the  great  industries  of  nations  yet 
un thought  of.  Amongst  European  nations,  Prussia,  France,  Italy, 
Austria,  and  Belgium  presented  copious  and  finely  arranged  series 
of  their  mineral  riches,  and  of  their  primary  educts ;  but  none 
were  so  remarkable  for  vast  undeveloped  treasures  as  the  mineral 
displays  of  Portugal  and  Spain  :  copper,  iron,  lead,  sulphur,  coal, 
salt,  zinc,  tin,  manganese,  chrome,  cobalt,  nickel,  and  above  all,  quick¬ 
silver,  in  ponderous  masses  of  cinnabar  from  the  historic  Almaden 
mines,  showed  what  its  twenty  millions  of  people,  if  but  marshalled 
to  their  proper  destiny,  might  do. 

In  their  scientific  aspects,  some  of  the  natural  products,  now  for 


the  first  time  exhibited,  are  extremely  interesting,  and  their  prob¬ 
able  future  very  impressive  ;  but  many  of  these  were  but  ill  brought 
into  gaze,  and  some  have  appeared  almost  to  have  escaped  notice. 

This  was  so  in  some  very  remarkable  instances  in  Sweden 
and  Russia,  and  also  in  Hungary.  The  polished  and  glittering 
dark  wedges  of  Plumbago,  shown  in  the  nave,  by  Mods.  Alibert, 
from  his  mining  concussion  in  Siberia,  with  the  series  of  pic¬ 
tures  hanging  around,  showing  the  above  and  the  underground 
workings  of  this  mine,  which  lies  all  in  hard  primary  rock,  and 
from  which  the  splendid  material  is  only  obtainable  by  blasting, 
was  very  striking,  and  must  have  attracted  the  notice  of  most 
persons.  Such  slabs  of  material  of  the  very  highest  and  newest 
quality — from  which  the  Fabre  black  lead  pencils,  probably  now  the 
best  in  the  world,  are  fabricated — are  full  of  interest  to  all  who 
remember  when  Borrowdale  mine,  opened  once  a  year  to  extract  a 
few  hundreds  weight  of  black  lead,  which  sold  for  its  own  weight  in 
silver,  was  the  great  supply  for  all  Europe.  But  this  Siberian 
deposit  of  graphite  sinks  to  insignificance  beside  another  Russian 
discovery  of  the  same  material,  made  only  within  the  present  year. 
Some  who  passed  the  cast-steel  Russian  gun  of  Aboukoff,  probably 
remarked  a  pile  of  dusty  black  slabs  upon  the  same  bench,  of  some 
mineral  easily  mistaken  at  first  for  coal.  This  was  the  Russian 
black  lead,  from  a  mass  that  has  been  discovered  on  the  right  bank 
of  the  great  river  Tungouska  in  a  country  previously  almost  unknown, 
and  in  the  depths  of  pine  forests  traversed  by  the  wild  Tunbusi.  At 
the  level  of  the  water,  torn  and  abraded  by  the  ice  coming  down 
in  winter,  one  continuous  mass  of  graphite  has  already  been  traced, 
extending  3000  yards  or  more  in  length,  with  an  ascertained  depth 
of  30  yards,  and  how  much  more  below  the  water,  no  one  knows, 
nor  how  far  the  bed  runs  nearly  horizontally  in  under  the  granitic 
mountain  that,  pine-covered,  rises  steeply  above  it.  Here  is 
mineral  wealth  ;  to  what  new  uses  may  not  this  infusible  material 
be  hereafter  put?  what  future  powers  and  industries  may  lie  slum¬ 
bering  in  that  black  mass  in  its  icy  solitudes.  Can  it  be  that  this 
indeed  is  the  oldest  trace  of  vegetable  life,  that  our  earth  has  yet 
a  record  left  of;  the  archaic  remains  of  the  world’s  earliest  coal, 
whose  carbon  alone  remains,  the  metamorphic  witness  of  its  ancient 
pedigree.  Close  by  this,  but  quite  unremarked,  were  some  blocks 
of  rock  salt  from  the  Caucasus,  colourless  and  pure  as  glass,  and 
with  this  singular  peculiarity,  possibly  connected  with  the  extreme 
antiquity  of  their  deposition,  that  the  slabs  of  cubic  crystals  are 
almost  free  from  deliquescence.  The  deposit  of  this  salt  is  stated 
to  be  immense.  Russia  was  not  well  represented  as  to  her  mineral 
.  wealth,  but  this  and  a  few  other  specimens,  such  as  her  prodigious 
blocks  of  native  copper,  point  to  the  value  of  her  possessions, 
stretching  now  across  Northern  Asia,  and  indicate  one  of  the  reasons 
for  her  iron  grip  of  the  Caucasus. 

Sweden,  besides  her  fine  metallurgic  display,  including  her  irons 
and  steels,  produced  several  quarry  materials,  and  notably  her  very 
remarkable  green  steatitic  marble,  that  contains  the  germs  of  a 
future  great  trade. 

In  the  Hungarian  collection  (exhibited  with  Austria),  were  some 
metallurgic  productions  of  the  highest  direct  and  relative  interest. 
Amongst  these  isanore  of  extremelycomplex  constitution,  from  which 
copper,  silver,  quicksilver,  antimony,  and  cobalt,  we  believe,  are  all 
in  the  smelting  separated,  as  metals,  with  paying  economy — a  metal¬ 
lurgic  feat  of  skilfulness,  to  which  we  fear  no  fellow  can  be  found 
amongst  ourselves.  The  lesson,  that  our  British  technical  education 
is  lamentably  deficient;  was  forced  upon  us  by  contrast  with  the 
productions  Oi  other  peoples,  at  almost  every  step  in  the  Exhibition ; 
in  nothing  more  so  than  in  metallurgical  processes  ;  and  in  respect 
of  these  by  nothing  more  forcibly,  than  by  the  metallic  displays  of 
Prussia,  Austria  (including  Hungary),  Sweden,  and  Belgium. 

If  we  are  to  continue  to  hold  our  own,  the  earnest  attention  of  the 
legislature  would  well  be  devoted  to  this  without  delay,  with  a  view 
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to  orgauize  and  provide  a  really  sufficient  apparatus  of  technical 
education  for  the  British  empire.  There  is  scarce  an}'  attempt  at 
such  so  far,  and  the  sporadic  efforts  of  the  so-called  Science  and  Art 
department,  and  of  the  few  schools  of  mines  or  mining  institutes  that 
we  possess,  are  ludicrously  incommensurate  with  the  problem  required 
to  be  dealt  with,  and  that  promptly. 

In  purely  mechanical  departments,  there  is  no  means  at  all  in 
existence,  for  the  technical  education  of  the  middle  classes,  including 
skilled  wage  people.  It  would  be  well  for  us  to  ascertain  truly  and 
fully  what  is  the  nature  and  working  of  the  magnificent  technical 
educational  apparatus  of  Germany,  especially  of  Prussia ;  and  also 
those  of  the  somewhat  different  ones  of  Belgium  and  of  France, 
with  the  relations  of  these  respectively  to  their  several  social,  general, 
educational,  university,  and  ecclesiastical  systems;  and  then  to  adopt 
such  parts  as  seem  best,  adapting  and  suiting  them  to  our  own  inter¬ 
nal  relations  in  the  above  respects.  Should  such  a  result  grow  out 
of  this  Exhibition,  we  might  well  forgive  it  every  shortcoming. 

Great  as  are  our  own  insular  natural  gifts — and  especially  in  iron 
and  coal,  which  we  have  so  culpably  wasted — we  begin  to  see  a  pro¬ 
bability  of  the  natural  exhaustion  of  the  latter,  while  the  nations  of 
the  Continent  are  only  beginning  to  feel  the  weight  of  their  own  fossil 
fuel.  Already  France,  Belgium,  and  Prussia  raise  nearly  half  as 
much  coal  annually  as  we  do  ourselves;  and  in  the  Westphalian 
basin  alone,  the  northern  extent  of  which  is  wholly  unknown,  the 
workings  already  extend  over  a  country  of  more  than  1000  square 
(geographical)  miles  in  area,  and  the  production,  which  in  1851  was 
little  more  than  a  milliou  and  a-half  of  tons,  is  now  in  1802  more 
than  six  millions  tons  per  annum,  and  steadily  increasing  at  the  rate 
of  15  per  cent,  per  year. 

With  the  coal  comes  everything  else,  if  there  be  only  the  energy 
and  perseverance  to  employ  it,  and  the  knowledge  how  to  direct  its 
use.  The  German  family,  no  more  than  the  French  or  Belgians, 
want  none  of  these  qualities  ;  and  in  genuine  science,  applicable  and 
applied,  to  technical  industry,  their  leading  manufacturers,  together 
with  managers  and  foremen,  as  well  as  the  higher  order  of  skilled 
workmen,  are  undoubtedly  in  advance  of  us. 

Englishmen  generally  don’t  believe  this  ;  but  because  they  don’t 
like  to  believe  so  unpalatable  a  fact,  and  because  very  few  of  them  have 
had  the  opportunity  of  ascertaining  for  themselves  whether  it  be  so  or 
not,  and  in  the  absence  of  evidence ;  quod  volumus  facile  creemus. 

But  that  this  is  the  truth,  must  have  forced  itself  upon  the  con¬ 
clusions  of  many  at  this  Exhibition,  and  nowhere  more  so  than  in 
the  Western  Annex.  There  amongst  the  steam  engines,  which  we 
may  justly  call  our  national  machines,  while  the  mere  beaver  merits, 
as  Carlyle  would  say;  of  the  fine  materials  and  faultless  workman¬ 
ship  of  our  British  engines,  were  all  with  ourselves,  a  too  general 
unreasoned  mediocrity  characterized  their  designs;  and  the  two 
engines  that  of  all  others  in  the  whole  machinery  display  were 
characteristic  of  the  best  and  most  thoughtful  approach  to  theoretic 
perfection,  were  both  of  foreign  production — both  American  in 
origin,  and  one  of  them  improved  and  produced  by  Germany. 

Mind,  and  the  disciplined  use  of  it,  are  the  general  characteristics, 
of  nearly  every  result  of  German  and  French  labour;  the  absence 
of  these — of  information  of  what  others  have  already  done — and 
the  following  of  mere  precedent  and  rule  of  thumb — but  too  often 
are  presented  by  our  own. 

The  German  peoples  especially  are  at  length  beginning,  for  the 
first  time,  to  be  permitted  to  start  abreast  with  us  in  the  race  of 
industry,  which  really  in  the  issue  is  the  race  for  empire.  Let  us 
beware  how  we  continue  to  let  their  leaders,  be  expedite  with 
technic  knowledge,  that  we  do  not  possess,  lest  even  the  sturdy 
virtues  of  our  national  character,  and  the  many  other  advantages 


with  which  morally  and  materially  we  are  blessed,  may  not  counter¬ 
vail  ignorance,  and  we  find  ourselves  laggard  in  the  end.  The 
industrial  future  of  Germany,  and  the  immense  advantages  she 
brings  to  the  contest,  are  not  thus  shadowed  by  us  alone.  Here  is 
what  M.  Tresca,  the  secretary  of  the  Conservatoire  des  Arts  et 
Metiers  de  France,  and  its  professor  of  applied  mechanics,  says 
of  Eastern  Germany,  in  his  admirable  “  Examen  comparatif  des 
differents  peuples,”  in  relation  to  the  Exhibition.  After  he  has 
been  referring  to  the  industries  of  Belgium  and  Rhenish  Prussia,  to 
Western  Germany  in  short,  he  proceeds: — 

“  Les  grands  etats  de  l’est,  au  contraire,  avec  leur  subdivisions 
tres  specializee,  n’ont  rien  de  commun  avec  notre  organization  indus 
trielle ;  mais  ils  ont  cela  de  ties  favourable,  qu’ils  peuvent  produire 
e’n  grande  masse  et  a  bon  marche,  et  il  arriveront  un  jour  a  peser 
d’un  poids  immense  sur  le’  marche  Europeen;  les  matieres  premieres 
sont  abondautes ;  la  vie,  et  par  consequent  la  main  oeuvres,  y,  sont 
a  bon  marchd ;  animez  ces  elements  naturelles  par  l’emploi  plus 
generalize  des  machines,  et  vous  arriverez,  sur  plus  d’un  point,  a  des 
resultats  de  bon  marche,  auxquels  la  France  ni  1’Angleterre  ne  pour- 
ront  le  plus  souvent  atteindre.  La  puissance  industrielle  de  l’Aut- 
riche,  est  dans  ses  chemins  de  fer,  tout  autant  que  celle  de  l’Angleterre 
est  dans  sa  marine.” 

This  is  so.  The  European  railway  system,  now  beginning  to  fee! 
its  completeness  and  its  power,  will  work  wonders  within  the  next 
ten  years,  if  peace  continue,  in  developing  the  progress  of  the  conti¬ 
nental  nations.  Already  the  coal  of  Westphalia  and  of  all  Rhenish 
Prussia,  is  transferred  by  rail  to  Berlin  and  Vienna,  and  to  the 
remote  eastern  borders  of  Polish  Prussia  and  of  Austria;  and  in 
return,  the  stores  of  golden  grain,  and  floods  of  ruddy  wine  of  all 
eastern  Europe,  of  Hungary  and  beyond  it,  are  brought  to  the 
toiling  hives  of  the  Rhine  country  and  Belgium,  and  to  supply  the 
great  cities  of  our  western  land.  The  rich  wines  of  the  Bannat 
have  even  already  reached  London.  All  that  these  wealthily 
endowed,  but  distant  and,  hitherto  for  commerce,  inaccessible  coun¬ 
tries,  needed — an  outlet  fortheir  abundance — they  nowsee  themselves 
in  possession  of;  and  capital  will  soon  give  fresh  wings  to  their 
ancient  and  their  newly  undertaken  industries.  Freedom  herself 
has  descended  into  the  arena  to  their  aid,  as  she  ever  does  where 
well-directed  energy  and  toil  have  poured  forth  of  their  abundant 
horn.  We  are  not  mere  spectators  of  the  contest,  nay,  we  are 
already  engaged  in  it ;  that  we  may  “  quit  ourselves  as  men,”  let 
us  in  turn  sharpen  the  weapons  of  our  technical  knowledge,  and 
distribute  them  widely  in  the  ranks  of  industry. 

We  cannot  say  we  want  nothwg  else  to  uphold  our  high  position 
amongst  the  nations  of  the  earth ;  for  fraud  and  crime,  and  many 
forms  of  social  and  moral  degradation,  rankle  darkly  amongst  us, 
and  pauperism  in  the  midst  of  riches,  scares  us  as  though  “  the 
times  were  out  of  joint,”  and  that  the  power,  over  men’s  hearts  and 
lives,  of  old  beliefs  and  worships,  had  become  formal  and  meaning¬ 
less.  But  withal  we  have  immense  advantages ;  and  after  having 
just  had  as  guests  in  our  capital,  so  many  of  the  most  truly  noble  of 
the  representative  men  of  the  world,  and  passed  the  examples  of  the 
whole  world’s  treasures  in  review,  may  feel  thankful  to  Him  from 
whom  comes  every  good  and  perfect  gift — that  we  are  Englishmen; 
each  of  us  in  his  walk  best  fulfilling  his  own  duty,  and  redeeming 
the  ills  around,  by  acting  steadily  upon  the  advice  of  the  dying 
Greek  to  his  son — 

A /sv  dp/anxiuv  x a;  bniipoyov  s/z/zsi'a/  uXXuv 

This,  though  uttered  a  thousand  years  before  exhibitions  were 
ever  thought  of,  is  yet,  in  summary,  the  broadest  lesson  they  can 
teach. 

R.  MALLETT. 
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